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DIRECTOR'S  SUMMARY 

The  Institute  began  1980  as  the  National  Institute  of  Arthritis, 
Metabolism,  and  Digestive  Diseases  and  ended  the  year  with  a  new  designation 
as  the  National  Institute  of  Arthritis,  Diabetes,  and  Digestive  and  Kidney 
Diseases  (NIADDK).  Title  II  of  the  Health  Programs  Extension  Act,  signed 
by  President  Carter  in  December  1980,  called  for  the  name  change  in  order 
to  reflect  more  accurately  the  major  extramural  research  programs  of  the 
Institute. 

For  over  four  decades,  since  President  Harry  S.  Truman  authorized  the 
inception  of  the  NIADDK  in  1950,  the  Institute  has  served  the  American 
people  through  its  efforts  to  prevent,  diagnose,  and  better  manage  a  wide 
range  of  chronic  disorders.  Some  of  these  diseases  are  the  leading  causes 
of  death  in  the  nation  today;  others  adversely  affect  the  quality  of  life 
of  their  victims. 

The  enormous  range  of  disorders  that  are  the  focus  of  the  NIADDK 's 
attention  include:  arthritis  and  connective  tissue  diseases,  skin  diseases 
such  as  psoriasis;  bone  and  musculoskeletal  diseases;  diabetes,  cystic 
fibrosis  and  other  metabolic  and  endocrine  disorders;  digestive  diseases, 
and  nutritional  disorders;  diseases  of  the  kidney  and  urinary  tract;  and 
blood  diseases. 

Hope  for  more  effective  treatment  and  prevention  lies  in  basic  and 
clinical  investigation  into  the  nature  of  these  diseases,  and  their 
mechanisms  of  interference  with  normal  body  function.  In  carrying  out 
this  research  mission,  the  Institute  supports  research  and  training  projects 
in  over  400  non-Federal  institutions  through  the  use  of  grants  and  contracts 
and  conducts  basic  and  clinical  research  at  facilities  in  Bethesda,  Md.  and 
at  field  stations  in  and  near  Phoenix,  Arizona. 

Arthritis  and  Related  Diseases 

More  than  37  million  people  in  the  U.S.  are  afflicted  with  arthritis  and 
other  rheumatic  and  connective  tissue  diseases,  at  a  cost  to  the  nation  of 
over  $14  billion  annually.  "Arthritis"  is  a  term  often  used  to  describe  all 
forms  of  joint  disease,  yet  there  are  actually  100  or  more  different  disorders 
of  the  joints  and  connective  tissues.  These  include  osteoarthritis,  rheuma- 
toid arthritis,  systemic  lupus  erythematosus,  spinal  arthritis,  gout,  and 
many  other  distinct  diseases  whose  symptoms  range  from  mild  discomfort  to 
severe  pain  and  total  disability. 

Since  the  underlying  causes  of  most  types  of  arthritis  remain  elusive, 
fundamental  research  continues  to  investigate  immunology,  purine  metabolism, 
skeletal  muscle  structure  and  function  and  the  structure  and  function, 
production,  biochemistry  and  physiology  of  the  canponents  of  connective 
tissue.  These  fundamental  studies  will  expand  our  knowledge  of  how  rheumatic 
diseases  develop. 


A  significant  portion  of  NIADDK  research  is  directed  toward  clinical 
studies  that  will  help  to  improve  diagnosis  and  treatment  of  arthritis 
and  rheumatic  diseases.  This  effort  includes  the  study  of  irrproved  drug 
treatment,  surgical  techniques  and  nnaterials  such  as  those  that  now  make 
it  possible  to  replace  destroyed  hip  joints  with  artificial  inplants. 

An  estimated  16  million  people  in  the  U.S.  are  victims  of  osteoarthritis. 
The  most  common  form  of  arthritis,  osteoarthritis  is  a  progressive  degeneration 
of  thp  joints,  particularly  the  weight-bearing  joints  of  the  hip  and  knee. 
Much  new  information  on  osteoarthritis  has  recently  emerged  frcm  studies  in 
three  general  areas:  bionechanics  of  cartilage  and  joints;  environmental 
influences  such  as  prolonged,  repetitive  exercise;  and  the  viability  of  tissue 
grafts  such  as  those  used  in  treating  osteoarthritis  in  the  knee,  and  osteo- 
necrosis (bone  death)  at  the  end  of  the  thigh  bone. 

A  great  deal  of  research  effort  will  continue  to  focus  on  systemic  lupus 
erythematosus,  a  serious  connective  tissue  disease  that  primarily  affects 
young  women.  Evidence  has  accumulated  to  show  that  lupus  involves  abnormalities 
of  the  immune  system.  In  addition,  NIADCK  grantees  are  probing  the  relationship 
between  sex  hormones,  the  thymus,  and  abnormal  antibody  production.  Results 
indicate  that  male  hormones  suppress  and  female  hormones  enhance  the  disease 
process.  Continuing  studies  will  pursue  these  and  other  research  leads. 

The  NIADDK  also  sponsors  23  Multipurpose  Arthritis  Centers  located 
in  eighteen  States,  from  New  Hampshire  to  Hawaii.  These  centers  are 
the  sites  of  fctasic  and  clinical  research  on  arthritis,  training  programs 
for  medical  and  allied  health  professionals,  and  also  serve  as  regional 
distribution  points  for  providing  information  about  arthritis  to  both 
health  professionals  and  patients. 

The  NIADDK  Program  for  Cooperative  Systemic  Studies  in  the  Rheumatic 
Diseases  is  a  special  initiative  designed  to  accumulate  valuable  clinical 
data  as  a  basis  for  improved  health  care.  This  cooperative  effort  involves 
11  clinics,  coordinated  by  a  center  at  the  University  of  Utah. 

Musculoskeletal  Diseases 

The  orthopedics  program  of  the  NIADDK  encompasses  both  fundamental 
and  clinical  studies  of  tone  and  cartilage  in  normal  and  disease  states. 
The  scope  of  this  research  area  includes  fractures  and  the  healing 
process,  prostheses  and  relevant  biomaterials,  biomechanics  and  bio- 
electric phenomena,  transplantation  and  the  physiology  of  normal  and 
abnormal  gait. 

Osteoporosis,  which  affects  an  estimated  15  million  people  in  the 
U.S.,  is  receiving  program  emphasis,  particularly  in  view  of  the  prevention 
aspects  of  the  disease.  The  metabolism  of  cartilage  is  under  investigation 
at  various  centers  throughout  the  country,  as  well  as  musculoskeletal 
dynamics  and  bone  formation  and  repair.  A  portion  of  funding  in  the 
fracture  areas  has  been  used  to  research  improved  bone  healing  through  new 
methods  of  electric  stimulation.  The  fact  that  approximately  20  percent  of 
all  conditions  requiring  medical  care  involve  the  musculoskeletal  system 
makes  the  importance  of  research  in  these  disorders  readily  apparent. 


Skin  Diseases 

Skin  diseases  are  another  area  of  NIADDK  concentration.  While  only  a 
few  dermatological  conditions  are  fatal,  most  of  these  disorders  cause 
their  all  too  visible  human  suffering  through  discoufort,  disfigurement 
and  disability.  The  medical,  psychological,  social  and  economic  impacts 
of  cutaneous  diseases  are  indeed  considerable. 

Investigations  are  also  under  way  on  a  wide  range  of  dermatological 
problems  including  acne,  psoriasis,  atopic  dermatitis,  fatal  blistering 
"bullous"  diseases,  discoid  lupus  erythematosus,  pigmentary  disorders, 
scleroderma  and  others.  Employing  newly  developed  laboratory  techniques, 
scientists  are  atteirpting  to  clarify  the  roles  of  immunity,  allergic 
response,  and  metabolic  derangements  in  the  causation  of  a  number  of 
these  disorders. 

Diabetes 

Diabetes  is  one  of  the  major  health  problems  in  the  United  States 
today,  with  over  5.5  million  people  affected,  and  35,000  deaths  caused 
annually  as  a  direct  result  of  this  disorder.  The  passage  of  the  National 
Diabetes  Mellitus  Research  and  Education  Act  in  1974  led  to  a  marked 
expansion  of  research  on  diabetes  by  the  NIADDK,  which  serves  as  the  lead 
agency  for  other  NIH  conponents  and  Federal  agencies  in  diabetes  research. 

In  addition  to  studies  of  insulin  action,  which  are  under  way  intra- 
murally  in  the  NIADDK  Diabetes  Branch,  extramural  grants  and  contracts 
support  research  related  to  islet  cell  transplantation,  insulin  delivery 
systems  and  glucose  sensors,  behavioral  research,  and  epidemiologic  studies. 
Specific  areas  under  investigation  are  the  structure,  function,  biosynthesis, 
secretion  and  mechanisms  of  action  of  pancreatic  homones  and  related 
peptides  and  enzymes;  carbohydrate,  lipid,  and  protein  metabolism;  and  diabetic 
nutritional  interrelationships  including  obesity. 

The  NIADDK  also  supports  diabetes  research  through  the  Diabetes  Centers 
Program,  established  to  investigate  the  causes,  diagnosis  and  management 
of  diabetes  and  its  conplications,  and  to  train  professionals  for  diabetes 
research  and  management  of  diabetic  patients.  The  NIADDK  funds  both 
Diabetes-Endocrinology  Research  Centers  (DERCs)  and  Diabetes  Research  and 
Training  Centers  (DRTCs).  The  DERCs  are  exclusively  oriented  toward  biomedical 
research  goals,  while  the  DRTCs  include  training  and  information  transfer 
components  in  addition  to  biomedical  research. 

Endocrinology 

Basic  research  is  also  pursued  by  the  Institute  in  endocrinology  and  its 
application  to  the  process  and  dysfunctions  of  growth,  reproduction,  aging, 
metabolism,  behavior  and  brain  dysfunction,  cardiovascular-renal  function 
and  nutrition.  NIADDK 's  major  emphasis  in  this  area  is  the  Hormone  Dis- 
tribution Program,  which  procures  the  raw  material,  extracts  and  purifies 
hornnones,  makes  antisera  to  various  hormones,  and  distributes  all  of  these 
materials  to  clinical  and  basic  researchers,  thus  guaranteeing  uniform 
standards  for  hormones  and  antisera  used  in  research. 


Metabolic  Diseases 

Metabolic  diseases  and  inborn  errors  of  metabolism  are  also  part  of 
the  broad  spectrum  of  disorders  associated  with  NIATOK  research.  Cystic 
fibrosis  (CF)  is  one  of  the  diseases  that  receives  special  emphasis. 
This  lethal,  inherited  metabolic  disorder  affects  one  infant  in  every  2,000 
live  births,  and  costs  the  nation  more  than  $150  million  annually  in 
treatment  alone. 

Recently,  Institute  grantees  have  developed  a  skin  test  that  makes  it 
possible  to  identify  carriers  of  the  defective  gene  that  causes  CF.  Other 
studies  are  atterrpting  to  find  the  specific  mechanism  of  exocrine  gland 
dysfunction,  to  determine  the  nature  of  the  molecular  defect  in  CF,  and 
to  gain  a  better  understanding  of  secretory  and  respiratory  function 
and  therapy. 

Digestive  Diseases 

In  working  to  implement  the  long-range  plan  reccmnended  by  the 
National  Commission  on  Digestive  Diseases,  the  NIADDK  has  the  primary 
responsibility  for  Federal  research  programs  into  the  causative  factors 
involved  in  digestive  diseases.  Each  year,  more  Americans  are  hospitalized 
for  digestive  disorders  than  for  any  other  group  of  diseases,  resulting 
in  medical  costs  to  the  nation  of  $17  billion  annually,  ^proximately 
200,000  people  die  each  year  from  these  disorders.  As  new  knowledge  is 
gained  from  basic  and  clinical  research  in  the  anatomy,  histology, 
physiology,  endocrinology,  and  biochemistry  of  the  digestive  tract,  there 
is  hope  that  these  morbidity  and  mortality  rates  can  be  lowered. 

NIADDK  sponsors  research  in  digestive  diseases  of  the  esophagus, 
stomach,  pancreas,  salivary  glands,  liver,  and  small  and  large  intestines. 
Major  digestive  diseases  studied  include  esophagitis,  peptic  ulcer, 
diverticulitis,  infectious  diarrhea,  ulcerative  colitis,  malabsorption, 
hepatitis,  cirrhosis,  and  others.  Crohn's  disease,  a  chrr)nic,  digestive 
disorder  of  the  small  and  large  intestine,  was  the  subject  of  the  National 
Cooperative  Crohn's  Disease  Study,  a  multicenter  five-year  program. 
Completed  last  year,  the  study  results  outlined  the  treatment  for  Crohn's 
disease. 

Another  key  area  is  the  search  for  alternatives  to  surgery  in  the  treatment 
of  gallstones.  Results  of  the  National  Cooperative  Gallstone  Study,  a  multicenter 
clinical  trial,  provided  valuable  information  on  the  effectiveness  and 
safety  of  chenodeoxycholic  acid  (CDCA)  in  the  dissolution  of  cholesterol 
gallstones . 

Upper  gastrointestinal  hemorrhage,  a  serious  problem  in  the  United  States, 
was  the  focal  point  of  an  NIH  consensus  development  conference  in  August 
1980  when  investigators  reviewed  the  diagnostic  and  therapeutic  application 
of  endoscopy.  As  a  result  of  this  conference,  recotimendations  were  issued 
to  aid  practicing  physicians  in  the  use  of  endoscopy. 


Nutrition 

Nutrition  plays  a  key  role  in  the  maintenance  of  health  and  the 
prevention  of  disease.  The  NIADDK  Nutrition  Program  incorporates  studies 
in  human  nutritional  requirements  and  factors  that  influence  these 
requirements;  the  use  of  new  technologies  in  the  study  of  the  function 
of  nutrients;  research  on  iron  deficiency  and  metabolic  levels  and  roles 
of  trace  minerals;  basic  studies  on  dietary  fiber;  obesity  research, 
including  the  role  of  heat  production  as  a  factor  in  obesity;  and  studies 
on  supportive  nutrition  for  hospitalized  patients  through  Clinical 
Nutrition  Research  Units  (CNRUs). 

NIADDK  also  collaborates  with  other  Institutes  through  the  NIH 
Nutrition  Coordinating  Committee,  to  stimulate  cooperative  efforts  in 
nutrition.  Another  joint  venture  is  the  U.S. -Japan  Cooperative  Medical 
Science  Program.  Since  1965,  this  program  has  served  as  the  primary 
vehicle  through  v^ich  international  nutrition  research  activities  are 
identified  for  support. 

Kidney  Disease  and  Urology 

The  goals  of  the  kidney  disease  and  urology  program  of  the  NIADDK 
are  prevention,  early  diagnosis,  and  treatment  of  kidney  disease  through 
understanding  of  the  basic  mechanisms  and  causes  of  renal  and  urologic 
disorders.  Areas  of  study  include  glomerulonephritis,  nephrosis, 
interstitial  nephritis,  kidney  and  bladder  stones,  polycystic  kidney 
disease,  diabetic  nephropathy,  analgesic-associated  and  other  toxic 
nephropathies,  immune  disorders  of  the  kidney,  benign  prostatic 
hyperplasia,  and  numerous  other  disorders.  Chronic  uremia  and  end-stage 
kidney  disease  are  two  other  iitportant  target  areas,  as  NIADDK-supported 
scientists  are  seeking  ways  to  reduce  the  number  of  patients  dependent  on 
artificial  substitutes  for  nortnal  kidney  function. 

During  May  1981,  the  Kidney  and  Urologic  Diseases  Program  of  the 
Institute  sponsored  the  Second  Annual  Chronic  Renal  Disease  Conference, 
which  dealt  with  the  economic  costs  for  end-stage  renal  disease  for 
dialysis  and  transplantation,  the  ethical  issues  involved  in  the  management 
of  young  children  with  chronic  renal  failure,  the  control  of  treatment 
morbidity,  and  control  of  uremic  toxicity  with  hemodialysis  and 
hemofiltration  therapy.  A  similar  opportunity  to  review  the  state-of-the- 
art  was  provided  at  a  meeting  on  the  Renal  Effects  of  Drugs  and  Environmental 
Toxicants,  jointly  sponsored  by  the  NIADDK  and  the  National  Institute  of 
Environmental  Health  Sciences.  Scientists  who  attended  these  meetings 
discussed  the  toxicity  of  common  antibiotics,  industrial  solvents,  and 
environmental  toxins  such  as  lead,  cadmium,  mercury,  and  gold,  as  causes 
of  acute  renal  failure. 

Three  sub-programs  in  the  Institute's  extramural  program  are  related 
to  the  urinary  tract:  the  Renal  Physiology  and  Pathophysiology  Program, 
the  Urology  Program  (including  urolithiasis),  and  the  Chronic  Renal 
Disease  Program.  Through  these  programs,  basic  physiological  processes 
of  the  urinary  tract  are  studied,  as  well  as  the  role  of  aberrant  immune 
processes  in  the  causation  of  urinary  tract  disorders. 


Blood  Diseases 

The  NIADDK  Hematology  Program  focuses  research  on  the  fundamental 
structure,  function,  and  metabolism  of  blood  conponents.  NIADDK- 
supported  studies  have  resulted  in  great  strides  in  areas  such  as  sickle 
cell  disease,  where  research  has  led  to  the  development  of  a  safe  and 
sensitive  method  for  prenatal  diagnosis  of  this  disorder.  Other  major 
hematologic  categories  supported  by  the  NIADDK  are:  anemias,  disorders  of 
blood  cell  production,  and  iimiunology .  An  evaluation  of  the  Hematology 
Program  in  relation  to  research  needs  was  undertaken  last  year  in 
cooperation  with  other  Institutes  of  the  NIH  who  have  blood  programs,  and 
a  final  report  of  this  significant  study  is  now  being  prepared. 


Equal  Enplpyment  Opportunity  Program 

The  Institute's  EEO  Advisory  Coinmittee  is  being  re-evaluated  by  a 
22-meiTiber  ad  hoc  group  of  eitployees.  This  group  has  been  charged  with  the 
task  of  formulating  recommendations  on  strengthening  the  EEO  Advisory 
Coinmittee.  The  special  group  has  met  twice  thus  far,  reviewed  workforce 
data,  and  analyzed  the  present  structure  of  the  conmittee  as  it  relates 
to  the  Institute,  as  well  as  to  the  Division  of  Equal  Opportunity.  The 
evaluation  group  is  in  the  process  of  developing  specific  recommendations 
on  the  re-structuring  and  redirection  of  the  Advisory  Conmittee.  Composition 
of  the  ad  hoc  group  is  as  follows:  12  intramural,  10  extramural;  6  Blacks; 
3  Asians;  1  Hispanic;  12  females. 

Formal  training  was  completed  in  EBO  for  Managers  and  Supervisors  in 
February  and  March  of  this  year.  All  supervisors  were  required  to  attend. 
There  were  also  two  sessions  offered  to  all  NIADDK  enployees  on  their  rights 
and  responsibilities  under  the  EEO  program.  These  sessions  were  not 
mandatory. 

The  Institute  continues  to  offer  courses  in  Tissue  Culture  for  all 
interested  employees  who  wish  to  pursue  a  career  in  the  field  of  biomedical 
sciences. 

Through  the  Minority  Bionedical  Support  Program  and  in  conjunction  with 
the  Division  of  Research  Resources,  funds  are  committed  to  support  projects 
designed  to  strengthen  the  biomedical  science  capabilities  of  minority 
institutions.  These  funds  are  used  to  support  undergraduate  students,  as  well 
as  graduate,  post-doctoral  staff  and  faculty  positions. 

The  Minority  Access  to  Research  Careers  (MARC)  Program  interagency  agreement 
with  the  National  Institute  of  General  Medical  Sciences  allows  the  Institute 
to  increase  the  number  of  minority  scientists  engaged  in  bicmedical  research. 
Funds  are  available  for  pre-doctoral  and  post-doctoral  faculty  fellowships, 
visiting  scientists,  and  honors  undergraduate  training. 

The  1981  Summer  Program  allowed  the  Institute  to  hire  37  students  to  work 
in  laboratories  and  as  clerical  aids  in  order  to  gain  experience  in  fields 
related  to  their  studies.  Of  these  37  students,  13  were  Black,  2  Hispanic. 
Twenty-one  (21)  were  females. 

Many  Institute  officials  continue  to  donate  scientific  and  personal 
journals  to  various  minority  colleges  and  universities,  distributed  through  the 
EEO  Office.  These  contributions  to  staff  faculty,  department  libraries,  and 
individual  students,  enable  these  colleges  to  better  prepare  minority  youth 
for  successful  careers  in  the  sciences. 

The  Institute  has  also  contributed  to  the  Society  for  Advancement  of 
Chicanos  and  Native  Americans  in  Sciences  (SACNAS)  funds  in  support  of  the 
Conference  of  Hispanic  and  Native  American  Scientists  in  Albuquerque,  New  Mexico, 
and  co-sponsored  a  conference  on  Puerto  Ricans  in  Science,  April  22-24,  1981. 


Annual  Report  of  the  Laboratory  of  Nutrition  and  Endocrinology 
National  Institute  of  Arthritis,  Diabetes,  Digestive  and  Kidney  Diseases 

Several  administrative  changes  have  taken  place  in  the  Laboratory  of 
Nutrition  and  Endocrinology  in  the  past  year.  Dr.  Martin  Rodbell  relinquished 
his  post  as  Chief  of  the  Laboratory;  he  remains  Head  of  the  Section  on  Mem- 
brane Regulation.  Dr.  Robert  Simpson  assumed  the  role  of  Oiief  of  the  Labora- 
tory in  addition  to  his  position  as  Head  of  the  Developmental  Biochemistry 
Section.  Dr.  John  Bieri,  Head  of  the  Nutrition  Section,  retired  after  25 
years  of  distinguished  research  and  service  at  NIH.  Dr.  Bieri,  a  past-presi- 
dent of  the  .^erican  Institute  of  Nutrition,  has  been  a  leading  figure  in 
nutritional  biochemistry  for  three  decades;  his  presence  in  the  laboratory 
will  be  sorely  missed,  both  by  his  immediate  associates  and  by  the  many  other 
scientists  at'  NIH  and  elsewhere  with  whom  he  has  collaborated  and  vvhom  he  has 
advised  and  taught  over  the  past  years. 

Developmental  Biochemistry  Section 

Investigations  in  the  Developmental  Biochemistry  Section  focus  on  two 
areas  for  elucidation  of  the  molecular  basis  of  genetic  regulation  in  eukary- 
otic  cells,  the  developing  embr\'0  and  yeast  plasmids .  Each  has  its  outi  par- 
ticular advantages  for  such  studies. 

Within  3  days  after  fertilization,  sea  urchins  develop  from  a  single 
cell  to  a  complex  larval  form  which  swims  and  actively  feeds ,  containing 
about  4000  cells.  Up  to  100  million  embryos  may  be  studied  in  a  single  experi- 
ment, all  developing  sy-nchronously.  Obviously,  such  numbers  allow  biochemical 
studies  on  early  development  in  this  species  which  are  impossible  in  almost 
all  others.  Certain  stages  are  of  particular  interest  1)  the  marked  remodel- 
ing of  genomic  information  which  occurs  in  the  first  hour  after  fertilization 
where  paternal  histones  are  lost  from  chromatin  and  the  DNA  associates  with 
new  zygotic  histones  in  a  precise  fashion,  2)  fusion  of  the  tAvo  pronuclei  to 
form  the  active  functional  zygotic  nucleus,  and  3)  early  stages  of  development - 
at  the  four  cell  stage  each  cell  is  totipotent,  at  the  eight  cell  stage  this 
is  no  longer  true,  although  the  eight  cells  are  morphologically  identical, 
and  at  the  16  cell  stage,  the  embryo  shovvs  the  first  signs  of  differentiation 
with  three  distinct  cell  types  being  present.  The  three  cell  types  are  sep- 
arable, allowing  a  nearly  unique  opportunity  to  study  nuclear  and  cytoplasmic 
features  of  differentiation. 

Initial  efforts  in  study  of  early  embr>'ogenesis  in  sea  urchins  have  been 
directed  at  characterization  of  chromatin  structure  at  different  stages,  par- 
ticularly in  regard  to  effects  the  vavxant  histones  present  in  sperm  and 
during  development  have  on  nucleosome  structure.  Sperm  chromatin  is  highly 
condensed  and  the  degree  of  condensation  is  mediated  by  the  proteins  present. 
Thus,  even  with  extensive  disruption  of  the  continuity  of  DNA,  sperm  chromatin 
remains  highly  folded  into  a  300  A  diameter  solenoidal  fiber.  .At  the  level 
of  the  nucleosome,  sperm  chromatin  is  also  more  stable  to  several  types  of 
disruptive  forces.  .At  least  in  part  this  added  stability  can  be  correlated 
with  additional  sites  of  strong  protein-D>iA  interaction  in  the  core  particle. 


EXiring  embryogenesis  there  is  a  switch  in  the  type  o£  histones  synthe- 
sized in  sea  urchins  at  blastula  stage;  early  histones  associate  with  DNA 
prior  to  this  stage  and  a  late  set  afterwards .  Core  particles  containing 
either  type  o£  histones  are  less  stable  to  thermal  denaturation  than  typical 
core  particles  from  adult  tissues.  Of  interest,  the  particle  containing  the 
early  histones  unfolds  under  the  stress  of  low  ionic  strength  more  easily 
than  that  containing  late  histones  (the  latter  is  identical  to  all  other 
particles  studied  thus  far) .  Demonstration  of  structural  consequences  for 
chromatin  of  the  histone  switches  suggests  that  the  change  in  type  of  protein 
synthesized  is  significant  for  in  vivo   structure  and  function  of  chromatin  at 
different  stages  of  embryonic  development.  IVhile  the  current  studies  involve 
echinoderms ,  we  note  that  others  have  demonstrated  variations  in  histone  types 
present  in  mammalian  fetal  and  adult  tissues ,  suggesting  that  generalizations 
drawn  from  this  model  system  may  apply  to  higher  organisms . 

Our  interest  in  yeast  evolves  from  a  unique  feature  of  this  simple 
eukaryotic  species,  namely  that  multicopy  genes  can  be  introduced  into  yeast 
as  plasmids,  extrachromosomal  elements,  where  they  are  packaged  as  miniature 
chromosomes.  Thus,  one  has  the  opportunity  to  clone  chromatin  as  opposed  to 
cloning  genes  (in  bacteria).  We  feel  that  the  potential  for  study  of  trans- 
criptional regulation  in  this  system  is  very  high  and  that  such  studies  will 
contribute  as  much  to  our  understanding  of  the  structural  basis  of  gene  regu- 
lation in  higher  organisms  as  sequence  studies  of  cloned  DNA. 

Thus  fer  we  have  directed  our  studies  to  establishment  and  characterization 
of  several  yeast  genes  as  yeast  plasmids  and  to  attempt  to  develop  in  vitro 
transcription  systems  for  the  study  of  regulation  in  these  plasmid  minichromo- 
somes.  Yeast  genes  in  plasmid  form  are  apparently  packaged  as  chromatin,  just 
as  the  2  micron  plasmid  which  exists  in  certain  yeast  strains  naturally.  Thus, 
the  trpl-arsl  Blik   sequence,  1400  bp  in  length,  is  isolatable  as  a  compact 
species,  supercoiled  and  containing  8-9  nucleosomes.  Currently  we  are  deter- 
mining the  phasing  of  nucleosomes  on  this  gene  sequence  and  two  other  genes, 
one  with  a  highly  active  promoter  and  one  under  regulatory  control. 

We  have  established  a  heterologous  transcription  system  for  the  yeast 
5S  RNA  gene  using  a  HeLa  cell  extract.  The  system  transcribes  the  gene 
faithfully;  addition   of  a  yeast  extract  allows  processing  of  the  RNA  pre- 
cursor synthesized  by  the  mammalian  system  to  the  mature  RNA  characteristic 
of  yeast.  This  will  allow  purification  of  the  processing  activity.  Deletion 
studies  demonstrate  that  the  promoter  recognized  on  the  yeast  gene  by  the 
mammalian  transcription  system  is  intragenic,  as  in  the  Xenopus   homologous 
system.  A  homologous  yeast  RNA  polymerase  III  system  has  been  established  and 
efforts  are  proceeding  to  similar  development  of  a  yeast  polymerase  II  system, 
required  for  detailed  study  of  the  features  of  chromatin  structure  which  regu- 
late transcriptional  activity. 

Structure -function  relationships  in  a  small  extracellular  ribonuclease 
of  B.   amyloliquefaaiens   and  its  intracellular  inhibitor  have  been  aji  ongoing 
topic  of  research  in  this  Section  for  a  number  of  years.  This  year,  the 
structure  of  the  nuclease  has  been  solved  to  a  resolution  of  2.5  A  by  a  collab- 
orative effort.  Current  efforts  are  directed  to  production  of  sufficient 
inhibitor  for  continuation  of  such  structural  studies  by  use  of  recombinant 
DNA  technology. 


Membrane  Regulation  Section 

During  the  past  year,  investigations  in  the  Membrane  Regulation  Section 
have  centered  on  1)  rather  surprising  effects  of  "local  hormones"  in  fat  cells 
and  transformed  cell  lines,  ii)  identification  of  GTP  regulatory  proteins  and 
development  of  techniques  for  separation  of  the  components  of  regulated  adeny- 
late cyclase  systems,  and  iii)  dissection  of  the  mechanism  of  action  of  glu- 
cagon . 

In  recent  years ,  the  role  of  local  hormones  in  regulation  of  cellular 
activity  and  proliferation  have  become  increasingly  evident.  Small  molecules, 
synthesized  by  a  cell  or  its  neighbors,  often  lead  to  striking  effects  on 
various  activities  of  the  cell;  synthesis  of  these  components  is  often  altered 
in  abnormal  states.  Previous  investigations  in  this  Section  showed  that  trans- 
formation of  MDCK  cells  led  to  a  cell  which  lacked  both  a  response  to  glucagon 
and  the  glucagon  receptor.  This  effect  could  be  reversed  (to  a  state  similar 
but  not  identical  to  the  parental  line)  by  butyrate,  by  a  phosphodiesterase 
inhibitor,  or  by  culture  in  a  chemically  defined  medium.  We  have  now  found 
that  the  component  of  the  defined  medium  necessary  and  sufficient  for  appear- 
ance of  the  glucagon  response  is  prostaglandin  E, ,  Further  investigations 
have  shown  that  the  synthesis  of  this  compound  is  markedly  reduced  in  the 
transformed  cell  line,  suggesting  that  it  exerts  an  effect  as  a  local  hormone 
inducing  proper  synthesis  or  processing  of  the  glucagon  receptor.  Study  of 
the  metabolic  pathway  leading  to  prostaglandin  production  in  the  transformed 
cells  has  shown  that  release  of  arachidonic  acid  from  phospholipid  by  phospho- 
lipase  is  greatly  reduced,  compared  to  the  parental  cell  line.  The  phenomenon 
of  reduced  prostaglandin  production  in  transformed  NODCK  cells  is  not  unique; 
reduced  prostaglandin  synthesis  has  been  demonstrated  in  other  transformed 
cell  lines. 

Adenosine  has  been  implicated  as  a  local  hormone  in  a  variety  of  pharma- 
cologically significant  processes  in  the  past  several  years.  We  have  now 
studied  the  effects  of  this  important  small  molecule  in  two  additional  systems, 
with  rather  surprising  results,  A  pheochromocytoma  cell  line  (PC12)  is  used 
as  a  model  system  for  study  of  nerve  development.  When  cultured  in  the  pres- 
ence of  nerve  grotrth  factor  C^^GF)  ,  these  cells  undergo  changes  reminiscent 
of  the  development  of  sympathetic  neurons  from  chromaffin  cells.  We  have 
shown  that  PC12  cells  contain  a  stimulatory  adenylate  cyclase  receptor  for 
adenosine  which  is  activated  by  5 ' -\'-ethylcarboxamide  adenosine  (NECA)  at  a 
midpoint  concentration  of  2  x  10"^  M,  Both  NGF  and  NECA  induce  orthinine 
decarboxylase  activity  in  PC12  cells;  remarkably,  their  actions  are  syner- 
gistic, leading  to  a  3-fold  greater  activation  than  the  sum  of  their  individual 
contributions.  Further,  N'ECA.  markedly  enhanced  the  rate  of  stimulation  of 
neurite  outgrowth  promoted  by  NGF.  Biochemically,  the  effects  of  NECA.  on 
decarboxylase  activity  and  stimulation  of  neurite  outgrovrth  parallel  the  effects 
of  the  adenosine  analogue  on  adenylate  cyclase  activity,  suggesting  that 
adenosine  activation  of  cyclase  may  serve  in  a  coordinate  fashion  with  NGF 
in  promotion  of  neuronal  development. 


A  major  problem  in  demonstration  of  effects  of  adenosine  on  cellular 
processes  is  the  presence  of  this  compound  in  most  cell  preparations  due  to 
cell  breakage  or  leakiness.  Addition  of  adenosine  deaminase  converts  adeno- 
sine to  inosine,  which  is  pharmacologically  inactive  at  the  adenosine  recep- 
tors. Such  treatment  inhibits  the  transport  of  glucose  into  fat  cells. 
Addition  of  a  deaminase  resistant  adenosine  analogue  (PIA)  stimulates  glucose 
transport  by  fat  cells  to  levels  nearly  those  seen  with  optimal  insulin  con- 
centrations. PIA  also  inhibits  lipolysis  in  fat  cells,  again  at  similar, 
nanomolar  concentration  levels.  Stimulation  of  glucose  transport  by  insulin 
is  not  dependent  on  the  presence  of  adenosine  or  its  analogues,  suggesting 
that  the  two  effectors  act  on  a  common  end- target  through  independent  inter- 
mediate routes . 

Our  investigations  established  several  years  ago  that  a  GTP-binding  com- 
ponent (N)  was  necessary  for  mediation  of  the  stimulatory  effects  of  hormones 
such  as  glucagon  on  adenylate  cyclase.  More  recently,  we  have  defined  the 
existence  of  a  kinetically  distinguishable  GTP-binding  component  which  is 
required  for  inhibition  of  cyclase  by  a  number  of  compounds,  adenosine,  for 
example.  Cholera  toxin  modifies  the  stimulatory  N  component  by  ADP-ribosyla- 
tion  using  NAD  as  a  donor.  We  now  show  that  in  cells  where  dual  regulation 
(stimulation  and  inhibition)  of  cyclase  activity  exists,  two  electrophoretic- 
ally  distinct  peptides  are  labeled  by  NAD  and  the  toxin.  This  allows  identi- 
fication of  putative  inhibitory  N  components  in  the  absence  of  kinetic  data 
and  should  provide  a  valuable  tag  for  purification  of  these  peptides.  Labeling 
of  alpha  and  beta  adrenergic  receptors  and  initial  attempts  at  solubilization 
of  these  proteins have  been  carried  out;  these  studies  are  a  beginning  in  our 
attempts  to  be  able  to  reconstitute  from  purified  components  both  stimulatory 
and  inhibitory  adenylate  cyclase  systems.  Such  purification  and  reconstitu- 
tionof  native  and  modified  systems  seems  mandatory  for  detailed  understanding 
of  the  mechanisms  of  regulation  of  this  key  cellular  signalling  system.  Cholera 
toxin  and  NAD  also  modify  two  other  defined  GTP-regulatory  proteins,  retinal 
GTP-ase  and  protein  synthesis  factor  eIF-2,  suggesting  that  a  common  topo- 
graphic feature  of  all  these  GTP-binding  proteins  is  recognized  by  toxin. 

Several  glucagon  analogues  have  been  synthesized  for  use  in  study  of 
interactions  of  this  hormone  with  its  cellular  targets;  these  include  dansy- 
lated,  photolabel -capable,  and  dinitrophenylated  proteins  as  well  as  a  glucagon 
derivative  covalently  coupled  to  Sepharose.  Study  of  the  dansylated  deriva- 
tive demonstrated  aggregation  at  concentrations  over  10".  M,  due  to  interactions 
in  the  carboxyl  terminal  segment  of  the  molecule.  The  photolabel  protein  is 
being  employed  in  attempts  to  solubilize  and  purify  the  glucagon  receptor,  as 
is  the  DNP- derivative,  using  anti-DNP  antibodies  and  protein  A  matrices. 
Initial  experiments  with  the  glucagon  affinity  matrix  demonstrate  that  it 
activates  adenylate  cyclase  and  competes  for  the  glucagon  receptor,  suggesting 
that  it  will  serve  well  in  attempts  to  isolate  the  receptor. 

Vitamin  Metabolism  Section 

The  investigations  of  the  Vitamin  Metabolism  Section  utilize  physical 
and  chemical  approaches  to  the  mechanism  of  action  of  pyridine  nucleotide 
dependent  enzymes,  particularly  dihydrofolate  reductase,  the  target  of  metho- 


trexate  and  other  antineoplastic  agents.  In  the  current  year,  structural 
studies  have  suggested  mechanistic  explanations  for  previously  documented 
kinetic  features  of  the  enzyme  in  several  areas. 

Kinetic  studies  have  shown  that  NaCl  either  activates  or  inhibits  cata- 
lytic activity  of  dihydrofblate  reductase,  depending  on  whether  MADPH  or  MADH 
respectively,  is  used  as  cof actor.  Chloride  binding  to  the  enzyme  has  been 
studied  by  NMR  measurements  of  relaxation  rates  of  -^^Cl  under  various  condi- 
tions. Ci'  and  NADP(H)  bind  competitively  and  exclusively  to  reductase.   In 
contrast,  CI'  and  N.'\D(H)  bind  independently,  although  NADH  displaces  bound_Cl 
when  methotre.xate  is  present.  Activation  of  dihydrofolate  reductase  by  CI 
with  .N.-\DPH  as  cofactor  may  be  due  to  facilitation  of  product  release. 

Chicken  liver  and,  to  a  lesser  extent,  bovine  liver  dihydrofolate  reduc- 
tases are  activated  by  organic  mercurials;  in  contrast,  bacterial  enzymes  are 
not  activated.  Sequence  studies  now  demonstrate  the  presence  of  a  single 
sulfhydiyl  group  near  the  amino -terminus  of  the  bovine  and  chicken  enzymes 
and  the  absence  of  any  cysteine  in  bacterial  reductases.  Although  the  sulf- 
hydryl  is  not  required  for  substrate  binding  or  the  catalytic  mechanism,  it 
is  very  likely  the  site  of  activation  by  mercurials. 

.Another  difference  between  the  bacterial  and  animal  enzymes  has  been 
demonstrated  in  studies  of  the  interaction  of  the  blue  dye,  Cibacron  blue 
F3GA,  with  these  proteins.  This  dye  has  commonly  been  thought  to  interact 
only  with  enzymes  possessing  a  "dinucleotide  fold".  However,  the  dye  binds 
with  a  1:1  stoichiometry  to  dihydrofolate  reductases  from  chicken  liver  and 
L.   :;assi .     Spectrophotometric  analysis  of  the  binding  shows  that  interaction 
with  the  chicken  enzN-me  occurs  in  an  electrostatic  fashion  at  the  dihydro- 
folate binding  site;  the  interaction  with  the  bacterial  enzyme  occurs  at  a 
site  overlapping  the  NADPH  and  dihydrofolate  binding  loci  (in  a  nonpolar 
fashion) . 

Solvent  perturbation  spectra  for  coenzymes  and  substrate  analogues  have 
been  compared  with  difference  spectra  for  the  same  ligands  bound  to  alcohol 
dehydrogenase;  results  suggest  a  composite  ionic  and  nonpolar  environment  for 
the  coenzymes  bound  to  the  protein.  Phosphorescence  spectra  have  been  measured 
for  ternary  complexes  of  enzyme,  coenzyme  and  substrate  analogue;  in  contrast 
to  the  suggestions  of  others,  these  measurements  demonstrate  that  ionization 
of  tyrosine  286  does  not  occur  in  the  ternary  complex.  Rather',  it  appears 
that  the  absorption  spectral  features  of  the  complexes  arise  from  a  partially 
ionic  nature  of  the  environment  of  the  bound  coenzyme. 

A  review  of  thermodynamic  parameters  for  protein-protein  and  protein- 
ligand  interactions  has  been  carried  out  to  extend  these  experimental  obser- 
vations. The  conclusion  of  this  extensive  analysis  of  literature  data  is 
that  most  important  types  of  interactions  leading  to  stability  of  both  types 
of  interactions  are  1)  van  der  Waals  interactions  and  2)  the  higher  stability 
of  hydrogen  bonds  in  the  relatively  low  polarity  environment  existing  in  the 
internal  regions  of  folded  proteins. 


Endocrinology  Section 

Hormonal  Regulation  of  Lipoprotein  Lipase  in  5T5-L1  Fat  Cells 

For  three  years  we  have  used  the  murine  3T3-L1  fibroblast  as  a  model  for 
studying  hormonal  regulation  of  lipoprotein  lipase.  Insulin  is  the  most  im- 
portant hormonal  factor  in  the  expression  of  the  fatty  phenotype  in  ijnmature 
cells,  development  of  lipoprotein  lipase  activity  and  accumulation  of  intra- 
cellular triacylglycerol .  We  found  in  mature  fat  cells  that  insulin  regulates 
lipoprotein  lipase  activity  by  stimulating  gene  expression  and  mRNA  synthesis 
independently  of  its  effects  on  transport  of  hexoses  and  amino  acids ,  by  stimu- 
lating hexose  transport  which  is  essential  for  expression  of  nuclear  effect  of 
insulin  at  the  translational  level,  and  stimulating  release  of  lipoprotein 
lipase  from  the  cells  by  a  process  that  is  independent  of  cellular  oxidative 
energy  and  not  inhibited  by  colchicine,  cytocholasin  or  cyclohexamide .  Recent 
findings  indicate  that  basal  and  insulin-stimulated  lipoprotein  lipase  activi- 
ties decline  equally  after  addition  of  uncouplers  of  energy  metabolism  (arsen- 
ate and  2,4-DNP)  in  either  the  presence  or  absence  of  cycloheximide ,  an 
inhibitor  of  protein  synthesis.  The  results  suggest  that  oxidative  energy 
(ATP)  generated  in  the  cell  affects  lipoprotein  lipase  activity  in  some  way 
that  is  independent  of  protein  synthesis. 

Cells  grown  in  the  presence  of  insulin  and  glucose  for  24  h  or  more  show- 
high  lipoprotein  lipase  activity.  In  contrast,  cells  grown  with  insulin  but 
without  glucose  show  only  low  activity  of  this  enzyme.  However,  when  glucose 
is  added  there  is  a  rapid  increase  in  enzyme  activity  to  values  similar  to 
those  in  cells  grown  with  insulin  and  glucose.  This  rise  does  not  occur  when 
glucose  is  fed  to  cells  grown  without  insulin,  and  the  rise  in  cells  pretreated 
with  insulin  is  much  faster  than  when  glucose  and  insulin  are  added  together. 
These  results  suggest  that  a  low-activity  form  of  the  enzyme  is  formed  under 
the  influence  of  insulin,  and  it  is  rapidly  converted  to  a  more  active  form 
when  glucose  is  also  present. 

To  further  explore  what  different  forms  of  lipoprotein  lipase  that  these 
cells  contain  and  how  these  forms  are  interconverted  we  needed  methods  to 
assay  enzyme  protein  independent  of  its  catalytic  activity.  Such  methods  are 
being  developed  by  Dr.  Thomas  Olivecrona  from  Umea,  Sweden  who  is  now  a  Visiting 
Scientist  in  our  laboratory.  Dr.  Olivecrona  had  earlier  purified  lipoprotein 
lipase  from  bovine  milk  by  established  methods  which  yielded  a  preparation  of 
high  purity.  This  was  used  as  antigen  for  immunization  of  several  different 
animals.  Chickens  were  found  to  give  antisera  which  cross -reacted  with  lipo- 
protein lipase  from  3T3-L1  cells.  Using  this  antiserum  brought  from  Sweden, 
we  are  currently  setting  up  methods  for  radioimmunoassay  of  the  enzyme  protein 
in  cell  fractions  of  3T3-L1  cells,  as  well  as  in  culture  media.  This  work  is 
presently  at  an  early  stage,  but  preliminary  data  indicate  that  there  are  only 
small  changes  in  the  amount  of  enzyme  protein  in  the  cells  under  the  conditions 
that  produce  rapid,  large  changes  in  enzyme  activity,  for  example,  when  glu- 
cose is  fed  to  cells  incubated  with  insulin,  or  when  the  energy  metabolism  of 
the  cells  is  inhibited  by  arsenate  and  2,4  dinitrophenol .  These  results 
support  the  hypothesis  that  there  is  interconversion  of  high  and  low  activity 
forms  of  lipoprotein  lipase  in  the  cells.  (S.S.  Chemick,  T.  Olivecrona  and 
R.O.  Scow) . 
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■■\ntibodies  to  Lipoprotein  Lipase  cf  3T5-L1  Fat  Cells 

Lipoprotein  lipase  released  to  incubation  medium  by  5T3-L1  fat  cells 
in  response  to  insulin  has  been  purified  by  affinity-chromatography  with  hepar- 
in-sepharose,  and  antibodies  to  the  purified  enzyme  have  been  raised  in  rabbits. 
One  rabbit,  given  10  booster  shots  in  one  year,  developed  a  very  high  titer 
of  antibody  against  the  enzyme.  Although  the  antibody  was  raised  against 
enzyme  secreted  into  the  medium,  it  reacted  with  both  rell  and  medium  lipo- 
protein lipase.  IgG  was  purified  from  this  antiserum  on  columns  of  DLAE-Affigel 
Blue  and  tested  against  cell  lipoprotein  lipase  activity;  20  yg  completely 
inhibited  3  mU  of  lipolytic  activity.  This  indicates  that  all  of  the  active 
enzyme  present  in  these  cells  reacts  with  antibody  raised  to  the  medium 
antigen.   (S.S.  Qiemick,  P.M.  Spooner  and  R.O.  Scow) 

Demonstration  of  Continuity  between  Plasma  Membrane  and  the  Membrane  of 
Endoplasmic  Reticulum 

We  developed  a  technique,  using  tannic  acid  (MIV  1700),  to  mark  the  extra- 
cellular compartment  of  tissues  and  we  have  used  it  to  mark  intracellular 
channels  open  to  the  extracellular  space  in  various  tissues.  Exposure  of 
tissue  to  tannic  acid  after  glutaraldehyde  fixation  results  in  increased 
electron  opacity  of  the  extracellular  space,  vesicles  and  channels  foiTned  by 
invaginations  of  plasma  membrane,  and  endoplasmic  reticulum.   In  adipocytes 
of  both  broun  and  white  adipose  tissue,  electron  opaque  material  was  found 
in  intracellular  channels  that  surround  triacylglycerol  droplets,  and  thus, 
these  channels  were  identified  as  endoplasmic  reticulum.  In  hepatoc\^es 
from  liver  of  diabetic  rats,  electron  opaque  material  was  found  in  the  lumen 
of  endoplasmic  reticulum,  some  of  which  contained  lipoprotein  particles.  In 
duodenal  cells  of  suckling  rats,  membrane -limited  tubules  originating  as 
invaginations  of  the  apical  plasma  membrane  also  contained  electron  opaque 
material.  Exposure  of  tissue  to  tannic  acid  after  aldehyde  fixation  precludes 
uptake  of  tannic  acid  by  active  micropinocytotic  transport.  In  our  study, 
tannic  acid  did  not  cross  membranes  of  aldehyde -fixed  tissue,  as  evidenced 
by  lack  of  increased  electron  opacity  within  the  cytoplasmic  matrix.  We  con- 
clude that  the  lumen  of  endoplasmic  reticulum  in  liver  and  adipose  tissue 
was  open  to  extracellular  space  when  the  tissues  were  exposed  to  tannic  acid 
(i.e.,  after  aldehyde  fixation).  Thus,  by  using  tannic  acid  as  an  extracellu- 
lar marker,  we  have  demonstrated  continuity  between  the  membrane  of  endoplasmic 
reticulum  and  plasma  membrane.   (E.J.  Blanchette-Mackie  and  R-.O.  Scow) 

Lipolysis  and  Lipid  Transport  in  Brown  Adipose  Tissue 

Our  studies  on  developing  white  adipose  tissue  showed  that  lipolytic 
products  formed  in  fixed  tissue  moved  laterally  in  a  continuum  of  cell  mem- 
branes to  sites  where  they  formed  lamellae  as  extensions  of  the  continuum. 
Thus,  in  developing  white  adipose  tissue,  lamellae  marked  the  route  proposed 
for  fatty  acid  transport  between  blood  and  adipocytes.  Similar  studies  were 
made  on  brown  adipose  tissue  to  determine  the  route  of  fatty  acid  transport 
within  cells  as  well  as  between  cells. 
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The  studies  were  made  in  brown  fat  of  8-12  old  rats,  some  of  which  were 
injected  with  chylomicrons  and  others  were  fasted  overnight  or  exposed  to  cold 
for  1  hr.  Fat  cells  in  brown  adipose  tissue  take  up  fatty  acid  from  triacyl- 
glycerol  in  blood  and  release  fatty  acid  from  cell  triacylglycerol  in  response 
to  fasting  and  to  reduced  ambient  temperature.  The  former  involves  the  action 
of  lipoprotein  lipase  and  the  latter  the  action  of  tissue  lipase  in  fat  cells. 
Adipose  tissue  was  fixed  in  glutaraldehyde  and  then  incubated  in  buffer  solu- 
tion at  25°C  for  varying  periods  of  iime.  Tissue  was  taken  for  biochemical 
analyses  after  fixation  and  after  incubation.  Tissue  for  morphological  analy- 
sis was  osmicated  either  immediately  after  aldehyde  fixation  or  after  incu- 
bation. Morphological  findings  in  these  tissues  showed  that  spiralling 
lamellae  developed  during  incubation,  between  cells  and  within  cells.  Morpho- 
metric  studies  of  electron  micrographs  showed  that  the  amount  of  lamellae 
increased  with  incubation  time  and  that  location  of  lamellae  varied  with  both 
incubation  time  and  metabolic  state  of  the  tissue  donor.   In  tissue  of  fed 
rats  injected  with  chylomicrons,  lamellae  developed  first  extracellular ly, 
between  fat  cells  and  endothelium,  whereas  in  tissue  of  fasted  rats  and  rats 
exposed  to  cold,  lamellae  developed  first  intracellularly,  near  mitochondria. 
We  conclude  that  lamellae  found  in  fixed-brown  adipose  tissue  from  fed  rats 
represent  accumulations  of  lipolytic  products  moving  from  fat  cells  along  an 
intercellular  continuum  of  membranes  between  endothelial  cells  and  fat  cells, 
whereas  those  in  tissue  from  fasted  and  cold-exposed  rats  represent  lipolytic 
products  moving  along  an  intracellular  continuum  of  membranes  extending  from 
triacylglycerol  droplets  to  mitochondria.   (E.J.  Blanchette-Mackie  and  R.O. 
Scow) 

Transport  of  Lipolytic  Products  from  Blood  to  Mitochondria  in  Heart  by  Lateral 
Movement  in  a  Continuum  of  Cell  Membranes 

Our  group  has  developed  a  model  for  transport  of  fatty  acids  from  chylo- 
microns in  capillaries  to  parenchymal  cells  in  extrahepatic  tissue  by  lateral 
movement  in  an  interfacial  continuum  composed  of  the  chylomicron  surface  film 
and  the  outer  leaflets  of  plasma  and  intracellular  membranes  of  endothelial 
and  parenchymal  cells .  Morphological  evidence  for  this  model  was  recently 
found  in  electron  microscopic  study  of  heart  of  young  rats  and  was  reported 
last  year. 

Our  study  of  fatty  acid  transport  in  heart  has  been  extended  to  include 
adult  rat  heart.  Heart  tissue  from  adult  rats  injected  with  chylomicrons  was 
fixed  in  cold  glutaraldehyde,  incubated  0  or  30  min  at  25° C,  and  processed 
for  electron  microscopy.  Because  of  the  high  level  of  lipoprotein  lipase 
activity  in  heart,  hydrolysis  of  chylomicrons  occurred  during  fixation  and 
caused  development  of  lamellar  structures  in  rapillary  lumen,  endothelium, 
extracellular  space  and  myocytes  in  unincubated  tissue.  Incubation  for  30 
min  increased  markedly  the  amount  of  lamellar  whorls  present  in  the  lumen  of 
sarcoplasmic  reticulum,  especially  near  mitochondria  and  lipid  droplets. 
Lamellae  were  also  found  in  the  space  of  the  nuclear  envelope.  Heart  tissue 
incubated  in  glucose-free  medium  before  being  fixed  with  glutaraldehyde  con- 
tained lamellar  whorls  inside  mitochondria,  between  the  outer  and  inner  mito- 
chondrial membranes.  Our  findings  in  these  and  other  tissues  indicate  that 
the  lamellar  structures  represent  fatty  acids  formed  by  lipolysis  in  fixed 
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tissue.  We  conclude  that  fatty  acids  located  and  spread  in  an  interfacial 
continuum  of  cell  membranes  running  from  capillary  lumen  to  sarcoplasmic 
reticulum  and  mitochrondria  of  myocytes,  and  when  overcrowding  occurred, 
fatty  acids  formed  lamellar  extensions  of  the  continuum  marking  its  course 
through  the  tissue. 

We  propose  that  fatty  acids  are  transport  in  vivo   from  blood  to  heart 
by  lateral  movement  in  an  interfacial  continuum  composed  of  the  outer  (luminal) 
leaflets  of  plasma  membrane  of  endothelium,  the  membrane  of  transendothelial 
channels,  plasma  membrane  of  myocytes,  sarcoplasmic  reticulum,  and  the  outer 
mitochondrial  membranes  in  m>'ocytes.  Continuity  of  the  interfacial  plane 
benveen  cells  would  be  achieved  by  fusion  of  the  outer  leaflet  of  plasma  mem- 
brane of  one  cell  with  that  of  the  adjacent  cell.  Fatty  acids  derived  from 
blood  would  be  either  esterified  to  triacylglycerol  in  sarcoplasmic  reticulum 
or  oxidized  in  mitochondria.  Triacylglycerol,  by  virtue  of  its  low  spreading 
pressure,  would  accumulate  as  lipid  droplets  (lenses)  between  leaflets  of  the 
reticulum.  We  proposed  that  esterification  of  fatty  acids  and  hydrolysis  of 
intracellular  triacylglycerol  both  take  place  in  the  luminal  leaflet  of  sarco- 
plasmic reticulum,  and  that  this  leaflet  is  continuous  with  the  luminal  leaflet 
of  the  external  mitochondrial  membrane.  Fatty  acids  destined  for  storage  as 
triacylglycerol  would  be  activated  in  sarcoplasmic  reticulum,  whereas  those 
destined  for  immediate  oxidation  would  be  activated  in  the  outer  mitochondrial 
membrane.  Transfer  of  fatty  acyl-CoA  from  the  luminal  leaflet  of  the  outer 
mitochondrial  membrane  may  be  related  to  the  low  spreading  pressure  of  fatty 
acyl-CoA,  which  is  much  less  than  that  of  fatty  acids  or  other  lipids  in 
membranes.  Thus,  fatty  acids  flowing  into  mitochondria  would  force  fatty 
acyl-CoA  from  the  outer  mitochondrial  membrane  into  the  aqueous  environment 
of  the  intermembrane  space,  to  be  transferred  to  the  inner  mitochondrial 
matrix  for  oxidation.   (M.S.  Wetzel  and  R.O.  Scow) 

Watching  Fatty  Acids  Ionize 

Long  chain  fatty  acids  are  transported  in  blood  and  food  and  stored  in 
tissues  primarily  as  constituents  of  triacylglycerol.  Transfer  of  the  fatty 
acyl  moieties  into  intestinal  cells,  across  capillary  endothelium,  and  within 
cells  requires  enzymatic  hydrolysis  of  the  triacylglycerol  to  fatty  acids. 
Fatty  acids  are  protonated  during  hydrolysis  and  become  ionized  at  physio- 
logical pH. 

We  have  been  studying  ionization  of  oleic  acid  with  lipid  monolayer 
techniques  and  phase  microscopy.  Oleic  acid,  an  unsaturated  long  chain  fatty 
acid,  applied  in  excess  to  the  surface  of  water  forms  lenses  and  a  lipid  mono- 
layer on  the  surface  at  a  pressure  of  30  dynes/cm.  IVhen  pH  of  the  aqueous 
phase  is  increased  to  8.5,  surface  pressure  of  the  monolayer  increased  to  45 
dynes/cm.  Lenses  of  oleic  acid  on  the  surface  of  0.1  M  Tris  solution  at  pH 
7.5-8.5  form  initially  a  shell  at  the  oil-water  interface,  and  then  long 
thread-like  structures  that  extend  great  distances  from  the  lens.  We  have 
studied  these  phenomena  with  phase  microscopy  by  injected  oleic  acid  with 
water  into  a  Dvorak  cell  culture  chamber,  thereby  attaching  droplets  of  oleic 
acid  to  the  undersurface  of  the  upper  cover  slip  of  the  chamber,  and  then 
infusing  various  aqueous  solutions  into  the  chamber.  Morphological  changes 
were  recorded  with  still  and  motion  photography. 


Droplets  of  oleic  acid,  2-4  microns  in  diameter,  became  surrounded 
immediately  with  long  filaments  and  decreased  in  size  when  1  luM  NH4OH  solution 
(pH  =  10.3)  was  infused.  The  filaments  remained  intact  for  hours.  However, 
they  broke  up  into  numerous  short  strands  if  the  solution  was  infused  too 
rapidly.  When  NH4CI  solution  at  pH  8.5  was  infused,  oleic  acid  droplets 
formed  initially  fine  filaments,  and  then  long  thicker  projections  that  con- 
tinued to  grow  or  coil  up  and  return  to  the  body  of  the  droplet.  During  these 
transformations,  the  oil  droplets  decreased  in  size,  and  were  either  replaced 
by  larger  opaque  discs  or  enclosed  by  irregular- shaped  opaque  structures. 
When  pH  of  the  solution  was  7.5-8.0,  the  finger-like  (myelin)  structures 
developed  more  slowly  and  lasted  longer.  The  extensions  remained  attached 
to  the  initial  droplet  unless  severed  by  mechanical  force.   Infusion  of  1  miM 
HCl,  pH  3.0,  caused  immediate  dissolution  of  the  fingers  with  reappearance  of 
the  original  droplet.  These  findings  indicate  that  ionized  oleic  acid  immed- 
iately enters  and  extends  the  oil -water  interface,  by  virtue  of  its  spreading 
pressure  being  higher  than  that  of  protonated  oleic  acid,  and  that  growth  of 
the  interface  results  in  the  formation  of  filaments  and  finger- like  structures 
(myelin  figures).  The  findings  also  indicate  that  very  little,  if  any,  of  the 
ionized  fatty  acids  desorb  as  monomers  into  the  aqueous  phase.  (R.O.  Scow) 

Accumulation  of  Lipid  in  Myocytes  of  Muscular  Arteries 

We  have  been  studying  factors  involved  in  accumulation  of  lipid  in  myo- 
cytes of  small  arteries.  Our  earlier  studies  sho;ved  that  excess  lipid  deposi- 
tion in  arteries  of  experimental  diabetic  rats  was  related  to  high  plasma  FFA 
concentrations.  We  recently  infused  normal  rats  with  emulsified  triacylgly- 
cerol  (Intralipid)  and  heparin  to  produce  a  high  level  of  FFA  in  plasma. 
Morphological  study  of  the  dorsal  pedal  artery  from  these  animals  showed  that 
lamellar  structures  were  present  in  the  artery,  suggesting  that  lipoprotein 
lipase  was  active  in  this  tissue.  Subsequently,  we  infused  normal  animals 
with  only  emulsified  triacylglycerol  and  studied  the  artery  for  evidence  of 
lipase  activity.  The  tissues  were  fixed  with  cold  glutaraldehyde  and  incu- 
bated 0  or  30  min  at  25°C  before  being  postfixed  with  OSO4 .  Lipid  droplets 
were  present  in  unincubated  tissue,  in  the  arterial  lumen  associated  with 
arterial  endothelial  cells,  and  in  medial  smooth  muscle  cells.  Lamellar 
structures  were  found  in  incubated  tissue,  at  the  luminal  surface  of  endo- 
thelial cells,  in  endothelium,  in  extracellular  space,  and  in  smooth  muscle 
cells.  Neither  lipid  droplets  nor  lamellae  were  found  in  arteries  of  unin- 
fused  rats.  These  preliminary  findings  indicate  that  infusion  of  triacyl- 
glycerol causes  lipid  accumulation  in  smooth  muscle  cells  of  small  arteries. 
They  also  suggest  that  development  of  lamellae  in  incubated  fixed  arteries 
results  from  lipolytic  products  formed  by  lipoprotein  lipase  at  the  endo- 
thelial surface  of  muscular  arteries.  These  findings  suggest  that  fatty 
acids  may  be  an  rmportant  source  of  energy  for  muscular  contraction  in  small 
arteries.   (A.  Reinila,  E.J.  Blanchette-Mackie  and  R.O.  Scow) 

Uptake  of  Cholesterol  by  Cultured  Cells 

Uptake  of  cholesterol  from  low  density  lipoprotein  (LDL)  and  its  accumu- 
lation in  esterified  form  in  lipid  deposits  in  arteries  is  an  important  prob- 
lem in  human  disease.  We  are  studying  the  mechanism  of  this  process,  particu- 


larly  the  transport  o£  cholesterol  in  membranes  and  the  effect  of  fatty  acids 
on  deposition  of  cholesteryl  ester  in  cultured  cells.  We  have  examined  uptake 
of  LDL-cholesterol  by  various  types  of  cells  to  find  one  which  accumulates 
cholesteryl  esters  and  other  lipids. 

1.  3T5-L1  cells,  after  differentiating  into  adipocytes,  accumulate  large 
amounts  of  triacylglycerol  as  lipid  droplets,  but  we  have  found  no  evidence  of 
any  net  retention  of  cholesterol  or  cholesteiyl  ester  from  LDL.  Studies,  per- 
formed by  Dr.  Jeffrey  M.  Hoeg,  to  measure  binding  of  LDL  indicate  virtual 
absence  of  receptors  for  LDL  on  the  membranes  of  these  cells. 

2.  Human  Monocytes  had  no  change  in  cholesteryl  ester  content  after 
short-term  inciobation  with  modified  LDL.  It  is  possible  that  longer  incu- 
bations, coupled  with  exposure  to  much  higher  levels  of  acetyl  LDL,  might 
yield  different  results. 

3.  J774  Macrophage,  an  established  and  well  characterized  line  of  macro- 
phages, accumulated  large  amounts  of  cholesterol  and  cholesteryl  ester  when 
incubated  with  acetyl  LDL  for  4  d.  Experiments  are  now  under  way  to  determine 
the  relationship  between  accumulation  of  cholesteryl  ester  and  that  of  triacyl- 
glycerol.  (T.  Briggs ,  S.S.  Chemick  and  R.O.  Scow) 

Pharyngeal  Lipase 

We  have  continued  our  efforts  to  purify  pharyngeal  lipase  from  homo- 
genates  of  rat  lingual  serous  glands.  Considerable  effort  was  made  to  isolate 
secretory  granules  by  differential  centrifugation,  but  the  results  were  too 
erratic.  Several  attempts  were  made  to  isolate  the  enzyme  by  binding  it  to 
substrate,  triacylglycerol,  but  they  too  were  unsuccessful.  A  five-fold 
purification  of  lipolytic  activity,  with  11%   yield,  has  been  obtained  by 
precipitation  with  60%  saturated  (NH-^)2S04  solution  from  a  100,000  x  g  super- 
nate  prepared  from  a  850  x  g  supemate  of  tissue  homogenate,  dissolving  in 
0.015  M  citrate-phosphate  buffer  solution  (pH  5.4),  and  precipitation  with 
cold  acetone.  This  preparation  will  be  used  for  furthc-r  purification  or 
pharyngeal  lipase.   (R.B.  Field  and  R.O.  Scow) 
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Metabolism  of  Fat-Soluble  Vitamins 

Last  year  we  reported  that  two  different  forms  of  dietiary  vitamin  A  — 
retinol  and  retinoic  acid  —  had  markedly  different  effects  on  the  intesti- 
nal absorption  of  vitamin  E.   Retinoic  acid  in  the  diet  causes  an  approxi- 
mately 50%  reduction  in  the  absorption  of  a-tocopherol .   In  further  studies 
of  this  interaction  between  two  fat-soluble  vitamins,  we  have  found  that 
this  effect  of  retinoic  acid  occurs  with  both  free  and  esterified  a-tocopherol, 
hence  the  obligatory  hydrolysis  of  the  ester  is  not  a  factor.   Rats  were 
fed  diets  containing  retinol  or  retinoic  acid  (3  mg/kg  diet)  and  vitamin  E 
as  either  free  or  esterified  a-tocopherol  for  three  weeks.   Analyses  at  this 
time  of  plasma  and  liver  for  a-tocopherol  showed  a  similar  diminution  in 
both  tissues  in  rats  fed  retinoic  acid  with  either  form  of  a-tocopherol. 
Analyses  of  feces  for  the  last  five  days  revealed  that  whereas  retinol  rats 
excreted  33%  of  either  form  of  ingested  a-tocopherol,  retinoic  acid  rats  ex- 
creted 67%.   In  addition  to  decreasing  absorption,  retinoic  acid  promoted 
twice  as  much  oxidation  of  a-tocopherol  to  a-tocdpheryl  quinone  in  the  in- 
testinal contents.   This  was  shown  by  thin  layer  chromatographic  analysis 
of  a  lipid  extract  of  intestinal  contents  after  an  oral  dose  of  H-a-tocoph- 
erol. 

In  considering  the  mechanism  of  how  retinoic  acid  interferes  with  to- 
copherol absorption,  we  looked  at  bile  output  and  also  bile  acid  composition. 
(It  is  well-established  that  bile  is  essential  for  tocopherol  absorption) . 
Rats  fed  retinol  or  retinoic  acid  for  two  weeks  had  their  bile  ducts  cannu- 
lated.   Collection  of  bile  for  two  hours  revealed  no  difference  in  output 
between  the  two  groups.   Analyses  of  the  bile  by  thin  layer  chromatography 
yielded  four  separate  bile  acids.   Quantification  showed  no  differences 
in  any  of  these  components  due  to  feeding  retinol  or  retinoic  acid. 

It  was  recalled  that  twenty  years  ago  Matschiner  and  Doisy  in  studying 
the  antagonism  between  excess  dietary  retinol  and  vitamin  K  showed  that 
addition  of  bile  salt  to  the  diet  overcame  the  hemorrhagic  effect  of  retinol. 
When  we  added  0.2%  taurocholic  acid  to  the  diet  of  rats  receiving  retinoic 
acid,  the  previously  observed  action  of  retinoic  acid  in  inhibiting 
a-tocopherol  absorption  was  eliminated.   At  this  time,  we  conclude  that  re- 
tinoic acid,  due  to  its  amphophilic  properties,  in  some  manner  interferes 
with  the  formation  of  mixed  micelles  necessary  for  tocopherol  absorption. 
(J.  Bieri) . 

Other  continuing  studies  have  determined  the  utilization  of  vitamins  A 
and  E  given  by  total  parenteral  nutrition  (TPN)  to  rats.   The  concentration 
of  the  vitamins  in  the  commercial  solution  used  clinically  had  to  be  in- 
creased several  fold  in  order  to  overcome  the  previously  reported  adsorption 
by  the  plastic  tubing.   Male  rats  fitted  with  cannulas  in  the  jugular  vein 
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were  infused  with  a  complete  nutrient  solution.   Control  rats  were  sham- 
operated  and  given  the  same  volume  of  TPN  solution  to  drink.   All  rats  had 
been  depleted  of  vitamins  A  and  E  for  two  months  prior  to  experiment.   At  the 
end  of  seven  days  of  TPN  or  oral  feeding,  tissues  were  analyzed  for  the  two 
vitamins.   The  percents  of  administered  vitamins  that  were  stored  in  the  liv- 
er were:   vitamin  A,  72%  and  36%;  vitamin  E,  5.1%  and  1.8%  for  TPN  and  oral 
feeding,  respectively.   Both  routes  of  administration  gave  similar,  normal 
blood  concentrations  for  both  vitamins.   This  study  shows  that  vitamins  A 
and  E  given  intravenously  as  part  of  total  parenteral  nutrition  are  more 
efficiently  retained  by  tissues  than  the  same  amount  of  the  vitamins  given 
orally.   Part  of  this  difference,  however,  is  due  to  the  inefficient  intes- 
tinal absorption  of  these  vitamins,  particularly  vitamin  E.   (M.  McKenna) . 

Source  and  Fate  of  Circulating  Cltrulline 

Arginine  is  required  by  all  tissues  for   protein   biosynthesis  and  by 
some  tissues  also  as  an  amidine  donor  in  transamidination  reactions,  as  in 
creatine  biosynthesis.   Although  young  animals  require  dietary  arginine  for 
optimal  growth,  the  arginine  needs  of  adults  can  be  met  by  endogenous  biosyn- 
thesis.  The  endogenous  arginine  sources  for  most  tissues  have  remained  uncer- 
tain, however.   The  liver  synthesizes  large  amounts  of  arginine,  but  none  is 
released  into  the  circulation  owing  to  the  high  level  of  hepatic  arginase, 
which  catalyzes  the  hydrolysis  of  arginine  to  urea  and  ornithine.   Arginine 
can  also  be  synthesized  by  the  kidneys,  and  kidneys  are  known  to  release  argi- 
nine into  the  blood.   Kidneys,  unable  to  synthesize  arginine  de  novo ,  depend 
upon  a  supply  of  its  immediate  precursor,  citrulline.   It  has  long  been 
thought  that  the  citrulline  utilized  for  renal  arginine  biosynthesis  is  pro- 
duced in  the  liver. 

Work  from  our  laboratory  in  the  last  few  years  has  shown,  meanwhile,  that 
there  is  a  continuous  release  of  citrulline  into  the  circulation  from  the  mu- 
cosal epithelial  cells  of  the  small  intestine,  where  the  nitrogen  and  part  of 
the  carbon  for  citrulline  production  is  derived  from  the  continuous  catabo- 
lism  of  plasma  glutamine.   Glutamine,  in  turn,  is  a  major  end-product  of  amino 
acid  catabolism  in  skeletal  muscle.   In  order  to  assess  the  physiologic  im- 
portance of  the  intestinal  citrulline  contribution  and  to  reevaluate  the  im- 
portance of  the  liver,  we  have  quantified  citrulline  uptake  and  release  by 
these  two  organs,  by  the  kidneys,  and  by  other  organs  of  rats.   Using  vascu- 
larly  autoperfused  segments  of  rat  jejunum,  it  was  shown  that  the  rate  of  in- 
testinal citrulline  release  into  the  circulation  was  quite  constant,  being 
the  same  whether  the  intestinal  lumen  contained  a  meal  or  whether  it  was  emp- 
ty.  Intestine  was  found  to  be  incapable  of  converting  citrulline  to  arginine; 
thus  all  the  citrulline  produced  was  released  into  the  hepatic  portal  circu- 
lation.  Studies  with  isolated  perfused  rat  livers  showed  that  very  little  of 
the  intestinally-released  citrulline  was  taken  up  by  the  liver.   More  than 
99%  passed  through  the  liver  and  became  available  to  other  body  tissues. 
Additional  perfusion  studies  showed  that  there  was  also  no  net  hepatic  re- 
lease of  citrulline  under  a  variety  of  physiological  conditions,  even  when 
liver  was  supplied  with  large  quantities  of  amino  acids  and  ammonia  in  the 
presence  or  absence  of  added  insulin  or  glucagon.   The  hepatic  release  of 
citrulline  observed  by  earlier  workers  could  be  explained  by  the  grossly 
high,  unphysiological  concentrations  of  ornithine  and  ammonia  to  which  the 
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livers  were  exposed  in  their  studies. 

Arteriovenous  difference  measurements  across  the  kidneys  of  fed  or  fast- 
ed rats  revealed  (a)  an  uptake  of  citrulline  approximately  equivalent  to  the 
rate  of  intestinal  citrulline  release,  and  (b)  a  rate  of  renal  arginine  re- 
lease equivalent  to  about  80%  the  rate  of  citrulline  uptake.   Arteriovenous 
difference  measurements  across  a  number  of  other  tissues  or  body  regions 
failed  to  identify  other  significant  sites  for  citrulline  produc::ion  or 
utilization.   Furthermore,  exclusion  of  the  intestine  from  the  circulation 
caused  a  30%  decrease  in  the  blood  citrulline  concentration  within  5  minutes, 
with  little  subsequent  change;  nephrectomy  produced  a  17%  increase.   The  re- 
sults identify  the  intestine  as  a  quantitatively  important  source  of  circu- 
lating citrulline  and  identify  the  kidneys  as  the  important  site  of  utiliza- 
tion.  However,  when  the  blood  citrulline  level  is  artificially  elevated  or 
depressed,  other  tissues  can  assume  a  role  in  citrulline  exchange.   Further 
experiments  to  study  the  fate  of  intravenously-administered  ^^C-labeled  cit- 
rulline were  complicated  by  the  very  rapid  rate  of  equilibration  of  the  amino 
acid  between  the  plasma  and  the  extravascular  space — 70%  of  the  dose  was 
lost  from  blood  in  one  minute. 

These  studies  have  challenged  the  assumed  importance  of  the  liver  as  a 

source  of  circulating  citrulline  and  revealed  a  cooperativity  between  the 

small  intestine  and  kidneys  in  supplying  the  tissues  with  arginine. 
(H.  Windmueller) 

Biosynthesis  and  Heterogeneous  Metabolism  of  Variant  Forms  of  Plasma 
Apolipoprotein  B 

Apolipoprotein  B  (apoB)  is  a  major  protein  constituent  of  the  plasma 
very  low  density  lipoproteins  (VLDL)  and  low  density  lipoproteins  (LDL)  ,  the 
major  triglyceride  and  cholesterol  transport  vehicles  in  human  blood.   ApoB 
is  synthesized  by  liver  and  small  intestine,  the  sources  of  VLDL,  and  is 
required  for  VLDL  assembly  or  secretion  by  these  tissues.   It  also  functions 
in  lipoprotein  metabolism,  by  interacting  with  specific  cell-surface  recep- 
tors, thereby  initiating  lipoprotein  endocytosis  and  catabolism  in  various 
tissues.   It  was  reported  recently  that  plasma  VLDL  and  LDL  contain  two  vari- 
ant forms  of  apoB  differing  in  size  and  in  immunological  reactivity  with  cer- 
tain antisera.   Large  apoB  (apoB;^)  and  small  apoB  (apoBg)  in  the  rat  have 
apparent  molecular  weights  of  approximately  335,000  and  240,000  respectively. 

We  have  now  determined  the  ability  of  rat  small  intestine  and  rat  liver 
to  synthesize  each  apoB  variant.   We  employed  isolated,  vascularly  perfused 
preparations  of  each  tissue  and  also  a  double-isotope  technique  that  differ- 
entially labels  the  protein  products  of  the  two  organs  in  vivo .   Results 
showed  that  the  apoB  of  intestinally-made  VLDL  is  >  95%  apoBg ;  intestine  made 
only  a  trace  amount  of  apoBj  .   Liver,  on  the  other  hand,  synthesized  both 
apoB  variants  in  abundance.   The  hepatic  apoB^ /apoBn  production  ratio  varied 
with  the  physiological  state  of  the  animal,  suggesting  metabolic  regulation. 
This  may  be  important  because  it  was  also  found  that  the  two  variants  were 
differently  metabolized.   The  circulating  residence  time  of  hepatic  apoB^ 
was  2.4-times  as  long  as  that  of  hepatic  apoBg .   ApoBg  of  intestinal  origin 
disappeared  from  blood  even  more  rapidly  than  that  from  liver. 
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The  physiological  significance  of  these  results  remains  to  be  determined,   y 
However,  findings  from  other  laboratories  suggest  that  the  apoB  variants 
play  a  role  in  determining  the  site  of  final  catabolism  of  partially  metabo- 
lized VLDL  particles.   During  the  initial  stages  of  their  metabolism  in  peri- 
pheral tissues,  apoBL-containing  particles  yield  LDL  which  bind  to  and  are 
catabolized  by  a  variety  of  cell  types,  a  process  important  in  regulating 
cholesterol-genesis  in  these  cells.   Meanwhile,  apoBg-containing  VLDL  yield 
remnants  which  are  cleared  and  catabolized  by  the  liver.   Therefore,  if  the 
apoB^/apoBg  production  ratio  in  liver,  the  major  source  of  apoB,  is  under 
physiological  control,  a  mechanism  is  suggested  for  regulating  the  metabolic 
fate  of  cholesterol  and  perhaps  triglyceride  produced  by  the  liver. 
(A.-L.  Wu  and  H.  Windmueller) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  dansylated  derivative  of  glucagon  has  been  prepared  and  purified.  Using 
this  compound  it  was  found  that  glucagon  exliibits  concentration  dependent  self- 
association  at  concentrations  above  lO'^M.  This  aggregation  effect  was  found 
to  be  dependent  on  the  C-terminal  region  of  the  molecule.  A  photoaffinity 
derivative  of  glucagon  has  been  prepared.  Preliminary  studies  sho^vn  that  it  is 
incorporated  into  a  protein  of  approximately  60,000  MW.  Using  a  dinitropheny- 
lated  derivative  of  glucagon,  solubilization  and  purification  of  the  glucagon 
receptor  has  been  attempted.  A  glucagon  affinity  column  also  has  been  prepared. 
The  solid  phase  synthesis  of  glucagon  is  being  attempted  employing  very  mild 
synthetic  and  cleavage  conditions.  A  protein  kinase  peptide  has  been  synthe- 
sized in  which  a  tryptophan  residue  has  been  introduced.  This  peptide  shows 
increased  fluorescence  on  phosphorylation,  thus  providing  a  highly  sensitive 
assay  of  c-AVff" -dependent  protein  kinase  and  phosphoprotein  phosphatase  activi- 
ties. 
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Project  No.  ZOl  AM  15001-07  LNE 
Project  Description 

Objectives :  A  major  goal  o£  this  project  is  to  determine  the  structural 
requirement  for  glucagon  binding  and  action  at  its  receptor.  Such  knowledge 
yields  the  possibility  o£  synthesizing  inhibitory  derivatives  o£  the  hormone 
and  a  means  o£  attaching  the  hormone  to  its  receptor  £or  identification  and 
purification. 

Methods  Employed:  The  solid  phase  method  was  employed  for  peptide  synthesis. 
For  the  synthesis  of  the  kinase  peptide  conventional  methodology  [Boc  protection 
etc.)  was  used.  In  the  synthesis  of  glucagon  protection  groups  which  could  be 
cleaved  under  mild  conditions  (Fmoc,  t -Butyl)  have  been  used.  Purification  of 
peptides  has  been  by  HPLC.  The  photolabeled  glucagon  derivative  was  prepared 
by  reacting  the  native  hormone  with  4-azidobenzimidate.  The  fluorescent  analog 
was  made  by  reacting  N-dansylaziridine  with  2-thioltryptophan  glucagon.  The 
glucagon  affinity  column  was  prepared  by  reacting  2-thioltryptophan  glucagon 
with  thiolpropyl  Sepharose  6B. 

Maj or  Findings :  The  dansylated  glucagon  showed  the  same  biological  proper- 
ties as  the  native  hormone.  The  CD  spectrum  of  the  compound  was  similar  to 
that  of  the  native  hormone  indicating  little  pertubation  of  the  hormone  when 
this  group  is  incorporated.  The  concentration  dependent  self -association  of 
glucagon  was  studied  using  the  fluorescent  derivative.   It  was  found  that  gluca- 
gon aggregates  at  concentrations  as  low  as  lO'-^M.  This  is  two  orders  of  magni- 
tude lower  than  has'  been  previously  seen;  the  increased  sensitivity  is  due  to 
the  incorporation  of  the  dansyl  group.  The  concentration  dependent  self -associ- 
ation effect  was  found  to  reside  in  the  C-terminal  region  of  the  molecule; 
glucagon,  ^ -,  had  no  effect  on  the  spectrum  of  dansyl  glucagon. 

The  photoaffinity  labeled  glucagon  was  2 -fold  less  potent  than  the  native 
hormone.  On  incubation  of  the  photolabeled  glucagon  with  BSA  followed  by  photo- 
lysis, the  peptide  could  be  covalently  attached  to  BSA.  If  the  photolabeled 
glucagon  was  photolysed  prior  to  incubation  with  BSA,  no  incorporation  occurred. 
When  photoglucagon  was  incubated  with  liver  plasma  membranes  and  photolysed, 
the  peptide  was  incorporated  into  a  protein  of  60,000  MIV  as  seen  on  SDS-PAGE. 
A  dinitrophenylated  derivative  of  glucagon  was  found  to  react  with  DNP-anti- 
body.  This  complex  could  then  react  with  a  protein-A  column.  Using  the  above 
steps,  solubilization  and  purification  of  the  glucagon  receptor  was  explored. 
A  major  problem  in  this  purification  approach  was  the  development  of  an  assay 
to  test  for  a  solubilized  glucagon  receptor.  A  glucagon  affinity  column  which 
was  prepared  was  found  to  be  able  to  activate  hepatic  adenylate  cyclase  and 
to  compete  with  ^^^I -glucagon  for  the  glucagon  receptor. 

The  peptide  Leu-Arg-.Arg-Trp-Ser-Leu-Gly  was  synthesized.  Phosphorylation 
of  the  peptide  caused  a  20%  increase  in  the  peptide  fluorescence  intensity  at 
358  nm.  The  phosphorylated  peptide  was  shown  to  be  an  effective  substrate  for 
phosphoprotein  phosphatase.  Changes  in  the  peptide  fluorescence  intensity  as 
a  function  of  its  phosphorylation  state  provided  a  highly  sensitive  assay  of 
cAMP -dependent  protein  kinase  and  phosphoprotein  phosphatase  activities . 
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Project  No,  ZOl  AM  15001-07  L\E 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Studies  of  the  structure-function  relationships  in  hormones  are  essential  for 
understanding  the  mechanism  of  action  of  hormones  at  their  receptors  and  for 
understanding  the  physical  properties  of  these  biologically  important  agents. 
Potentially  such  information  can  give  insights  for  the  chemical  synthesis  of 
new  forms  of  the  hormone  that  can  be  used  for  understanding  the  molecular  basis 
of  hormone  action  and  for  clinical  purposes. 

Proposed  Course  of  Project:  The  total  synthesis  of  glucagon  is  undera>?ay. 
New  protecting  groups  for  arginine  are  being  explored  since  this  residue  is  a 
major  problem  in  a  synthesis  which  will  employ  mild  cleavage  conditions.  Once 
the  synthesis  of  the  hormone  is  completed,  analogs  will  be  synthesized.  New 
protein  kinase  peptides  will  be  synthesized  in  which  a  dansyl  group  will  be 
incorporated  into  the  molecule;  this  should  give  increased  sensitivity  for 
studying  the  phosphorylation  process.  Further  studies  involving  the  purifica- 
tion of  the  glucagon  receptor  using  a  combination  of  photoaffinity  labeling, 
glucagon  affinity  columns  and  the  DNP  glucagon  DNP -antibody  complex  are  antici- 
pated. 

Publications 


c 


Wright,  D.E.  and  Rodbell,  M. :  The  introduction  of  sulfhydryl  groups  into 
glucagon  and  their  use  in  the  semisynthesis  of  new  glucagon  derivatives.     ^ 
Proceedings  of  the  Seventh  .American  Peptide  S>Tnposium,  in  press.  I 

Wright,  D.E. ,  Noiman,  E.S.,  Chock,  P.B.  and  Chau,  V.:  Novel  fluorimetric 
assay  for  adenosine  3' ,5' -monophosphate  dependent  protein  kinase  and 
phosphoprotein  activities.  Proc.  Natl.  Acad.  Sci.  USA,  in  press. 


26 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  ust  thl»  »p«ct) 


U,S.  DEPARTMENT  Of 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
MOTICE  Of 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

Ml     AM     15004-06     LNE 


PERIOD  COVERED 

October  1,  1980  through  September  30,  1981 

TITLE   Of    PROJECT    (80   characters    or   less) 


Regulation  o£  Hormone  Responsive  System  in  Cultured  Cells 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 

P.I.:     Michael  C.  Lin       Research  Chemist      LNE  NIADDK 
Other:    Suzanne  K.  Beckner    Staff  Fellow         LNE  NIADDK 


COOPERATING  UNITS  (if  any) 

None 


lab/branch 

Laboratory  of  Nutrition  and  Endocrinology 


SECTION 

Section  on  Membrane  Regulation 


INSTITUTE  AND  LOCATION 

NIADDK,  NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 


1.2 


PROFESSIONAL: 
1.2 


OTHER: 


CHECK  APPROPRIATE  BOX(ES) 
n  (a)   HUMAN  SUBJECTS 

n  (al)  MINORS   n  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


[3  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  found  that  the  loss  of  glucagon  receptors  and  response  in  a 
cloned  line  of  transformed  MDCK  cells  (a  dog  kidney  line  transformed  by  Har- 
vey's murine  sarcoma  virus)  can  be  reversed  by  butyrate,  a  differentiation 
inducer,  or  by  prostaglandin  E.  when  cells  were  cultured  in  a  chemically  defined 
medium.  A  phosphodiesterase  inhibitor,  which  allows  accumulation  of  intra- 
cellular cyclic  AMP,  mimics  the  ability  of  prostaglandin  E,  in  inducing 
glucagon  sensitivity.  When  compared  to  normal  MDCK  cells,  the  ability  to 
produce  prostaglandins  was  markedly  diminished  in  the  transformed  line. 
Based  on  these  observations,  we  proposed  that  the  loss  of  glucagon  receptors 
resulting  from  viral  transformation  is  a  consequence  of  the  reduced  production 
of  prostaglandins  in  transformed  cells. 
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Project  Description 

Objectives:  The  goals  of  this  project  are:  1)  To  study  the  factors  in  the 
cellular  environment  required  for  inducing  the  glucagon  receptor  and  response 
in  the  transformed  NIDCK  cells;  and  2)  To  elucidate  the  biochemical  mechanism 
responsible  for  the  induction  of  hormone  sensitivity. 

Methods  Employed:  The  kidney  cell  line  (MDCK)  and  a  clone  of  virally 
transformed  MDCK  cells  were  maintained  as  monolayer  culture  in  Dulbecco  NEM 
with  10%  fetal  bovine  serum  or  with  a  hormone  supplement.  Effects  of  hormones 
were  determined  1)  by  measuring  the  intracellular  cyclic  .AMP  by  a  radio inmmo- 
assay,  2)  by  assaying  for  adenylate  cyclase  activity  in  the  isolated  plasma 
membranes  by  procedures  established  in  this  laboratory  and  3)  by  measuring  the 
binding  of  radioactively  labelled  hormones  to  their  receptors.  Cell  growth  was 
quantitated  with  a  cell  counter. 

Major  Findings:  We  found  previously  that  glucagon  receptors  and  response 
in  a  transformed  MDCK  cell  line  can  be  induced  by  sodium  butyrate  or  by  cul- 
turing  in  a  chemically  defined  medium.  We  have  now  identified  the  agent  respon- 
sible for  the  induction  in  the  defined  medium  to  be  prostaglandin  E]i  .  Prosta- 
glandin F->ct,  a  poor  activator  of  cyclic  .AMP  production,  also  induces  the  glu- 
cagon sensitivity,  but  to  a  lesser  extent.  .A  phosphodiesterase  inhibitor 
(Rd  20-1724),  which  allows  accumulation  of  intracellular  cyclic  .AJtP,  mimics  the 
effect  of  prostaglandin  E^  in  inducing  the  glucagon  response.  UTiether  these 
observations  indicate  an  involvement  of  cyclic  .'\MP  in  the  induction  mechanism 
remains  to  be  determined.  We  also  discovered  that,  in  contrast  to  normal  MDCK 
cells,  the  production  of  prostaglandins  is  nearly  abolished  in  the  transformed 
cells.  The  study  of  prostaglandin  synthesis  in  these  cell  lines  is  the  subject 
of  a  separate  project.  The  findings  that  there  is  a  loss  of  prostaglandin  pro- 
duction in  the  transformed  cells  and  that  these  cells  require  exogenous  prosta- 
glandin El  to  induce  glucagon  responsiveness  suggest  that  the  production  of 
prostaglamdins  and  the  appearance  of  glucagon  sensitivity  may  be  causally- 
related. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Changes  in  hormone  sensitivity  are  frequently  observed  during  cell  development 
and  as  a  result  of  altered  hormonal  environment.  Cells  in  culture  are  suitable 
for  studying  the  factors  involved  in  such  changes  since  it  is  possible  to 
systematically  alter  the  cellular  environment  for  differentiation  and  growth 
of  the  cells.  Our  current  study  suggests  that  prostaglandin  may  be  normally 
produced  as  a  local  developmental  hormone  and  is  required  for  the  elaboration 
of  glucagon  receptors  and  response  in  kidney;  the  loss  of  glucagon  receptors 
may  be  a  consequence  of  the  diminished  ability  of  ttansformed  .^DCK  cells  to 
produce  prostaglandin.  The  knowledge  gained  in  this  project  will  help  the 
understanding  of  the  regulation  of  hormone  receptor  during  cellular  development. 

Proposed  Course  of  Project:  Our  current  and  future  effort  include:  1) 
Determining  the  exact  conditions  required  for  induction  of  glucagon  responsive- 
ness when  transformed  MDCK  cells  are  cultured  in  a  chemically  defined  medium; 
2)  Elucidating  the  mechanism  responsible  for  induction  by  prostaglandin  E,  . 
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5 ' -N-ethylcarboxamideadenosine  and  N  -phenylisopropyladenosine.  The  receptor 
is  of  the  Ra  subclass  and  mediates  stimulation  of  adenylate  cyclase  in  iso- 
lated PC12  plasma  membranes.  The  adenosine  receptor  agonists  produce  modest 
effects  on  PC12  cells  but  act  synergistically  with  nerve  gro^rth  factor  to  pro- 
mote induction  of  ornithine  decarboxylase  and  neurite  outgro'.^rt^l. 

B.  Like  insulin,  N  -phenylisopropyladenosine  (PIA) ,  is  a  potent  inhibitor  of 
lipolysis  in  fat  cells.  When  normally  occurring  adenosine  is  removed  from 
the  medium,  PIA,   again  like  insulin,  stimulates  glucose  transport  into  fat 
cells.  The  adenosine  analog  is  effective  at  nanomolar  concentrations  and 
stimulates  transport  to  a  level  approaching  that  seen  with  insulin. 
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Project  Description 

Objectives:  A)  Previously,  with  the  use  of  adenylate  cyclases,  we  found 
that  some  cells  contain  adenosine  receptors  (R^)  that  elicit  cyclase  stimula- 
tion, whereas  other  cells  contain  a  pharmacologically  different  adenosine 
receptor  (R^)  that  mediates  cyclase  inhibition.  It  was  also  found  that  the 
guanine  nucleotide  regulatory  features  of  these  responses  differed,  sugaesting 
that  the  different  receptor  characteristics  might  be  governed  by  factors  other 
than  the  receptor  molecules  per  se.  Labeling  and  isolation  of  the  two  different 
adenosine  receptors  and  their  accompanying  nucleotide  regulatory  components 
should  be  facilitated  by  adenosine  receptor-reactive  radiolabeled  photoaffinity 
compounds  that  react  with  adenosine  receptors.  Although  the  fat  cell  provides 
tTlfJ'^l  ^i^^   affinity  R  receptors,  a  homogeneous  cell  population  with 
high  affinity  R^  receptors  was  needed. 

B)  For  many  years  the  isolated  fat  cell  preparation  has  served  as  a  major 
tool  for  examining  themetabolic  effects  of  insulin.  However,  most  published 
studies  oninsulmaction  do  not  account  for  the  presence  of  adenosine  a 
potent  antilipolytic  factor,  which  has  been  proposed  to  either  mimic  or  be 
essential  for  the  action  of  insulin.  Thus,  we  have  reexamined  the  effects  of 
adenosine  analogues  on  lipolysis  and  glucose  transport  under  conditions  where 
endogenous  adenosine  has  been  removed  from  the  preparation. 

Methods  Employed:  Adenylate  cyclase  was  assayed  by  a  method  developed  in 
J^s  laboratory  m  which  deoxy  ATP  (dATP)  serves  as  substrate,  thus  eliminating 
■iticulties  with  background  adenosine  concentrations  that  occur  with  the 
.Tandard  ATP  methods .  Pheochromocytoma  cells  were  grown  in  tissue  culture  by 
the  collaborating  unit  from  NEI  who  also  perfomed  metabolic  studies  on  the 
w!=       /^^u  ''!''^  isolated  by  Rodbell's  method,  and  glucagon  transport 
was  measured  with  the  use  of  the  non-metabolizable  compound,  3-0-methyl  glucose. 

Major  Findings:  A)  The  pheochromocytoma  cell  line,  PC12,  derived  from 
tne  adrenal  medulla,  contains  a  stimulatory  adenosine  receptor  fR,!  that  is 
pharmacologically  similar  to  the  stimulatory  receptors  we  have  identified  in 
rat  liver,  Leydig  tumor  cells,  and  turkey  erythrocyte  membranes.  TTie  Ka  for 
frTn-8°S  °^/S^  adenylate  cyclase  by  5 '-N-ethylcarboxamide  adenosine  is 
^  x  10   M  and  the  value  for  N^-phenylisopropyladenosine  is  2  x  lO'^M   TTiese 
receptors  thus  have  an  apparent  affinity  for  adenosine  receptor  agonists 
approximately  10-fold  greater  than  other  stimulatory  receptors. 

The  PC12  cell  line  has  been  widely  used  as  a  system  for  studying  the  mech- 
!;;!^?^  ^''^t°''  fu'^^'T^  ?''°'^^  ^^^^°^  ^^'^  neuronal  development;  NGF  promotes 
o?^h?i^f?^  and  biochemical  changes  in  the  cells  that  resemble  the  conversion 
31  chromaffin  cells  into  sympathetic  neurons.  Although  cyclic  A.W   involvement 
fis}^l''Tlt''^^°''   ^^  l"""^  ^^^"^   suspected,  no  stimulatory  receptor  has  been 
dSnc        ^^^  ^^"^^^   ^°  ^^^  ^^^2  adenylate  cyclase.  Our  finding  that 
denost^e  ltr?l°'''   ''''■'  '°  ^^f'"^  prompted  studied  on  the  relationship  between 
mS  mS  ^^f  P"°^  agonists  and  nerve  growth  factor.  It  was  found  that  NECA, 
)ith  w'  fT^^   ornithine  decarboxylase  activity,  but  NECA  in  combination 
'itt  NFG  acted  synergistically  to  produce  an  increase  in  the  enzyme  activity 
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more  than  3- fold  greater  than  the  sum  of  the  two  agents  alone.  Moreover, 
although  NEC^i  produces  no  neurite  outgrowth,  it  vastly  increases  the  rate  at 
which  NGF  stiTTulates  neurite  outgro\rth.  Finally,  these  physiological  effects 
of  the  adenosine  receptor  agonist  are  mediated  by  a  receptor  that  is  similar 
to  the  receptor  associated  with  the  adenylate  cyclase  in  the  PC12  membranes. 

B)  The  basal  r?te  of  glucose  transport  in  fat  cells  is  lowered  upon 
addition  of  adenosine  deaminase  to  the  medium  in  which  the  cells  are  suspended. 
The  deaminase  converts  adenosine  to  inosine,  which  is  inactive  at  adenosine 
receptors.  In  the  presence  of  adenosine  deaminase,  addition  of  a  deaminase- 
resistant  adenosine  receptor  agonist,  N^-phenylisopropyladenosine,  stimulates 
glucose  transport  to  a  level  approaching  that  seen  with  an  optimal  concentra- 
tion of  insulin. 

Phenylisopropyladenosine  inhibits  lipolysis  in  fat  cells  at  nanomolar 
concentrations.  Similarly,  the  adenosine  receptor  agonist  stimulates  glucose 
transport  significantly  at  1  aM  and  its  effects  are  maximal  at  10  nM,  a  finding 
suggesting  involvement  of  the  cell  surface  adenosine  receptor.  .Although  the 
stimulation  of  glucose  transport  is  somewhat  greater  in  the  presence  than  in 
the  absence  of  phenylisopropyladenosine,  stimulation  by  insulin  proceeds  in 
the  absence  of  adenosine  or  adenosine  analogs.  Finally,  the  effects  of  phenyl- 
isopropyladenosine and  insulin  are  kinetically  indistinguishable. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:       d 
.Adenosine  acts  at  cell  surface  receptors  to  mediate  a  wide  variety  of  biological  \ 
effects,  such  as  suppression  of  lipolysis,  coronary  artery  dilation,  suppression 
of  immune  function  in  lymphocytes,  and  potentiation  of  histamine  release  from 
mast  cells.  Our  findings  with  the  adrenal  medullary  tumor  cell  line  provide 
yet  another  example  of  possible  physiological  significance  of  adenosine  recep- 
tors, 'foreover,  they  reveal  that  although  adenosine  alone  may  produce  a  variety 
of  acute  effects  on  cells,  as  listed  above,  in  combination  with  a  trophic  hor- 
mone, nerve  growth  factor  in  this  case,  adenosine  produces  long  term  effects 
on  cellular  differentiation. 

Since  isolated  fat  cells  release  adenosine  to  the  suspension  medium,  and 
since  the  fat  cell  has  long  served  as  a  model  system  for  studying  the  metabolic 
effects  of  insulin,  our  finding  that  adenosine  receptor  agonists  mimic  insulin 
action  on  glucose  transport  takes  on  special  significance.  First,  the  presence 
of  a  variable  and  unknown  adenosine  concentration  may  account  for  the  diffi- 
culty in  obtaining  consistently  reproducible  effects  of  insulin  on  fat  cells. 
Second,  it  raises  questions  on  the  extent  to  which  insulin  possesses  unique 
actions  that  can  be  distinguished  from  other  antilipolytic  agents,  such  as 
adenosine,  nicotinic  acid,  and  prostaglandins.  Finally,  one  should  reevaluate 
previous  claims  of  altered  responsiveness  to  insulin  under  various  physio- 
logical and  pathological  conditions  (fed  vs_  stai-vation,  diabetic  vs  normal, 
hypothyroid  vs  euthyroid) ,  since  the  response  to  insulin  could  be  masked  or 
mimicked  by  the  ambient  adenosine. 
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Proposed  Course  of  the  Project:  1)  an  attempt  to  identify  and  isolate 
the  two  types  of  adenosine  receptor,  Ra  from  PC12  cell  and  Ri  from  fat  cells, 
with  the  use  of  radiolabeled  photoaffinity  adenosine  analogs;  2)  an  extension 
of  our  findings  on  the  stimulation  of  glucose  transport  by  adenosine  receptor 
agonists  to  determine  whether  the  receptor  that  mediates  this  effect  is  iden- 
tical to  the  adenosine  receptor  that  mediates  suppression  of  lipolysis,  and  to 
determine  whether  other  antilipolytics,  such  as  nicotinic  acid  and  prostaglandin, 
also  mimic  insulin.  We  shall  also  investigate  whether  or  not  the  various 
antilipo lytic  agents  share  with  insulin  other  responses,  such  as  increased 
lipogenesis  and  stimulation  of  cyclic  nucleotide  phosphodiesterase  activity. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Cholera  toxin  has  been  used  to  label  GTP  regulatory  components  associ- 
ated with  fat  cell  plasma  membrane  adenylate  cyclase.  Distinctive  labelling 
patterns  are  observed,  indicating  additional  components  to  those  found  in 
simpler  adenylate  cyclase  systems.  Both  the  stimulatory  (g-adrenergic)  and 
inhibitory  (adenosine)  receptors  have  also  been  labelled.  In  both  cases 
binding  is  modified  by  GTP  (or  Gpp(NH)p) .  The  g-adrenergic  (inhibitory) 
receptor  from  platelet  plasma  membranes  has  also  been  solubilized  as  a 
prelude  to  its  insertion  in  other  cell  types.  Thus,  the  techniques  are  now 
available  for  a  concerted  purification  of  the  components  of  a  dually  regulated 
adenylate  cyclase  system  and  for  a  determination  of  their  molecular  inter- 
actions. 
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Project  Description 

Objectives :  Previously  we  have  shown  that,  in  a  range  o£  tissues,  adeny- 
late cyclase  activity  is  subject  to  dual  regulation,  which  is  mediated  by  GTP; 
a  stimulatory  process  mediates  the  effects  of  stimulatory  hormones  such  as  ACTH, 
isoproterenol,  glucagon  etc.,  whereas  a  distinct  process  promotes  inhibition  of 
the  enzyme  by  putative  neurotransmitters,  such  as  adenosine,  epinephrine,  opi- 
ates, etc.  We  have  accumulated  evidence  which  permits  generalizations  on  the 
properties  of  these  dually  regulated  systems  and  which  facilitates  their  detec- 
tion. 

In  the  present  study  a  number  of  biochemical  approaches  have  been  applied 
to  the  mechanism  of  action  underlying  this  complex  regulatory  behaviour.  Cholera 
toxin,  which  has  been  successfully  used  in  the  detection  of  stimulatory  GTP 
regulatory  proteins,  was  employed  to  detect  unique  labelling  patterns  in  dually 
regulated  systems.  In  addition  interaction  of  ligands  with  their  respective 
stimulatory  and  inhibitory  receptors  and  their  regulation  by  GTP  has  been 
examined.  Work  is  also  in  progress  in  isolating  the  alpha  adrenergic  receptor 
(which  mediates  inhibition  of  cyclase)  from  the  human  platelet . 

Methods  Employed:  Plasma  membranes  were  prepared  by  methods  developed  in 
this  laboratory.  Adenylate  cyclase  activity  was  assayed  as  described  previous- 
ly. Cholera  toxin  labelling  was  performed  after  Kaslow  et  al.  (1979)  Mol , 
Pharmacol.  15_,  472  and  the  proteins  were  separated  by  SDS  PAGE.  Receptor 
binding  assays  were  carried  out  by  filtration  through  glass  fiber  disks. 

32 
Ma j  or  Findings :  IVhen  cholera  toxin  and   P-NAD  were  incubated  with  a 

range  of  membrane  preparations  varying  in  their  regulatory  complexity  from  those 
with  only  stimulatory  regulation,  both  stimulatory  and  inhibitory  regulation, 
and  those  containing  only  GTP  regulatory  proteins  without  the  other  components 
of  adenylate  cyclase,  it  became  apparent  that  dually  regulated  systems  appeared 
to  have  a  non-overlapping  labelling  pattern,  when  examined  on  SDS  PAG  electro- 
phoresis and  compared  with  stimulatory  systems.  This  may  provide  a  means  for 
identifying  inhibitory  systems  in  the  absence  of  activity  measurements.  It 
may  also  represent  a  further  piece  of  evidence  that  distinct  proteins  are 
involved  with  stimulation  and  inhibition,  respectively. 

In  addition,  two  other  GTP  regulatory  proteins  were  examined;  the  retinal 
GTP-ase,  which  is  involved  in  the  light  activation  of  phosphodiesterase  and 
factor  eIF-2,  which  is  involved  in  the  initiation  of  protein  synthesis.  Both 
of  these  proteins  were  labelled  by  cholera  toxin  and  NAD.  The  ability  of 
modified  eIF-2  to  initiate  protein  synthesis  was  greatly  impaired.  This  indi- 
cates a  dramatic  degree  of  conservation  of  structure  of  these  GTP  regulatory 
proteins,  hints  at  a  common  origin,  and  may  suggest  that  some  complementarity 
exists  between  the  proteins,  either  in  terms  of  their  being  able  to  subserve 
the  same  functions  or  that  they  may  share  immunoreactivity.  This  has  immediate 
important  consequences  for  the  purification  of  the  cyclase  regulatory  components . 

125 
The  binding,  of  I   -hydroxybenzylpindolol  to  fat  cell  membranes  was  studied. 

High  affinity  binding  was  encountered  with  the  specificity  expected  from  a 
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beta  adrenergic  receptor.  The  binding  was  decreased  by  GTP  and  GppCNH)p,  as  is 
commonlv  encountered  with  hormone  binding  to  stimulatory  receptors .  Other 
stLTiulator\'  hormones  or  inhibitory  effectors  of  the  fat  cell  adenylate  cyclase 
were  without  effect  on  this  binding,  in  the  absence  or  the  presence  of  GTP. 

Binding  of  -^H-N^-cyclohexyladenosine  was  also  investigated.  Again  high 
affinity  binding  (Kd  =  6  nM)  was  encountered.  Purine  modified  adenosine  ana- 
logues effectively  competed  for  the  binding  whereas  ribose-modified  analogues 
were  lOOOx-less  effective.  The  binding  was  decreased  by  GTP  and  this  effect 
was  slightly  enhanced  in  the  presence  of  sodium  ions,  which  correlates  with 
the  cation's  effect  on  enhancing  the  inhiibitory  effect  of  adenosine  on  fat  cell 
adenylate  cyclase.  Stimulatory  hormones  were  without  effect  on  the  binding 
to  the  adenosine  receptor.  These  observations  suggest  that  there  is  a  lack 
of  intimacy  in  the  degree  of  association  of  the  stimulatory  and  inhibitory 
receptors  and  possibly  indicates  that  separation  of  the  receptors  may  be  fea- 
sible without  grossly  disruptive  measures.  Thus  the  techniques  are  now  avail- 
able which  will  allow  us  to  attempt  to  separate,  monitor  and  reconstitute  the 
fat  cell  adenylate  cyclase  system. 

Initial  steps  have  also  been  taken  in  binding  alpha  adrenergic  agents 
(clonidine  and  dihydroergocryptine)  to  human  platelet  plasma  membranes  and 
a  method  for  solubilization  of  the  receptor  and  assaying  binding  to  the  solu- 
bilized  receptor  has  been  developed  as  a  prelude  to  reconstituting  an  inhibi- 
tory response  in  cells  lacking  such  a  receptor. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The s e  studies  have  made  it  possible  to  probe  any  system  for  the  presence  o f 
dualistic  regulation,  either  at  the  level  of  adenylate  cyclase  activity  or  at 
the  receptor  binding  level.  It  remains  to  be  determined  whether  the  cholera 
toxin  labelling  of  N  units  will  be  equally  definitive.  Detection  of  new  regu- 
latory circuits  will  undoubtedly  lead  to  the  discovery  for  a  primary  function 
for  many  putative  neurotrsinsmitters,  which  currently  lack  such  responses,  such 
as  histamine,  G.ABA,  dopamine,  serotonin.  In  addition,  drug  development  and 
design  is  greatly  facilitated  by  the  availability  of  such  readily  measurable 
functions. 

Proposed  Course  of  the  Project:  i)  It  is  proposed  to  determine,  by  peptide 
mapping,  the  degree  of  the  relationship  between  the  various  bands  labelled  by 
cholera  toxin  in  the  various  membrane  preparations  as  well  as  the  GTP  regulatory 
proteins  from  the  retina  and  that  involved  in  protein  synthesis  initiation,  ii) 
The  alpha  adrenergic  receptor  from  the  platelet  will  be  reconstituted  into 
Qiinese  hamster  ovary  cells  in  an  attempt  to  determine  whether  inhibitory  recep- 
tors are  complementary  between  tissues,  which  A'ould  imply  the  sharing  of  domains. 
iii)  It  is  also  proposed  to  solubilize  fat  ceil  membranes  and  to  subject 
them  to  column  chromatography.  Using  the  techniques  which  we  have  already 
developed,  we  will  be  able  to  determine  firstly,  whether  the  bands  labelled  by 
toxin  chromatograph  together  or  whether  they  separate,  and  secondly,  to  monitor 
the  chromatography  of  the  stimulatory  (3 -adrenergic)  and  inhibitory  (adenosine) 
receptors  and  to  see  whether  these  selectively  associate  with  the  toxin  labelled 
bands.  This  will  permit  detennination  of  whether  individual  GTP  regulatory  pro- 
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teins  associate  with  their  respective  receptors  and  will  establish  the  separate 
identity  of  the  regulatory  proteins ,  thus  making  attempts  at  their  purification 
feasible. 

Publications 


Cooper,  D.M.F.,  Londos,  C.  and  Rodbell,  M. :  Adenosine -x-eceptor  mediated 
inhibition  of  rat  cerebral  cortical  adenylate  cyclase  by  a  GTP-dependent 
process.  Mol.  Pharmacol.  18:  598-601,  1980. 

Cooper,  D.M.F.  and  Londos,  C. :  GTP-dependent  stimulation  and  inhibition 
of  adenylate  cyclase.  In  Palmieri,  F.  (Ed):  Horizons  in  Biochemistry 
and  Biophysics.  London,  Wiley  §  Sons,  Vol.  6,  m  press, 

Londos,  C,  Cooper,  D.M.F.  and  Rodbell,  M. :  Receptor  mediated  stimulation 
and  inhibition  of  adenylate  cyclase:  the  fat  cell  as  a  model  system. 
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Project  Description 

This  project  incorporates  research  previously  reported  as  two  separate 
projects,  .AiM  15100  and  MA   15101. 

Objectives :  To  study  the  structure  o£  chromatin,  the  DNA-histone  complex 
of  eukaryotic  cells,  at  various  levels  of  organization,  defining  the  mode  of 
packaging  of  DMA  in  the  cell  nucleus .  To  determine  the  features  of  chromatin 
structure  which  are  associated  with  the  function  of  the  nucleoprotein  in  trans- 
cription, replication  and  differentiation. 

Maj or  Findings :  During  early  embryogenesis  in  sea  urchins,  three  sets  of 
histones  associate  with  DNA  in  chromatin  sequentially;  each  set  has  distinctive 
H2A  and  H2B  molecules  and  similar  if  not  identical  H3  and  H4  molecules.  It  has 
not  been  known  whether  the  different  histones  affect  chromatin  structure  or 
merely  reflect  the  proteins  synthesized  from  different  gene  families  of  differ- 
ent degrees  of  repetition. 

In  an  attempt  to  define  the  possible  effects  of  these  variant  histones  on 
chromatin  structure  and  function,  we  have  isolated  and  characterized  nucleosome 
core  particles  from  5.  purpuratus   blastula  (nearly  100%  early  histones)  and 
pluteus  (75%  late  histones) .  Both  particles  contain  146  base  pair  lengths  of 
DNA  wrapped  around  an  octamer  of  H2A,  H2B,  H3  and  H4.  IVhile  sharing  these 
similarities  with  the  canonical  core  particle,  certain  features  of  nucleosome 
structure  differ  from  those  of  typical  adult  tissues.  Both  the  reversible  and 
the  irreversible  conformational  transitions  occurring  on  heating  core  particles 
are  destabilized  in  the  embryonic  particles  vs.    "typical"  core  particles.  The 
blastula  core  particle  unfolds  more  easily  than  pluteus  (or  other)  nucleosomes 
under  the  stress  of  low  ionic  strength.  The  rate  of  DI'lAase  I  digestion  of 
pluteus  core  particles  is  about  half  that  of  particles  from  blastula;  certain 
cutting  sites  differ  in  their  susceptibility  between  the  two  embryonic  particles 
and  between  these  two  and  the  canonical  core  particle.  The  data  demonstrate 
that  the  variant  histones  synthesized  during  early  embryogenesis  have  demon- 
strable effects  on  chromatin  structure,  even  at  this  basic  level,  and  suggest 
that  histone  switches  are  likely  to  affect  chromatin  function. 

Yet  another  set  of  variant  histones  occur  in  sea  urchin  sperm,  including 
a  highly  basic  HI.  We  have  previously  characterized  structure  of  the  core  par- 
ticle in  sperm  (AM  15101-09)  and  now  extend  our  investigations  to  the  higher 
order  structure  of  sperm  chromatin  which  leads  to  packaging  of  DNA  in  sperm 
heads  at  a  concentration  approaching  0.5  g/ml.  Oiromatin  can  be  prepared  from 
sperm  nuclei  by  chelation  (likely  of ,  copper)  with  o-phenanthroline.  DNAase  II 
digestions  allow  preparation  of  various  sized  fragments.  The  chromatin  is 
markedly  stabilized  by  protein-protein  interactions ;  even  when  all  DNA  is 
digested  to  less  than  1000  bp  length,  chromatin  fragments  sedimenting  at  over 
150  S  can  be  isolated.  We  estijnate  that  such  fragments  will  contain  at  least 
80  nucleosomes.  Electric  dichroism  measurements  demonstrate  that  the  basic  DNA 
orientation  in  sperm  higher  order  chromatin  is  similar  to  that  in  other  tissues, 
although  the  sperm  fiber  does  not  unfold  at  very  low  ionic  strength,  as  others 
do.  Preliminary  electron  micrographs  show  a  300  A  fiber  with  suggestions  of 
helical  organization  of  nucleosomes. 
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We  have  attempted  to  follow  the  fate  of  histones  in  very  early  embryos 
using  fluorescent  antibody  methods  with  an  antibody  to  histone  H3.  We  do  not 
detect  antibody  reaction  with  the  egg  nucleus.  Early  after  fertilization  (1-2 
min)  stained  heads  are  visible  at  or  beneath  the  cortical  surface  of  the  egg. 
This  fluorescence  disappears  by  the  time  of  male  pronuclear  formation  (10  min) . 
We  do  not  know  whether  histones  are  absent  from  egg  nucleus  and  the  pronuclei 
or  whether  absence  ot  staining  is  due  to  other  causes.  At  the  two-cell  stage, 
nuclear  staining  is  clearly  present.  Oiemical  methods  will  be  required  to 
ascertain  the  presence  or  absence  and  type  of  histones  in  the  egg  nucleus. 

A  partial  purification  of  the  yeast  plasmid  containing  the  zrp  1   gene  and 
an  autonomous  replicating  segment  has  been  achieved,  'ATien  the  plasmid  is  propa- 
gated in  yeast,  it  appears  to  exist  as  a  minichromosome ,  as  judged  by  sedimen- 
tation rates,  topological  properties  of  the  DMA,  and  presence  of  a  typical 
staphylococcal  nuclease  ladder  of  fragments,  detected  by  electrophoresis  and 
hybridization.  The  plasmid  contains  9  nucleosomes  and  1400  bp  of  DNA,  with  a 
regular  repeat  of  160  bp,  similar  to  yeast  nuclear  chromatin.  Investigations 
of  the  possible  phasing  of  nucleosomes  on  this  and  other  yeast  genes  packaged 
as  putative  minichromosomes  are  in  progress. 

We  have  established  a  heterologous  transcription  system  which  appears  to 
faithfully  transcribe  the  yeast  5S  RNA  gene  in  vitro.  A  high  speed  supernatant 
of  HeLa  cells  transcribes  the  cloned  yeast  gene  to  yield  a  product  the  size  of 
the  known  yeast  5S  precursor.  Restriction  enzyme  generated  deletion  mutants 
have  been  transcribed;  the  data  indicates  that  the  promoter  sequences  for  the 
5S  gene  are  intragenic,  as  is  the  case  for  Xenovus  .     Addition  of  a  yeast  solu- 
ble extract  to  the  transcription  reaction  leads  to  processing  of  the  precursor 
RNA  to  a  size  that  of  the  mature  molecule.  The  heterologous  transcription 
system  thus  provides  an  assay  method  for  purification  of  the  processing  enzyme 
for  5S  R.\A  maturation. 

Recently,  we  have  established  a  homologous  yeast  transcription  system  for 
R.MA  polymerase  III  and  the  tRNA  gene.  A  precursor  is  initially  synthesized  and 
then  processed  to  the  size  of  mature  tRNA.  Synthesis  is  inhibited  by  actino- 
mycin  D  and  by  high  concentrations  of  a-amanitin.  In  addition  to  further 
characterization  of  the  factors  required  for  correct  initiation,  termination 
and  processing  of  this  polymerase  III  transcription,  we  are  using  the  same 
extract  to  establish  condit-ions  for  correct  transciption  of  an  R.'^iA  polymerase 
II  transcribed  gene. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Eluc idation  of  the  structure  of  the  eukaryotic  nucleoprotein  complex,  chromat in , 
is  necessary  for  understanding  of  the  mechanism  of  gene  regulation  in  higher 
organisms.  We  have  now  progressed  sufficiently  far  in  our  understanding  of  the 
structure  of  total  chromatin  in  terminally  differentiated  cells  that  it  is 
appropriate  to  begin  investigations  of  alterations  in  structure  during  differ- 
entiation and  development  and  study  of  the  features  of  chromatin  which  are 
necessary  and  sufficient  for  transcriptional  activity.  Further  progress  in 
these  areas  will  aid  in  achievement  of  our  eventual  goal,  description  of  the 
structural  and  compositional  features  of  chromatin  which  generate  the  stable 
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differentiated  state  of  normal,  mature  cell.  fJnderstanding  of  these  features 
will  facilitate  future  investigations  of  the  neoplastic  state  and  rational 
therapy  for  genetic  disorders . 

Proposed  Course  of  Project:  We  will  pursue  structural  studies  of  chromatin 
at  the  different  stages  of  early  embryogenesis  in  sea  urchins  as  a  model  system 
for  the  marked  functional  changes  that  occur  in  the  genome  during  the  activation 
of  the  zygote  for  development  and  the  earliest  stages  of  determination  and 
differentiation.  Of  particular  interest  are  the  mechanism  of  activation  of  pro- 
nuclear  development ,  the  chromosomal  organization  of  the  early  histone  genes 
under  conditions  where  these  genes  are  transcriptionally  active  and  quiescent, 
and  the  recruitment  and  partitioning  of  stored  maternal  mRNA.  We  will  study 
nucleosome  phasing  in  vitro  by  reconstruction  of  nucleosomes  using  a  cloned 
DMA  segment  containing  the  sea  urchin  5S  gene;  if  successful,  such  studies  will 
be  extended  to  more  complex  genes ,  such  as  those  for  histones . 

Studies  of  cloned  genes  as  minichromosomes  in  yeast  will  proceed,  using 
three  genes ,  one  with  a  strong  promoter ,  one  with  a  weaker  promoter ,  and  one 
under  regulatory  control.  For  each  case  we  will  attempt  to  establish  the  com- 
position of  the  chromosome,  its  structure,  and  functional  features  leading  to 
transcription  or  repression  of  RNA  synthesis. 

Publications 

Bina,  M. ,  Sturtevant,  J.M.,  and  Stein,  A.:  Stability  of  DMA  in  nucleosomes. 
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Gruol,  D.J.  3,5,3' -Triiodothyronine  receptor-containing  chromatin  frag- 
ments: production  by  nuclease  digestion.  Endocrinology  107:  994-999, 
1980. 
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faciens, and  barstar,  its  intracellular  inhibitor,  are  being  developed  as  a  mode] 
system  for  the  study  of  protein  folding  and  protein-protein  interactions.  .Amino 
acid  sequence  determination  and  X-ray  structure  characterization  are  being 
carried  out  along  with  thermodynamic  studies  of  folding  reactions.  A  peptide 
complementation  system  for  bamase  has  been  developed  which  will  be  used  to 
investigate  the  roles  of  specific  residues  in  both  folding  and  enzymatic  activit> 

An  attempt  is  being  made  to  transfer  the  structural  genes  for  these  protein: 
to  an  organism  which  is  more  amenable  to  genetic  manipulation. 
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Project  Description 

Objectives :  To  further  characterize  and  investigate  this  enzyme  and  its 
natural  inhibitor  by  physical,  chemical,  and  biological  techniques.  To  develop 
methods  o£  culture,  genetic  manipulation  and  genetic  analysis  so  that  the  or- 
ganism and  its  product  enzyme -inhibitor  pair  may  be  applied  to  a  broad  study 
o£  structure,  function  and  synthesis. 

Specific  objectives  are:  1)  the  determination  of  the  amino  acid  sequence 
and  three-dimensional  structure  (by  X-ray  diffraction)  of  both  proteins  and 
the  structure  of  their  complex;  2)  thermodynamic  and  kinetic  analysis  of 
structural  transitions  produced  in  both  proteins  by  heat  or  denaturating 
reagents;  3)  analysis  of  the  folding  and  activity  of  both  by  means  of  peptide 
complementation  systems  analogous  to  those  being  used  for  the  study  of  pan- 
creatic ribonuclease  and  micrococcal  nuclease;  4)  all  of  the  above  with  chemi- 
cally and/or  genetically  modified  sequences . 

Major  Findings :  The  structure  of  bamase  has  been  determined  at  a  reso- 
lution  of  2 . 5  A  by  X-ray  diffraction.  Coordinates  have  not  been  determined  in 
detail  but  the  electron-density  map  clearly  shows  the  arrangement  of  the  back- 
bone and  many  side  groups  can  be  identified.  The  active  site  about'  His-102 
is  clearly  defined  with  two  arginines  (83  and  87)  and  a  tyrosine  (103)  nearby. 
The  requirement  of  zinc  for  growing  good  crystals  is  explained  by  the  bridging 
by  a  zinc  atom  of  a  histidine  and  a  lysine  of  one  molecule  to  a  glutamic  acid 
on  another. 

Gold  cyanide,  which  provided  one  of  our  isomorphous  replacements,  was 
found  bound  at  the  active  site.  Subsequent  assays  revealed  that  it  also 
reversibly  inhibits  ribonuclease  activity.  As  suggested  by  chemical  studies, 
iodinated  bamase  has  a  diiodotyrosine  at  Tyr  17.  The  position  of  the  iodin- 
ated  ring  is  quite  different  from  that  of  the  native . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  small  size,  stability,  easily  measured  enzyme  activity  and  absence  of 
disulfide  bridges  in  bamase  make  it  an  excellent  choice  for  a  long-range 
study  of  the  relation  between  the  sequence  of  an  enzyme  and  its  structure 
and  function.  The  inhibitor  is  an  even  simpler  protein  and  should  be  useful 
in  a  similar  fashion.  Together,  they  offer  a  model  system  for  the  study  of 
protein-protein  interaction. 

The  nature  and  extent  of  the  thermal  transition  of  bamase  gives  strong 
support  to  the  concept  that  the  three-dimensional  structure  of  a  protein  may 
be  completely  determined  by  its  amino  acid  sequence.  The  simplicity  and  all- 
or-none  nature  of  the  transition  should  make  it  useful  for  thermodynamic  analy- 
sis of  the  factors  involved  in  maintaining  a  folded  protein  structure.  The 
production  of  both  of  these  proteins  by  the  same  organism  is  also  of  biological 
interest. 

Homology  between  prokaryotic  and  eukaryotic  ribonucleases  greatly  extends 
the  significance  of  this  work.  Study  of  the  whole  group  of  enzymes  should 
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help  our  understanding  of  evolutionary  relationships  on  the  broadest  scale. 
Comparisons  of  their  sequences  and  structrues  may  contribute  substantially  to 
the  solution  of  the  sequence -directed-folding  problem. 

Proposed  Course  of  the  Project:  Collaboration  will  continue  on  the  X-ray' 
structure,  with  a  1.9  A  map  anticipated.  X-ray  work  will  also  be  used  to  in- 
vestigate the  mechanism  of  enz>-matic  activity,  using  nucleotide  analog  inhibi- 
tors. Careful  study  of  the  bamase  structure  will  undoubtedly  suggest  bio- 
chemical experiments  related  to  folding,  etc.,  which  will  be  pursued. 

In  view  of  our  past  difficulty  in  getting  more  than  submilligram  amounts 
of  pure  barstar,  an  attempt  will  be  made  to  transfer  its  structural  gene  to 
E.  coli.  Success  should  allow  us  to  produce  more  and,  as  important,  to  manipu- 
late its  structure  genetically.  The  latter  point  suggests  that  transfer  of 
the  bamase  gene  to  E.  coli  would  also  be  valuable. 

Publications 


Hartley,  R.W.:  Homology  between  prokaryotic  and  eukan^otic  ribonucleases , 
J.  Mol.  Evol.  15:  355-358,  1980. 
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The  developmental  transition  of  the  moss  gametophyte  from  filamentous 
protonema  to  leafy  gametophore  is  being  developed  as  a  model  for  eukaryotic 
systems  in  which  large  blocks  of  genes  are  switched  on  or  off.  The  trans- 
ition (in  Nanomitrium  austinii)  may  be  induced  by  cytokinins  or,  under  certain 
conditions  and  reversibly,"liy  changes  in  temperature. 

The  coordinate  control  of  the  two  structural  genes  of  ribulose  bis- 
phosphate  carboxylase  is  also  being  investigated  in  these  organisms. 
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Project  Description 

Ob j ectives :  In  their  development,  mosses  pass  through  two  distinct  gener- 
ations, represented  by  the  haploid  garaetophyte  and  the  diploid  sporophyte. 
The  haploid  generation  is  further  divided  into  at  least  two  distinct  morpho- 
logical stages,  the  mature  "leafy"  gametophore  being  preceded  by  the  purely 
filamentous  protonema.  The  transition  between  these  two  forms  may,  in  some 
cases,  be  controlled  by  temperature  or  by  plant  growth  substances  of  the  cyto- 
kinin  (6-N  substituted  aminopurine)  type.  The  current  objective  is  to  bring 
into  aseptic  culture  one  or  several  moss  species  and  study  this  discrete  trans- 
ition as  an  instance  of  coordinated  gene -switching  in  a  typical  eukaryote. 
The  system  will  also  be  used  to  study  the  enzyme  ribulose  bis -phosphate  (RuBP) 
carboxylase.  This  enzyme  (by  a  large  factor  the  most  abundant  protein  on 
earth)  is  of  great  practical  importance  to  agriculture,  but  interest  in  the 
present  context  is  in  its  mode  of  synthesis.  Its  two  different  subunits  are 
coded  in  different  genomes  and  synthesized  in  different  cellular  compartments, 
presenting  a  pretty  problem  in  coordinated  control  of  genetic  information. 

Major  Findings :  A  wide  variety  of  techniques  for  selecting  and/or  find- 
ing auxotrophic  or  resistant  mutants  have  been  uniformly  negative.  A  few  mor- 
phological mutants  have  been  found  along  the  way,  one  of  which  appears  to  be 
useful.  In  its  protonemal  form  it  is  tightly  bunched,  producing  vigorous  col- 
onies that  are  nevertheless  small  and  uniform  in  diameter.  This  allows  an 
order  of  magnitude  increase  in  the  number  of  clones  that  can  be  surveyed  on  a 
plate  in  mutant  searches .   Being  less  filamentous ,  it  also  behaves  better  in 
the  chemostat  [which  includes  a  periodic  blender  chop) .  It  produces  normal - 
looking  gametophores . 

A  simple  extraction  and  chromatographic  system  has  been  devised  to  obtain 
pure  ribolose  bisphosphate  carboxylase  and/or  its  subunits . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute : 
The  moss  protonema -gametophore  transition  offers  a  convenient  system  for 
approaching  the  general  problem  of  gene  control  in  eukaryotes ,  particularly 
in  the  developmental  aspect  where  large  sections  of  the  genome  are  turned  on 
or  off. 

The  RuBP  carboxylase  system  offers  access  to  another  gene -control  system 
in  a  typical  eukaryote  amenable  to  microbiological  techniques.  The  enzyme 
itself  is  also  of  interest  as  a  model  for  the  study  of  the  folding  and  assembly 
of  multi-subunit  proteins. 

Pi'oposed  Course  of  Project:  Development  of  genetic  background  information 
with  which  to  study  developmental  mutations  and  the  search  for  such  mutations 
will  continue , 

Identification  and  isolation  of  proteins  unique  to  the  particular  devel- 
opmental states  will  be  attempted. 
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The  biochemical  fate  of  the  effective  cytokinins  will  be  investigated, 
including  a  search  for  specific  receptors. 

The  RuBP  carboxylase  will  be  further  characterized  and  methods  for 
obtaining  mutations  in  the  genes  involved  in  its  synthesis  investigated. 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Dihydrofolate  reductase  is  the  site  of  action  of  several  important  drugs  in 
eluding  trimethoprin,  pyrimethamine  and  the  most  widely  used  of  the  cancer  chemo 
therapeutic  agents,  methotrexate .  Thus,  interest  continues  unabated  in  attempt^ 
to  understand  the  mechanisms  by  which  these  inhibitors  bind  to  the  target  enzy- 
mic  receptor  with  such  high  affinity.  In  fact,  there  is  mounting  evidence  that 
the  binding  of  normal  cosubstrates  as  well  as  drugs  to  dihydrofolate  reductase 
is  a  complex  process  and  a  variety  of  protein  conformations  with  different 
affinities  and  kinetic  properties  have  been  detected.  Our  studies  on  the  acti- 
vation of  the  animal  reductases  suggest  similar  conformational  changes  in  the 
protein  accompanied  by  changes  in  binding  affinities  are  involved.  Therefore  th^ 
relationship  of  a  specific  cysteine  residue  in  the  NH- -terminal  sequences  of 
these  enzymes  to  the  activation  and  mechanism  of  action  of  animal  dihydrofolate 
reductases  is  the  basis  of  this  continuing  study  since  it  appears  to  be  related 
to  both  the  conformational  state  of  the  enzyme  and  the  binding  affinities  and 
not  to  the  enzymic  mechanism  per  se. 
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Project  Description 

Objectives:  The  interaction  of  drugs,  substrates  and  cofactors  with  dihydro- 
folate  reductase  continues  to  be  of  considerable  phannacological  and  biochemical 
interest  since  this  enzyme  appears  to  be  the  site  of  activity  of  the  powerful 
and  useful  chemotherapeutic  agent,  methotrexate.  Dihydrofolate  reductase  which 
is  concerned  with  the  conversion  of  the  essential  vitamin,  folic  acia,  to  the 
biologically  active  cof actor,  tetrahydrofolate,  has  a  central  role  in  cellular 
proliferation.  For  this  reason  we  have  continued  to  study  the  isolation,  puri- 
fication and  properties  of  the  reductases  from  various  sources,  particularly 
animal  livers.  .Although  the  enzymes  from  two  vertebrate  livers  (beef  and  chic- 
ken), have  been  purified  to  apparent  homogeneity,  with  the  crystallization  of 
the  chicken  liver  enz>'me,  many  intriguing  problems  concerning  the  nature  of 
the  purification  process  remain  to  be  solved.  These  include  the  nature  of  the 
unknown  substances  which  bind  to  the  affinity  columns,  the  multiple  peaks  of 
activity  observed  on  isoelectric  focusing  and  the  variation  in  isoelectric 
points  of  the  reductases  from  various  animal  and  bacterial  species.  Using  the 
highly  purified  reductases  from  bovine  and  chicken  liver,  investigations  are 
continuing  on  the  structure  and  X-ray  crystallography  and  function  of  these 
enzymes . 

Methods  Employed:  .Affinity  chromatography,  using  a  chromatographic  system 
based  on  the  drug  methotrexate  coupled  to  sepharose,  has  been  used  to  absorb 
dihydrofolate  reductase  from  relatively  crude  liver  extracts.  However  in  order  ( 
to  obtain  the  homogeneous,  substrate -free  reductase,  additional  purification 
involving  gel  filtration  and  isoelectric  focusing  is  required.  Structural 
studies  of  the  enzyme  involving  X-ray  crystallography,  fluorescence,  and  cir- 
cular dichroism. 

Major  Findings :  The  enzymatic  activity  of  bovine  liver  dihydrofolate  re- 
ductase is  increased  approximately  1.5-2.5-fold  on  treatment  with  organic 
mercurials .  In  contrast  to  the  almost  instantaneous  reaction  and  high  degree 
of  activation  C^lO-fold)  observed  with  chicken  liver  dihydrofolate  reductase, 
the  beef  liver  enzyme  requires  relatively  specific  conditions  of  pH,  temperature, 
preincubation  times,  and  presence  of  substrate  to  exhibit  this  degree  of  acti- 
vation. It  is  also  demonstrated  that  both  chicken  liver  and  beef  liver  dihydro- 
folate reductases  (and  perhaps  all  of  the  animal  dihydrofolate  reductases)  con- 
tain a  single  sulfhydryl  group  within  the  11  or  so  amino  acids  of  the  NH^- 
terminal  sequence  and  that  this  is  the  site  of  mercurial  interaction  and^acti- 
vation.  On  the  other  hand,  this  sulfhydryl  group  and  the  characteristic  acti- 
vation does  not  occur  in  the  corresponding  bacterial  reductases.  It  is  suggested 
that  although  the  reactive  sulfhydryl  group  may  be  characteristic  of  animal 
dihydrofolate  reductases,  it  is  not  directly  required  for  substrate  binding  or 
the  catalytic  mechanism  per  se. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Dihydrofolate  reductase  is  not  only  a  key  enz>Tne  in  the  metabolism  of  folic 
acid,  it  is  also  of  major  importance  in  the  synthesis  of  DMA  via  the  biosyn- 
thesis of  thymidylate.  Thus  an  inhibition  of  dihydrofolate  reductase  causes 
a  depletion  of  tetrahydrofolate  leading  in  turn  to  a  deficiency  in  thymidylate. 
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Such  a  deficiency  can  lead  to  a  cessation  o£  growth  in  rapidly  proliferating 
cells  such  as  tumor  cells.  Since  a  variety  of  dihydrofolate  reductase  inhibi- 
tors are  clinically  useful  as  anti-bacterials ,  anti -protozoals,  immunosuppress- 
ants and  anti -neoplastic  agents,  an  understanding  of  the  structure  and  function 
of  this  enzyme  would  be  of  basic  importance  in  both  normal  metabolism  and  clini- 
cal medicine.  As  yet,  many  of  these  basic  questions  remain  to  be  answered. 

Proposed  Course  of  Project:  Now  that  the  basic  physical  properties  of  the 
homogenoias  proteins  are  known  for  both  the  beef  and  chicken  dihydrofolate  reduc- 
tases, studies  are  continuing  towards  the  elucidation  of  the  three  dimensional 
structure  of  the  enzymes  via  X-ray  analysis.  In  addition,  studies  will  continue 
to  be  directed  toward  the  investigation  of  the  interaction  of  drugs  and  cofac- 
tors  with  the  purified  reductases . 

Publications 

Kaufman,  B.T.,  Blankenship,  D.T.  and  Freisheim,  J.H. :  Activation  of 
bovine  and  chicken  liver  dihydrofolate  reductases  and  its  relationship 
to  a  specific  cysteine  residue  in  their  NH_ -terminal  amino  acid  sequences. 
J.  Biol.  Chem.  255;  6542-6545,  1980.      ^ 
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Dihydrofolate  reductase  from  chicken  liver  binds  the  dye  Cibacron  Blue 
F3GA  in  an  "ionic  mode"  and  the  dye  is  displaced  only  by  methotrexate ,  folate 
or  dihydrofolate  but  not  by  NADP(H) .  The  enzyme  from  Lactobacillus  casei, 
however,  binds  the  dye  in  a  nonpolar  mode;  only  a  combination  of  methotrexate 
(or  folate  or  dihydrofolate)  and  NADP(H)  can  displace  the  dye  completely  from 
the  enzyme. 

The  dihydrofolate  reductase  catalytic  reaction  using  NADPH  as  the  coen- 
zyme is  activated  by  NaCl  but  the  reaction  using  NADH  as  the  coenzyme  is 
inhibited  by  NaCl .  This  dichotomy  in  the  kinetic  behavior  is  due  to  the 
mutual  exclusivity  in  the  binding  of  NADPH  and  chloride  and  mutual  accomo- 
dation of  NADH  and  chloride,  as  revealed  by  -^^Cl  NMR  studies. 


P.S-CO«0 
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^iect  Description 

'    Objectives:    (1)  To  fvestigate  thej^aters^ion  o£  c.bacron  bj^ue  F3^^^ 

pcies.  25 

Methods  Employed:  FT  NMR  Spectroscopy,  Ultraviolet  ar.d  visible  spectro- 

.sei  has  been  studied  ^7 . difference  spectroscopy .       stoichiometry .  However, 
,zyme  from  each  species  f  ^^/Pf/^^,^/Se  enz^e  and  the  site  o£  interaction 
ne  mode  o£  interaction  of  the  ^^^^^^^J^^^^^^'Q  bacterial  enzymes.  The  dye 
h   the  enzyme  are  very  different  for  the  avian  and  Dacte      /i^ydrofolate 
3ems  to  bind  in  an  almost  totally  ^l^^^^°f  ^^^^.^"laced  from  the  enzyme  only 
inding  site  to  the  chicken  liver  enzyme  ^^^/^^f  ^f  Xby  W)PH.  In  contrast , 
,  dih^drofolate  folate  o^^f^f^^faf  :,^eTs  chafactSi^  by  a  totally 
[^binding  of  the  dye  to  the  '^^^^^^^^|/^f^i;^._,^.n2  both  the  MADPH  site  and 
»,lar  interaction"  at  a  site  P^fially  overlapping  both  tn  rtially 

IXmethotrexate/dihydrofolatesite  J^^^P^  can  d.^^^^^^^      y     Y   F^^^ 

nd  methotrexate  is  more  efficient  than  N.ADPH  ^^  ^^g^^  ^^^^^  ^he  dye  from  the 
lADPH  and  methotrexate  are  ^^^f^^/°^/,'°fii'g  capable  of  binding  specifi- 
.acterial  enzyme.  We  P^°P°^^^^^^f  ^',^^,^,^^^/Somti^Ld  other  apolar  groups 
:ally  to  any  protein  P^^^^f  ^^S.^.^.^^f  ^I  "^^eH^oS^  for  proper  interaction 

f^^^^f  2lfZ^^r.lTrZiT^T"^  no.  diagnostic  of  the  ^ 


"dinucleotide  fold' 


.    The  reduction  of  dihydrofolate  to  tetrah^drofolate  catalyzed  ^y  dihydro-^ 
folate  reductase  from  c^xcken  liver  us n.N.™^^^  ^.^^  ^^^^.^^^^ 

by  NaCl,  with  a  maximum  effect  ('a.40oJ  in  ^ne  ran  coenzyme  the 

effects  beyond  that  concentration   When  NADH^as  used  as     ^^^^^^.^^^  ^e 
reaction  was  increasingly  inhibited  as  fsf^^^^^J/^/.^^^ce  of  the  enzyme  was 
longitudinal  -^-f  ^^^^^^  ^eS^f  the'enz^^e^^^^^^^^      binding  of  chloride 
increased  over  ^J^^^^^^^^^^^JJ^ed  when  NADP^  or  KADPH  was  added  to  the  enzyme 
to  the  enzyme.  This  rate  decreaseu  ^  ^^^   Addition  of  dihydro- 

Wnd  NADP(H)  bind  to  the  enzyme  m  a  competitive  and  mutually 
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that  chloride  and  MADH  may  be  bound  to  the  enzyme  simultaneously  except  in  the 
presence  of  methotrexate  when  NADH  displaces  bound  chloride.  The  activation  by 
salt  of  the  catalytic  reaction  using  NADPH  may  be  due  to  the  loosening  of 
NADPCH)  binding  to  the  enzyme  by  salt  thereby  facilitating  the  faster  release 
of  products . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Dihydrofolate  reductase  is  not  only  a  key  enzyme  in  the  metabolism  of  foli c 
acid,  it  is  also  of  major  importance  in  the  synthesis  of  DMA  via  the  biosynthe- 
sis of  thymidylate.  Thus  an  inhibition  of  dihydrofolate  reductase  causes  a 
depletion' of  tetrahydrofolate  leading  in  turn  to  a  deficiency  of  thymidylate. 
Such  a  deficiency  can  lead  to  a  cessation  of  grovvth  in  rapidly  proliferating 
cells  such  as  tumor  cells.  Since  a  variety  of  dihydrofolate  reductase  inhibi- 
tors are  clinically  useful  as  anti-bacterials,  anti-protozoals,  immunosuppres- 
sants and  anti -neoplastic  agents,  an  understanding  of  the  structure  and  func- 
tion of  this  enzyme  would  be  of  basic  importance  in  both  normal  metabolism  and 
clinical  medicine,  .As  yet,  many  of  these  basic  questions  remain  to  be  ans;vered. 

Proposed  Course  of  Project:  Now  that  the  basic  physical  properties  of 
the  homogenous  proteins  are  known  for  both  the  beef  and  chicken  dihydrofolate 
reductases,  studies  are  continuing  towards  the  elucidation  of  the  structure 
of  the  enzymes  in  terms  of  the  amino  acid  sequences  and  three  dimensional 
structure  via  x-ray  analysis.  In  addition,  studies  will  continue  to  be  directed 
toward  the  investigation  of  the  interaction  of  drugs  and  cofactors  with  the      d 
purified  reductases.  ^ 

Publications 

Subramanian,  S,  and  Kaufman,  B.T.:  Dihydrofolate  reductases  from  chicken 
liver  and  Lactobacillus  casei  bind  Cibacron  Blue  F3GA  in  different  modes 
and  at  different  sites.  TTTiol.  Chem.  2  55:  10587-10590,  1980. 

Subramanian,  S.,  Shindo,  H.  and  Kaufman,  B.T.:  Kinetic  and  "^  CI  nuclear 
magnetic  resonance  studies  of  the  effect  of  chloride  on  the  properties 
of  chicken  liver  dihydrofolate  reductase.  Biochemistry,  20-  3226-3230, 
1981.  
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  ultraviolet  difference  spectra  of  horse  liver  alcohol  dehydrogenase 
with  coenzymes  and  substrate  analogues  bear  a  very  close  resemblance  to  those 
obtained  by  perturbation  of  the  coenzymes  and  their  analogues  by  acid,  NaCl, 
dioxan  or  t-butanol.  This  indicates  the  composite  ionic  and  nonpolar  environ- 
ment the  coenzymes  experience  at  the  active  site  of  the  enzyme.  The  phosphor- 
escence spectra  do  not  indicate  the  presence  of  ionized  tyrosine  in  ternary 
complexes  involving  enzyme ,  coenzyme  and  substrate  analogues . 

The  thermodynamic  parameters  characterizing  self -association  and  ligand 
binding  of  several  proteins  were  reviewed.  Based,  on  tne  tnermochemical   ' 
behavior  of  small  molecule  interactions,  it  is  concluded  that  the  strengthening 
of  hydrogen  bonds  in  the  low  dielectric  protein  interior  and  van  der  Waals 
interactions  are  the  most  important  factors  contributing  to  the  observed 
negative  values  of  AH°  and  AS°  and  hence  to  the  stability  of  protein  association 
complexes . 
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Project  Description 

Objectives:   (1)  To  review  the  thermodynamics  of  protein  association  pro- 
cesses  in  such  cases  where  the  chemistry  and  structure  are  established,  in  order 
to  provide  a  comprehensive  explanation  for  the  origin  of  the  AG° ,  AH°  and  AS° 
parameters . 

(2)  To  investigate  the  nature  of  interactions  in  the  complex  formation 
between  horse  liver  alcohol  dehydrogenase  and  NAD(H)  with  several  substrate 
analogues . 

Slethods  Employed:  Ultraviolet  Spectroscopy;  Phorphorescence  Spectroscopy 

Major  Findings :  Reviewing  the  thermodynamic  parameters  characterizing 
self-association  and  ligand  binding  of  proteins  at  25°  we  find  AG",  AH°,  AS° 
and  AC  are  often  all  of  negative  sign.  It  is  thus  not  possible  to  account 
for  thi  stability  of  association  complexes  of  proteins  on  the  basis  of  hydro- 
phobic interactions  alone.  We  present  a  conceptual  model  of  protein  association 
consisting  of  two  steps;  the  mutual  penetration  of  hydration  layers  causing 
disordering  of  the  solvent  followed  by  further  short-range  interactions.  The 
net  AG°  for  the  complete  association  process  is  primarily  determined  by  the 
positive  entropy  change  accompanying  the  first  step  and  the  negative  enthalpy 
change  of  the  second  step.  Based  upon  the  thermochemical  behavior  of  small 
molecule  interactions,  we  conclude  that  the  strengthening  of  hydrogen  bonds 
in  the  low  dielectric  macromolecular  interior  and  van  der  Waals '  interactions 
introduced  as  a  consequence  of  the  hydrophobic  effect  are  the  most  important 
factors  contributing  to  the  observed  negative  values  of  AH°  and  AS°  and  hence 
to  the  stability  of  protein  association  complexes .  The  X-ray  crystallographic 
structures  of  these  complexes  are  consonant  with  this  analysis.  The  tendency 
for  protein  association  reactions  to  become  entropy  dominated  and/or  entropy- 
enthalpy-assisted  at  low  temperatures  and  enthalpy -dominated  at  high  tempera- 
tures (a  consequence  of  the  typically  negative  values  of  ACp)  arises  from  the 
diminution  of  the  hydrophobic  effect  with  increasing  temperature  which  is 
a  general  property  of  the  solvent  water. 

When  the  ternary  complex  of  liver  alcohol  dehydrogenase -NADH-isobutyramide 
is  formed,  the  fluorescence  of  Trp-314  is  quenched  and  it  was  proposed  by  other 
workers  that  Try-286  gets  ionized  upon  complex  formation  which  is  responsible 
for  the  fluorescence  quenching.  IJV  spectral  features  were  pointed  out  as  evi- 
dence for  Tyr-286  ionization.  We  studied  the  spectra  of  several  complexes  care- 
fully and  the  spectra  of  coenzymes  in  several  solvents  and  conclude  that  the 
spectral  features  thought  to  indicate  Try-2S6  ionization  actually  arise  from  the 
coenzymes  bound  in  an  ionic  environment  in  liver  alcohol  dehydrogenase  and  that 
the  tyrosine  286  does  not  appear  to  ionize  in  concordance  with  our  previous 
thermodynamic  study  on  the  enzyme.  In  addition,  the  phosphorescence  spectra 
of  ternary  complexes  do  not  indicate  the  presence  of  an  ionized  tyrosine. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  project  is  designed  to  obtain  a  better  understanding  of  the  structure- 
function-interaction  thermodynamics  relationships  in  dehydrogenases.  The  basic 
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knowledge  gained  thereby  is  helpful  in  unraveling  the  mechanistic  aspects  o£ 
glycolytic  and  metabolic  enzymes . 

Publications 


Ross,  P,D.  and  Subramanian ,  S.:  Thermodynamics  o£  protein  association 
reactions:  forces  contributing  to  stability.  Biochemistry,  20:  3096- 
3102,  1981. 

Subramanian,  S.,  Ross,  J.B.A.,  Ross,  P.D.  and  Brand,  L. :  TJltraviolet 
absorption  and  phosphorescence  studies  of  binary  and  ternary  complexes 
of  liver  alcohol  dehydrogenase  with  coenzymes  and  substrate  analogues . 
Biochemistry,  1981,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  with  rats  have  investigated  the  impaired  utilization  of  a-tocoph- 
erol  (vitamin  E)  when  vitamin  A  is  provided  in  the  diet  as  retinoic  acid  rather 
than  retinol.   It  was  found  that  dietary  retinoic  acid  inhibits  the  intestinal 
absorption  of  a-tocopherol  and  also  promotes  its  oxidation  to  tocopheryl  qui- 
none.   Retinoic  acid  had  no  effect  on  the  excretion  or  composition  of  bile. 
The  observation  that  the  addition  of  bile  acid  to  the  diet  reversed  the  inhibi- 
tory effect  of  retinoic  acid  on  tocopherol  absorption  suggests  that  retinoic 
acid  interferes  with  normal  mixed  micelle  formation.   In  other  studies,  the 
administration  to  rats  of  vitamins  A  and  E  intravenously  in  a  total  parenteral 
nutrition  solution  showed  that  these  vitamins  were  efficiently  stored  in  tissues 
and  normal  blood  concentrations  were  maintained.   The  esterified  form  of  vita- 
min E  which  was  administered  was  completely  hydrolyzed  and  only  a-tocopherol 
was  found  In  blood  and  liver. 


ZOl  AM  15300-16  LNE 

Objectives:  To  determine  the  nutritional,  biochemical  and  physiological 
role  of  essential  nutrients  for  experimental  animals.  To  define  the  metabol- 
ic function  of  certain  nutrients  and  to  study  nutritional  effects  on  the  tis- 
sue levels  of  various  metabolites. 

Methods  Employed:   Rats,  hamsters  and  gun'nea  pigs  are  fed  specially 
prepared,  highly  purified  diets  that  contain  adequate  amounts  of  each  nutri- 
ent known  to  be  required  by  the  particular  species.   The  effects  of  specific 
deficiencies  and  imbalances  are  assessed  by  measurement  of  physiological, 
chemical  and  enzymological  changes  in  the  animal,  its  tissues  and  excreta. 

Major  Findings:   Last  year  we  reported  that  two  different  forms  of  die- 
tary vitamin  A  —  retinol  and  retinoic  acid  —  had  markedly  different  effects 
on  the  intestinal  absorption  of  vitamin  E.   Retinoic  acid  in  the  diet  causes 
an  approximately  50%  reduction  in  the  absorption  of  a-tocopherol .   In  fur- 
ther studies  of  this  interaction  between*  two  fat-soluble  vitamins,  we  have 
found  that  this  effect  of  retinoic  acid  occurs  with  both  free  and  esterified 
ct-tocopherol,  hence  the  obligatory  hydrolysis  of  the  ester  is  not  a  factor. 
Rats  were  fed  diets  containing  retinol  or  retinoic  acid  (3  mg/kg  diet)  and 
vitamin  E  as  either  free  or  esterified  ct-tocopherol  for  three  weeks.   Analy- 
ses at  this  time  of  plasma  and  liver  for  a-tocopherol  showed  a  similar  dimi- 
nution in  both  tissues  in  rats  fed  retinoic  acid  with  either  form  of 
a-tocopherol.   Analyses  of  feces  for  the  last  five  days  revealed  that  where- 
as retinol  rats  excreted  33%  of  either  form  of  ingested  a-tocopherol,  reti- 
noic acid  rats  excreted  67%.   In  addition  to  decreasing  absorption,  retinoic 
acid  promoted  twice  as  much  oxidation  of  ct-tocopherol  to  a-tocopheryl  quinone 
in  the  intestinal  contents.   This  was  shown  by  thin  layer  chromatographic 
analysis  of  a  lipid  extract  of  intestinal  contents  after  an  oral  dose  of 
^H-a-tocopherol . 

In  considering  the  mechanism  of  how  retinoic  acid  interferes  with  to- 
copherol absorption,  we  looked  at  bile  output  and  also  bile  acid  composition. 
(It  is  well-established  that  bile  is  essential  for  tocopherol  absorption) . 
Rats  fed  retinol  or  retinoic  acid  for  two  weeks  had  their  bile  ducts  cannu- 
lated.   Collection  of  bile  for  two  hours  revealed  no  difference  in  output 
between  the  two  groups.   Analyses  of  the  bile  by  thin  layer  chromatography 
yielded  four  separate  bile  acids.   Quantification  showed  no  differences 
in  any  of  these  components  due  to  feeding  retinol  or  retinoic  acid. 

It  was  recalled  that  twenty  years  ago  Matschiner  and  Doisy  in  studying 
the  antagonism  between  excess  dietary  retinol  and  vitamin  K  showed  that 
addition  of  bile  salt  to  the  diet  overcame  the  hemorrhagic  effect  of  retinol. 
When  we  added  0.2%  taurocholic  acid  to  the  diet  of  rats  receiving  retinoic 
acid,  the  previously  observed  action  of  retinoic  acid  in  inhibiting 
a-tocopherol  absorption  was  eliminated.   At  this  time,  we  conclude  that  re- 
tinoic acid,  due  to  its  amphophilic  properties,  in  some  manner  interferes 
with  the  formation  of  mixed  micelles  necessary  for  tocopherol  absorption. 
(Dr.  Bieri)  . 
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Other  continuing  studies  have  determined  the  utilization  of  vitamins  A 
and  E  given  by  total  parenteral  nutrition  (T?N)  to  rats.   The  concentration 
of  the  vitamins  in  the  commercial  solution  used  clinically  had  to  be  increased 
several  fold  in  order  to  overcome  the  previously  reported  adsorption  by  the 
plastic  tubing.   Male  rats  fitted  with  cannulas  in  the  jugular  vein  were  in- 
fused with  a  complete  nutrient  solution.   Control  rats  were  sham-operated 
and  given  the  same  volume  of  TPN  solution  to  drink.   All  rats  had  been  deple- 
ted of  vitamins  A  and  E  for  two  months  prior  to  experiment.   At  the  end  of 
seven  days  of  TPN  or  oral  feeding,  tissues  were  analyzed  for  the  two  vita- 
mins.  The  percenis  of  administered  vitamins  that  were  stored  in  the  liver 
were:   vitamin  A,  72%  and  36%;  vitamin  E,  5.1%  and  1.8%  for  TPN  and  oral 
feeding,  respectively.   Both  routes  of  administration  gave  similar,  normal 
blood  concentrations  for  both  vitamins.   This  study  shows  that  vitamins  A 
and  E  given  intravenously  as  part  of  total  parenteral  nutrition  are  more 
efficiently  retained  by  tissues  than  the  same  amount  of  the  vitamins  given 
orally.   Part  of  this  difference,  however,  is  due  to  the  inefficient  intes- 
tinal absorption  of  these  vitamins,  particularly  vitamin  E.   (Dr.  McKenna) . 

Publications: 

(1)  Catignani,  G.L.,  and  Bieri,  J.G.:   Ineffectiveness  of  testosterone 
and  FSH  in  maintaining  the  vitamin  A  deficient  rat  testis.   Nutr. 
Metab.  24:  255-260,  1980. 

(2)  Robison,  W.G.,  Jr.,  Kuwabara,  T.,  and  Bieri,  J.G.:  Deficiencies  of 
vitamins  E  and  A  in  the  rat:  Retinal  damage  and  lipofuscin  accumu- 
lation.   Invest.  Ophthalmol.  Visual  Sci.  19:  1030-1037,  1980. 

(3)  Bieri,  J.G.,  and  McKenna,  M.C.:   Expressing  dietary  values  for  fat- 
soluble  vitamins:   Changes  in  concepts  and  terminology.   Am.  J.  Clin. 
Nutr.  32:  289-295,  1981. 

(4)  Bieri,  J.G.,  Wu,  A.-L.,  and  Tolliver,  T.J.:   Reduced  intestinal  absorp- 
tion of  vitamin  E  by  low  dietary  levels  of  retinoic  acid  in  rats. 

J.  Nutr.  Ill:  458-467,  1981. 
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SUMMARY    OF    WORK    (200   words    or   less   -   underline    keywords)    MuCOSal    epithelial    cells    of     the    small 

intestine  were  identified  as  a  major,  and  possibly  the  only  significant  source 


of  citrulline  in  the  circulation  of  the  rat.   Contrary  to  earlier  views,  the 
liver  was  found  not  to  release  citrulline  under  normal  conditions.   The  kidneys 


are  an  important  source  of  circulating  arglnlne,  which  is  synthesized  there  from 
citrulline  of  intestinal  origin.   Thus  the  small  intestine  and  kidneys  cooperate 
to  provide  an  endogenous  source  of  arginine  for  use  by  other  tissues.   In  other 
studies  with  isolated,  perfused  organs  and  with  double-isotope  labeling  methods 
in  vivo,  it  was  shown  the  small  intestine  in  the  rat  biosynthesizes  only  the 
smaller  of  two  variant  forms  of  plasma  apolipoprotein  B,  a  lipoprotein  polypep- 
tide that  functions  in  the  biogenesis  and"  metabolism  ot  triglyceride-rich  lipo- 
proteins.  Liver,  on  the  other  hand,  was  found  to  synthesize  both  variants.   The 
production  ratio  of  the  two  forms  of  apolipoprotein  B  seems  to  be  dependent  on 
the  animal's  physiological  state.   The  two  apoproteins  from  liver  are  independ- 
ently metabolized  at  different  rates,  consistent  with  the  hepatic  production  of 
multiple  apolipoprotein  B-containing  lipoproteins  having  different  metabolic 
properties.   Taken  together,  the  results  suggest  a  regulatory  mechanism  for  de- 
termining  the  metabolic  fate  of  lipids  released  from  the  liver. . 
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Objectives:   To  increase  our  understanding  of  the  biochemical  transfor- 
mations occurring  in  the  liver  and  small  intestine.   To  define  the  nutriti- 
onal requirements  of  these  organs,  to  study  the  effects  of  hormones  and  nutri- 
tional variables,  and  to  study  the  physiological  relationship  of  these  organs 
to  other  tissues  of  the  body. 

Methods  Employed:   Surgical  and  biochemical  techniques  are  used.   Sur- 
gically prepared  animal  preparations  include  isolated,  perfused  rat  livers; 
isolated  vascularly  perfused  rat  small  intestine;  isolated  segments  of  rat 
small  intestine  autoperfused  in  situ;  supra-diaphragmatic  rat  preparations; 
and  intact  animals  with  various  in-dwelling  catheters  —  in  the  duodenum, 
mesenteric  lymph  duct,  bile  duct,  and  jugular  vein.   The  metabolic  and  trans- 
port activity  of  the  organs,  isolated  or  in  situ,  are  studied  by  a  combina- 
tion of  biochemical  and  radiochemical  techniques.   The  fate  of  labeled  metabo- 
lites is  quantitatively  determined  and  the  concentration  of  various  blood  and 
tissue  metabolites  is  measured  enzymatically .   Various  blood  and  lymph  pro- 
teins are  isolated  by  a  combination  of  ultracentrifugal  and  electrophoretic 
methods,  and  their  rates  of  biosynthesis  determined  from  the  rates  of  in- 
corporation of  appropriate  radioactively-labeled  precursors.   Also,  tissue 
enzymes  are  localized,  isolated  and  characterized. 

Major  Findings:   (A)  Source  and  fate  of  circulating  citrulline.   Arginine 
is  required  by  all  tissues  for   protein   biosynthesis  and  by  some  tissues 
also  as  an  amidine  donor  in  transamidination  reactions,  as  in  creatine  bio- 
synthesis.  Although  young  animals  require  dietary  arginine  for  optimal  growth, 
the  arginine  needs  of  adults  can  be  met  by  endogenous  biosynthesis.   The  endog- 
enous arginine  sources  for  most  tissues  have  remained  uncertain,  however.   The 
liver  synthesizes  large  amounts  of  arginine,  but  none  is  released  into  the 
circulation  owing  to  the  high  level  of  hepatic  arginase,  which  catalyzes  the 
hydrolysis  of  arginine  to  urea  and  ornithine.   Arginine  can  also  be  synthe- 
sized by  the  kidneys,  and  kidneys  are  known  to  release  arginine  into  the  blood. 
Kidneys,  unable  to  synthesize  arginine  de  novo ,  depend  upon  a  supply  of  its 
immediate  precursor,  citrulline.   It  has  long  been  thought  that  the  citrulline 
utilized  for  renal  arginine  biosynthesis  is  produced  in  the  liver. 

Work  from  our  laboratory  in  the  last  few  years  has  shown, ' meanwhile,  that 
there  is  a  continuous  release  of  citrulline  into  the  circulation  from  the  mu- 
cosal epithelial  cells  of  the  small  intestine,  where  the  nitrogen  and  part  of 
the  carbon  for  citrulline  production  is  derived  from  the  continuous  catabolism 
of  plasma  glutamine.   Glutamine,  in  turn,  is  a  major  end-product  of  amino  acid 
catabolism  in  skeletal  muscle.   In  order  to  assess  the  physiologic  importance 
of  the  intestinal  citrulline  contribution  and  to  reevaluate  the  importance 
of  the  liver,  we  have  quantified  citrulline  uptake  and  release  by  these  two 
organs,  by  the  kidneys,  and  by  other  organs  of  rats.   Using  vascularly  auto- 
perfused segments  of  rat  jejunum,  it  was  shown  that  the  rate  of  intestinal  cit- 
rulline release  into  the  circulation  was  quite  constant,  being  the  same  whether 
the  intestinal  lumen  contained  a  meal  or  whether  it  was  empty.   Intestine  was 
found  to  be  incapable  of  converting  citrulline  to  arginine;  thus  all  the  cit- 
rulline produced  was  released  into  the  hepatic  portal  circulation.   Studies 
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with  isolated  perfused  rat  livers  showed  that  very  little  of  the  intestinally- 
released  citrulline  was  taken  up  by  the  liver.   More  than  99%  passed  through 
the  liver  and  became  available  to  other  body  tissues.   Additional  perfusion 
studies  showed  that  there  was  also  no  net  hepatic  release  of  citrulline  under 
a  variety  of  physiological  conditions,  even  when  liver  was  supplied  with  large 
quantities  of  amino  acids  and  ammonia  in  the  presence  or  absence  of  added  in- 
sulin or  glucagon.   The  hepatic  release  of  citrulline  observed  by  earlier 
workers  could  be  explained  by  the  grossly  high,  unphysiological  concentra- 
tions of  ornithine  and  ammonia  to  which  the  livers  were  exposed  in  their  stud- 
ies . 

Arteriovenous  difference  measurements  across  the  kidneys  of  fed  or  fasted 
rats  revealed  (a)  an  uptake  of  citrulline  approximately  equivalent  to  the 
rate  of  intestinal  citrulline  release,  and  (b)  a  rate  of  renal  arginine  re- 
lease equivalent  to  about  80%  the  rate  of  citrulline  uptake.   Arteriovenous 
difference  measurements  across  a  number  of  other  tissues  or  body  regions 
failed  to  identify  other  significant  sites  for  citrulline  production  or  uti- 
lization.  Furthermore,  exclusion  of  the  intestine  from  the  circulation 
caused  a  30%  decrease  in  the  blood  citrulline  concentration  within  5  minutes, 
with  little  subsequent  change;  nephrectomy  produced  a  17%  increase.   The 
results  identify  the  intestine  as  a  quantitatively  important  source  of  cir- 
culating citrulline  and  identify  the  kidneys  as  the  important  site  of  utiliza- 
tion.   However,  when  the  blood  citrulline  level  is  artificially  elevated  or 
depressed,  other  tissues  can  assume  a  role  in  citrulline  exchange.   Further 
experiments  to  study  the  fate  of  intravenously-administered  ^'^C-labeled  cit- 
rulline were  complicated  by  the  very  rapid  rate  of  equilibration  of  the  amino 
acid  between  the  plasma  and  the  extravascular  space  —  70%  of  the  dose  was 
lost  from  blood  in  one  minute. 

These  studies  have  challenged  the  assumed  importance  of  the  liver  as  a 
source  of  circulating  citrulline  and  revealed  a.  cooperativity  between  the 
small  intestine  and  kidneys  in  supplying  the  tissues  with  arginine. 

(B)  Biosynthesis  and  heterogeneous  metabolism  of  variant  forms  of  plasma 
apolipoprotein  B.   Apolipoprotein  B  (apoB)  is  a  major  protein  constituent  of 
the  plasma  very  low  density  lipoproteins  (VLDL)  and  low  density  lipoproteins 
(LDL) ,  the  major  triglyceride  and  cholesterol  transport  vehicles  in  human 
blood.   ApoB  is  synthesized  by  liver  and  small  intestine,  the  sources  of  VLDL, 
and  is  required  for  VLDL  assembly  or  secretion  by  these  tissues.   It  also 
functions  in  lipoprotein  metabolism,  by  interacting  with  specific  cell-surface 
receptors,  thereby  initiating  lipoprotein  endocytosis  and  catabolism  in  vari- 
ous tissues.   It  was  reported  recently  that  plasma  VLDL  and  LDL  contain  two 
variant  forms  of  apoB  differing  in  size  and  in  immunological  reactivity  with 
certain  antisera.   Large  apoB  (apoBL)  and  small  apoB  (apoBg)  in  the  rat  have 
apparent  molecular  weights  of  approximately  335,000  and  240,000  respectively. 

We  have  now  determined  the  ability  of  rat  small  intestine  and  rat  liver 
to  synthesize  each  apoB  variant.   We  employed  isolated,  vascularly  perfused 
preparations  of  each  tissue  and  also  a  double-isotope  technique  that 
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differencially  labels  the  protein  products  of  the  two  organs  in  vivo . 
Results  showed  that  the  apoB  of  intestinally-made  VLDL  is  >  95%  apoBs;  in- 
testine made  only  a  trace  amount  of  apoBL .   Liver,  on  the  other  hand,  synthe- 
sized both  apoB  variants  in  abundance.   The  hepatic  apoBL/apoBs  production 
ratio  varied  with  the  physiological  state  of  the  animal,  suggesting  metabol- 
ic regulation.   This  may  be  important  because  it  was  also  found  that  the  two 
variants  were  differently  metabolized.   The  circulating  residence  time  of 
hepatic  apoB^  was  2.A-times  as  long  as  that  of  hepatic  apoBg .   ApoBg  of  in- 
testinal origin  disappeared  from  blood  even  more  rapidly  than  that  from 
liver. 

The  physiological  significance  of  these  results  remains  to  be  determined. 
However,  findings  from  other  laboratories  suggest  that  the  apoB  variants 
play  a  role  in  determining  the  site  of  final  catabolism  of  partially  metabo- 
lized VLDL  particles.  During  the  initial  stages  of  their  metabolism  in  peri- 
pheral tissues,  apoBL-containing  particles  yield  LDL  which  bind  to  and  are 
catabolized  by  a  variety  of  cell  types,  a  process  important  in  regulating 
cholesterol-genesis  in  these  cells.   Meanwhile,  apoBg-containing  VXDL  yield 
remnants  which  are  cleared  and  catabolized  by  the  liver.   Therefore,  if  the 
apoBi^^/apoBg  production  ratio  in  liver,  the  major  source  of  apoB,  is  under 
physiological  control,  a  mechanism  is  suggested  for  regulating  the  metabolic 
fate  of  cholesterol  and  perhaps  triglyceride  produced  by  the  liver. 

Proposed  Course:   To  determine  the  apolipoprotein  products  of  the  liver 
under  different  physiological  conditions;  to  characterize  the  lipoproteins 
with  which  these  apoproteins  are  associated;  to  determine  the  metabolic  fate, 
if  possible,  of  the  lipoproteins  containing  the  different  forms  of  apoB . 
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SUMMARY  OF  WORK  (200  -ords  or  less  -  underline  keywords) 

We  have  used  3T3-LI  fibroblasts  for  studying  hormonal  regulation  of  lipoprotein 
lipase  (LPL)  in  adipocytes.  Earlier  studies  showed  that  insul in  is  most 
important  in  expression  of  the  fat  cell  phenotype,  development  of  LPL  and 
deposition  of  triacylglycerol  (TG).   Insulin  is  also  the  primary  regulatory 
factor  of  LPL  in  mature  3T3-LI  fat  cells.  Immunochemical  methods  are  now  being 
developed  to  assay  the  enzyme  protein  independent  of  its  catalytic  activity. 
Preliminary  results  indicate  that  under  certain  conditions  when  there  are  rapid 
large  changes  in  enzyme  activity  in  the  cells,  there  is  little  or  not  change  in 
the  amount  of  immunoreactive  protein.  This  suggests  there  are  mechanisms  for 
rapid  interconversion  of  high  and  low  activity  forms  of  the  enzyme  in  the  cells 
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Project  Description: 

Objectives 

To  determine  the  influence  of  hormones,  lipoprotein  lipase  and  other 
factors  on  the  metabolism  of  lipid  in  adipose  tissue,  mammary  gland,  and 
other  tissues.  To  determine  how  hormone';  regulate  lipoprotein  lipase 
activity  in  tissues.  To  develop  a  culture  system  for  mammary  and  adipose 
cells  that  support  differentiation  of  functions  in  response  to  hormones 
in  vitro. 

Methods  Employed 

Animals  are  deprived  of  endocrine  glands  and  treated  with  hormones  or 
other  substances.  Effects  of  the  above  on  lipid  metabolism  and  lipoprotein 
lipase  activity  in  tissues  are  determined  with  in  vivo  and  in  vitro  studies 
using  conventional  and  radioisotopic  techniques.  Effects  of  hormones  added 
in  vitro  are  also  studied.  Cells  isolated  from  adipose,  mammary,  and  other 
tissues  are  grown  in  culture  and  used  for  study  of  mechanism  of  action  of 
hormones. 

Major  Findings 

Hormonal  Regulation  of  Lipoprotein  Lipase  in  3T3-L1  Fat  Cel Is 

For  three  years  we  have  used  the  murine  3T3-L1  fibroblast  as  a  model 
for  studying  hormonal  regulation  of  lipoprotein  lipase.   Insulin  is  the  most 
important  hormonal  factor  in  the  expression  of  the  fatty  phenotype  in  immature 
cells,  development  of  lipoprotein  lipase  activity  and  accumulation  of  intra- 
cellular triacylglycerol .  We  found  in  mature  fat  cells  that  insulin  regulates 
lipoprotein  lipase  activity  by  (1)  stimulating  gene  expression  and  mRNA 
synthesis  independently  of  its  effects  on  transport  of  hexoses  and  amino  acids, 
(2)  stimulating  hexose  transport,  which  is  essential  for  expression  of  nuclear 
effects  of  insulin  at  the  translational  level,  and  (3)  stimulating  release  of 
lipoprotein  lipase  from  the  cells  by  a  process  that  is  independent  of  cellular 
oxidative  energy  and  not  inhibited  by  colchicine,  cytocholasin  or  cyclohexi- 
mide.  Recent  findings  indicate  that  basal  and  insulin-stimulated  lipoprotein 
lipase  activities  decline  equally  after  addition  of  uncouplers  of  energy 
metabolism  (arsenate  and  2,4-DNP)  in  either  the  presence  or  absence  of  cyclo- 
heximide,  an  inhibitor  of  protein  synthesis.  The  results  suggest  that  oxida- 
tive energy  (ATP)  generated  in  the  cell  affects  lipoprotein  lipase  activity 
in  some  way  that  is  independent  of  protein  synthesis. 

Cells  grown  in  the  presence  of  insulin  and  glucose  for  24  h  or  more  show 
high  lipoprotein  lipase  activity.   In  contrast  cells  grown  with  insulin  but 
without  glucose  show  only  low  activity  of  this  enzyme.  However,  when  glucose 
is  added  there  is  a  rapid  increase  in  enzyme  activity  to  values  similar  to 
those  in  cells  grown  with  insulin  and  glucose.  This  rise  does  not  occur  when 
glucose  is  fed  to  cells  grown  without  insulin,  and  the  rise  in  cells  pre- 
treated  with  insulin  is  much  faster  than  when  glucose  and  insulin  are  added 
together.  These  results  suggest  that  a  low-activity  form  of  the  enzyme  is 
formed  under  the  influence  of  insulin,  and  it  is  rapidly  converted  to  a  more 
active  form  when  glucose  is  also  present. 
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To  further  explore  what  different  forms  of  lipoprotein  lipase  that 
these  cells  contain  and  how  these  forms  are  interconverted  we  needed  methods 
to  assay  enzyme  protein  independent  of  its  catalytic  activity.  Such  methods 
are  being  developed  by  Dr.  Thomas  Olivecrona  from  Umea,  Sweden  who  is  now  a 
Visiting  Scientist  in  our  laboratory.  Dr.  Olivecrona  had  earlier  purified 
lipoprotein  lipase  from  bovine  milk  by  established  methods  which  yielded  a 
preparation  of  high  purity.  This  was  used  as  antigen  for  immunization  of 
several  different  animals.  Chickens  were  found  to  give  antisera  which  cross- 
reacted  with  lipoprotein  lipase  from  3T3-L1  cells.  Using  this  antiserum 
brought  from  Sweden,  we  are  currently  setting  up  methods  for  radioimmunoassay 
of  the  enzyme  protein  in  cell  fractions  of  the  3T3-L1  cells,  as  well  as  in 
culture  media.  This  work  is  presently  at  an  early  stage,  but  preliminary 
data  indicate  that  there  is  only  small  changes  in  the  amount  of  enzyme  protein 
in  the  cells  under  the  conditions  that  produce  rapid,  large  changes  in  enzyme 
activity,  for  example,  when  glucose  is  fed  to  cells  incubated  with  insulin, 
or  when  the  energy  metabolism  of  the  cells  is  inhibited  by  arsenate  and 
2,4  dinitrophenol .  These  results  support  the  hypothesis  that  there  is  inter- 
conversion  of  high  and  low  activity  forms  of  lipoprotein  lipase  in  the  cells. 

Antibodies  to  Lipoprotein  Lipase  of  3T3-L1  Fat  Cells 

Lipoprotein  lipase  released  to  incubation  medium  by  3T3-L1  fat  cells  in 
response  to  insulin  has  been  purified  by  affinity-chromatography  with  heparin- 
sepharose,  and  antibodies  to  the  purified  enzyme  have  been  raised  in  rabbits. 
One  rabbit,  given  10  booster  shots  in  one  year,  developed  a  yery   high  titer   | 
of  antibody  against  the  enzyme.  Although  the  antibody  was  raised  against 
enzyme  secreted  into  the  medium,  it  reacted  with  both  cell  and  medium  lipo- 
protein lipase.   IgG  was  purified  from  this  antiserum  on  columns  of  DEAE- 
Affigil  Blue  and  tested  against  cell  lipoprotein  lipase  activity,  20  yg 
completely  inhibited  3  mU  of  lipolytic  activity.  This  indicates  that  all  of 
the  active  enzyme  present  in  these  cells  reacts  with  antibody  raised  to  the 
medium  antigen. 

Uptake  of  Cholesterol  by_  Cultured  Cells 

Uptake  of  cholesterol  from  low  density  lipoprotein  (LDL)  and  its  accumu- 
lation in  esterified  form  in  lipid  deposits  in  arteries  is  an  important 
problem  in  human  disease.  We  are  studying  the  mechanism  of  this  process, 
particularly  the  transport  of  cholesterol  in  membranes  and' the  effect  of  fatty 
acids  on  deposition  of  cholesteryl  ester  in  cultured  cells.  We  have  examined 
uptake  of  LDL  cholesterol  by  various  types  of  cells  to  find  one  which 
accumulates  cholesteryl  esters  and  other  lipids. 

1.  3T3-L1  cells,  after  differentiating  into  adipocytes,  accumulate 
large  amounts  of  triacylglycerol  as  lipid  droplets,  but  we  have  found  no 
evidence  of  any  net  retention  of  cholesterol  or  cholesteryl  ester  from  LDL. 
Studies,  performed  by  Dr.  Jeffrey  M.  Hoeg  to  measure  binding  of  LDL,  indicate 
virtual  absence  of  receptors  for  LDL  on  the  membranes  of  these  cells. 

2.  Human  Monocytes  had  no  change  in  cholesteryl  ester  content  after 
short-term  incubation  with  modified  LDL.   It  is  possible  that  longer  incuba- 
tions, coupled  with  exposure  to  much  higher  levels  of  acetyl  LDL,  might 

yield  different  results.  I 
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3.  J774  Macrophages,  an  established  and  well  characterized  line  of 
macrophages,  accumulated  large  amounts  of  cholesterol  and  cholesteryl  ester 
when  incubated  with  acetyl  LDL  for  4  d.  Experiments  are  now  under  way  to 
determine  the  relationship  between  accumulation  of  cholesteryl  ester  and 
that  of  triacylglycerol . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

Lipoprotein  lipase  is  necessary  for  the  uptake  of  triacylglycerol  from 
blood  by  extrahepatic  tissues.  Earlier  studies  in  this  laboratory  showed 
that  the  enzyme  acts  in  capillary  endothelium  to  hydrolyze  triacylglycerol 
to  partial  glycerides  and  fatty  acids  which  cross  the  capillary  to  be 
utilized  by  tissue  cells.  The  present  studies  contribute  information  concern- 
ing the  regulation  and  synthesis  of  lipoprotein  lipase  in  adipocytes,  the 
probable  source  of  this  enzyme  in  adipose  tissue.  It  is  evident  that  this 
enzyme  plays  a  major  role  in  the  deposition  of  triacylglycerol  in  adipose 
tissue. 

Proposed  Course 

We  will  continue  to  develop  an  immunochemical  procedure  for  measuring 
lipoprotein  lipase  in  cells  and  incubation  medium  and  will  use  it  to  study 
various  aspects  of  enzyme  synthesis.  We  are  also  proceeding  with  isolation 
of  insulin-induced  enzyme  protein  and  the  active  form  of  lipoprotein  lipase 
following  exposure  of  insul in-pretreated  cells  to  glucose.  From  this  infor- 
mation we  will  determine  the  changes  in  the  enzyme  protein  that  result  in 
lipoprotein  lipase  activity.  From  earlier  studies  it  appears  that  incorpora- 
tion of  a  product  of  glucose  metabolism  may  be  necessary  for  full  enzyme 
activity. 

Publ ications: 

None 
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evidence  for  the  model.  Our  studies  have  now  been  extended  to  include  brown  fat 
of  suckling  rats,  and  heart,  liver  and  white  adipose  tissue  of  adult  rats.  We 
present  herein  evidence  that  the  membrane  of  endoplasmic  reticulum  is  con- 
tinuous with  plasma  membrane  in  liver  and  adipose  tissue  of  adult  rats,  and  that 
the  membrane  of  sarcoplasmic  reticulum  in  adult  rat  heart  is  continuous  with  the 
outer  mitochondrial  membrane  as  well  as  with  plasma  membrane.  Thus,  our  new 
findings  indicate  that  the  interfacial  continuum  of  membranes  proposed  for 
fatty  acid  transport  from  capillaries  to  endoplasmic  reticulum  in  parenchymal 
cells  can  be  extended  to  include  delivery  of  fatty  acids  to  mitochondria  for 
oxjdation.  Phase  microscopic  study  of  ionizing  oleic  acid  shows  that  fo"nized 
oleic  acid  immeditely  entered  the  lipid-water  interface  and  that  growth  of  the 
interface  formed  fijamenti  and  finger-like  structures.  Also,  very  little  if 
any  of  the  fatty  acids  desorbed  as  monomers  into  the  aqueous  phase  at  pH  <9 
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Project  Description-: 

Objectives 

To  study  structure  and  metabolism  of  cells  that  synthesize  and  secrete 
lipids,  hormones  and  enzymes.  To  study  transport  of  lipids,  hormones  and 
enzymes  across  capillary  endothelium  basement  membrane  and  extracellular 
space  in  different  tissues.  To  study  uptake  of  lipids,  hormones  and  enzymes 
by  different  cells.  To  study  structure  of  cellular  membranes  and  their  role 
in  lipid  metabolism.  To  correlate  structural  with  biochemical  changes 
induced  experimentally  in  cells  and  tissues.  To  study  effects  of  lipolytic 
enzymes  on  lipid  monolayers  and  lateral  movement  of  products  in  the 
interface. 

Methods  Employed 

Animals  of  different  species  and  ages  and  in  various  physiological 
states  (e.g.,  fasti ng^ pregnant)  are  used  to  study  with  biochemical  and 
morphological  techniques  synthesis,  and  storage  or  secretion  of  triacylglyc- 
erol  in  adipose  tissue,  heart,  mammary  gland,  liver  and  intestines,  and 
uptake  and  utilization  of  blood  triacylglycerol  by  adipose  tissue,  heart, 
mammary  gland  and  muscle.  Morphology  of  cellular  membranes  and  other 
structures  are  studied  with  the  electron  microscope  and  the  freeze-fracture 
technique. 

Monolayer  techniques  are  used  to  study  action  of  lipoprotein  and  other 
lipases  on  triacylglycerol  and  movement  of  lipolytic  products  in  the  gas- 
water  interface. 

Major  Findings 

Demonstration  of  Continuity  between  Plasma  Membrane  and  the  Membrane  of 

Endoplasmic  Reticulum 

We  developed  a  technique,  using  tannic  acid  (MW  1700),  to  mark  the 
extracellular  compartment  of  tissues  and  we  have  used  it  to  mark  intracellular 
channels  open  to  the  extracellular  space  in  various  tissues.  Exposure  of 
tissue  to  tannic  acid  after  glutaraldehyde  fixation  results  in  increased 
electron  opacity  of  the  extracellular  space,  vesicles  and  channels  formed  by 
invaginations  of  plasma  membrane,  and  endoplasmic  reticulum.  In  adipocytes 
of  both  brown  and  white  adipose  tissue,  electron  opaque  material  was  found  in 
intracellular  channels  that  surrounded  triacylglycerol  droplets,  and  thus, 
these  channels  were  identified  as  endoplasmic  reticulum.  In  hepatocytes  from 
liver  of  diabetic  rats,  electron  opaque  material  was  found  in  the  lumen  of 
endoplasmic  reticulum,  some  of  which  contained  lipoprotein  particles.  In 
duodenal  cells  of  suckling  rats,  membrane-limited  tubules  originating  as 
invaginations  of  the  apical  plasma  membrane  also  contained  electron  opaque 
material.  Exposure  of  tissue  to  tannic  acid  after  aldehyde  fixation  precludes 
uptake  of  tannic  acid  by  active  micropinocytotic  transport.   In  our  study, 
tannic  acid  did  not  cross  membranes  of  aldehyde-fixed  tissue,  as  evidenced  by 
lack  of  increased  electron  opacity  within  the  cytoplasmic  matrix.  We  conclude 
that  the  lumen  of  endoplasmic  reticulum  in  liver  and  adipose  tissue  was  open 
to  extracellular  space  when  the  tissues  were  exposed  to  tannic  acid  (i.e., 
after  aldehyde  fixation).  Thus,  by  using  tannic  acid  as  an  extracellular 
marker,  we  have  demonstrated  continuity  between  the  membrane  of  endoplasmic 
reticulum  and  plasma  membrane. 
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Li  polys  is  and  Lipid  Transport  in_  Brown  Adipose  Tissue 

Our  studies  on  developing  white  adipose  tissue  showed  that  lipolytic 
products  formed  in  fixed  tissue  moved  laterally  in  a  continuum  of  cell 
membranes  to  sites  where  they  formed  lamellae  as  extensions  of  the  continuum. 
Thus,  in  developing  white  adipose  tissue,  lamellae  marked  the  route  proposed 
for  fatty  acid  transport  between  blood  and  adipocytes.  Similar  studies  were 
made  on  brown  adipose  tissue  to  determine  the  route  of  fatty  acid  transport 
within  cells  as  well  as  between  cells. 

The  studies  were  made  in  brown  fat  of  8-12  d  old  rats,  some  of  which 
were  injected  with  chylomicrons  and  others  were  fasted  overnight  or  exposed 
to  cold  for  one  hour.  Fat  cells  in  brown  adipose  tissue  take  up  fatty  acid 
from  triacylglycerol  in  blood  and  release  fatty  acid  from  cell  triacylglycerol 
in  response  to  fasting  and  to  reduced  ambient  temperature.  The  former 
involves  the  action  of  lipoprotein  lipase  and  the  latter  the  action  of  tissue 
lipase  in  fat  cells.  Adipose  tissue  was  fixed  in  glutaraldehyde  and  then 
incubated  in  buffer  solution  at  25°C  for  varying  periods  of  time.  Tissue  was 
taken  for  biochemical  analyses  after  fixation  and  after  incubation.  Tissue 
for  morphological  analysis  was  osmicated  either  immediately  after  aldehyde 
fixation  or  after  incubation.  Morphological  findings  in  these  tissues  showed 
that  spiralling  lamellae  developed  during  incubation,  between  cells  and  within 
cells.  Morphometric  studies  of  electron  micrographs  showed  that  the  amount 
of  lamellae  increased  with  incubation  time  and  that  location  of  lamellae 
varied  with  both  incubation  time  and  metabolic  state  of  the  tissue  donor.   In 
tissue  of  fed  rats  and  fed  rats  injected  with  chylomicrons,  lamellae  developed 
first  extracellularly,  between  fat  cells  and  endothelium,  whereas  in  tissue 
of  fasted  rats  and  rats  exposed  to  cold,  lamellae  developed  first  intracellu- 
larly,  near  mitochondria.  We  conclude  that  lamellae  found  in  fixed-brown 
adipose  tissue  from  fed  rats  represent  accumulations  of  lipolytic  products 
moving  from  fat  cells  along  an  intercellular  continuum  of  membranes  between 
endothelial  cells  and  fat  cells,  whereas  those  in  tissue  from  fasted  and 
cold-exposed  rats  represent  lipolytic  products  moving  along  an  intracellular 
continuum  of  membranes  extending  from  triacylglycerol  droplets  to  mitochondria, 

Transport  of  Lipolytic  Products  from  Blood  to  Mitochondria  in  Heart  by  Lateral 
Movement  in  a_  Continuum  of  Cel 1  Membranes 

Our  group  has  developed  a  model  for  transport  of  fatty,  acids  from  chylo- 
microns in  capillaries  to  parenchymal  cells  in  extrahepatic  tissue  by  lateral 
movement  in  an  interfacial  continuum  composed  of  the  chylomicron  surface  film 
and  the  outer  leaflets  of  plasma  and  intracellular  membranes  of  endothelial 
and  parenchymal  cells.  Morphological  evidence  for  this  model  was  recently 
found  in  electron  microscopic  study  of  adipose  tissue  and  heart  of  young  rats 
and  was  reported  last  year. 

Our  study  of  fatty  acid  transport  in  heart  has  been  extended  to  include 
adult  rat  heart.  Heart  tissue  from  adult  rats  injected  with  chylomicrons  was 
fixed  in  cold  glutaraldehyde,  incubated  0  or  30  min  at  25°C,  and  processed 
for  electron  microscopy.  Because  of  the  high  level  of  lipoprotein  lipase 
activity  in  heart,  hydrolysis  of  chylomicrons  occurred  during  fixation  and 
caused  development  of  lamellar  structures  in  capillary  lumen,  endothelium, 
extracellular  space  and  myocytes  in  unincubated  tissue.   Incubation  for  30  min 
increased  markedly  the  amount  of  lamellar  whorls  present  in  the  lumen  of 
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sarcoplasmic  reticulum,  especially  near  mitochondria  and  lipid  droplets. 
Lamellae  were  also  found  in  the  space  of  the  nuclear  envelope.  Heart  tissue 
incubated  in  glucose-free  medium  before  being  fixed  with  glutaraldehyde  con- 
tained lamellar  whorls  inside  mitochondria,  between  the  outer  and  inner 
mitochondrial  membranes.  Our  findings  in  these  and  other  tissues  indicate 
that  the  lamellar  structures  represent  fatty  acids  formed  by  lipoly^is  in 
fixed  tissue.  We  conclude  that  fatty  acids  located  and  spread  in  an  inter- 
facial  continuum  of  cell  membranes  running  from  capillary  lumen  to  sarcoplasmic 
reticulum  and  mitochondria  of  myocytes,  and  when  overcrowding  occurred,  fatty 
acids  formed  lamellar  extensions  of  the  continuum,  marking  its  course  through 
the  tissue. 

We  propose  that  fatty  acids  are  transported  in_  vivo  from  blood  to  heart 
by  lateral  movement  in  an  interfacial  continuum  composed  of  the  outer  (luminal) 
leaflets  of  plasma  membrane  of  endothelium,  the  membrane  of  transendothel ial 
channels,  plasma  membrane  of  myocytes,  sarcoplasmic  reticulum,  and  the  outer 
mitochondrial  membranes  in  myocytes.  Continuity  of  the  interfacial  plane 
between  cells  would  be  achieved  by  fusion  of  the  outer  leaflet  of  plasma  mem- 
brane of  one  cell  with  that  of  the  adjacent  cell.  Fatty  acids  derived  from 
blood  would  be  either  esterified  to  triacylglycerol  in  sarcoplasmic  reticulum, 
or  oxidized  in  mitochondria.  Triacylglycerol,  by  virtue  of  its  low  spreading 
pressure,  would  accumulate  as  lipid  droplets  (lenses)  between  leaflets  of  the 
reticulum.  We  propose  that  esterification  of  fatty  acids  and  hydrolysis  of 
intracellular  triacylglycerol  both  take  place  in  the  luminal  leaflet  of 
sarcoplasmic  reticulum,  and  that  this  leaflet  is  continuous  with  the  luminal 
leaflet  of  the  external  mitochondrial  membrane.  Fatty  acids  destined  for 
storage  as  triacylglycerol  would  be  activated  in  sarcoplasmic  reticulum, 
whereas  those  destined  for  immediate  oxidation  would  be  activated  in  the  outer 
mitochondrial  membrane.  Transfer  of  fatty  acyl-CoA  from  the  luminal  leaflet 
of  the  outer  mitochondrial  membrane  may  be  related  to  the  low  spreading 
pressure  of  fatty  acyl-CoA,  which  is  much  less  than-  that  of  fatty  acids  or 
other  lipids  in  membranes.  Thus,  fatty  acids  flowing  into  mitochondria  would 
force  fatty  acyl-CoA  from  the  outer  mitochondrial  membrane  into  the  aqueous 
environment  of  the  intermembrane  space,  to  be  transferred  to  the  inner 
mitochondrial  matrix  for  oxidation. 

Watching  Fatty  Acids  Ionize 

Long  chain  fatty  acids  are  transported  in  blood  and  food  and  stored  in 
tissues  primarily  as  constituents  of  triacylglycerol.  Transfer  of  the  fatty 
acyl  moieties  into  intestinal  cells,  across  capillary  endothelium,  and  within 
cells  requires  enzymatic  hydrolysis  of  the  triacylglycerol  to  fatty  acids. 
Fatty  acids  are  protonated  during  hydrolysis  and  become  ionized  at 
physiological  pH. 

We  have  been  studying  ionization  of  oleic  acid  with  lipid  monolayer 
techniques  and  phase  microscopy.  Oleic  acid,  an  unsaturated  long  chain  fatty 
acid,  applied  in  excess  to  the  surface  of  water  forms  lenses  and  a  lipid 
monolayer  on  the  surface  at  a  pressure  of  30  dynes/cm.  When  pH  of  the 
aqueous  phase  is  increased  to  8.5,  surface  pressure  of  the  monolayer  increases 
to  45  dynes/cm.  Lenses  of  oleic  acid  on  the  surface  of  0.1  M  Tris  solution 
at  pH  7.5-8.5  form  initially  a  shell  at  the  oil -water  interface,  and  then 
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long  thread-like  structures  that  extend  great  distances  from  the  lens.  We 
have  studied  these  phenomena  with  phase  microscopy  by  injecting  oleic  acid 
with  water  into  a  Dvorak  cell  culture  chamber,  thereby  attaching  droplets  of 
oleic  acid  to  the  undersurface  of  the  upper  cover  slip  of  the  chamber,  and 
then  infusing  various  aqueous  solutions  into  the  chamber.  Morphological 
changes  were  recorded  with  still  and  motion  photography. 

Droplets  of  oleic  acid,  2-4  microns  in  diameter,  became  surrounded 
immediately  with  long  filaments  and  decreased  in  size  when  1  mM  NH.OH 
solution  (pH  =  10.3)  was  infused.  The  filaments  remained  intact  fdr  hours. 
However,  they  broke  up  into  numerous  short  strands  if  the  solution  was 
infused  too  rapidly.  When  NH-Cl  solution  at  pH  8.5  was  infused,  oleic  acid 
droplets  formed  initially  fini  filaments,  and  then  long  thicker  projections 
that  continued  to  grow  or  coil  up  and  return  to  the  body  of  the  droplet. 
During  these  transformations,  the  oil  droplets  decreased  in  size,  and  were 
either  replaced  by  larger  opaque  discs  or  enclosed  by  irregular-shaped 
opaque  structures.  When  pH  of  the  solution  was  7.5-8.0,  the  finger-like 
(myelin)  structures  developed  more  slowly  and  lasted  longer.  The  extensions 
remained  attached  to  the  initial  droplet  unless  severed  by  mechanical  force. 
Infusion  of  1  mM  HCl,  pH  3.0,  caused  immediate  dissolution  of  the  fingers 
with  reappearance  of  the  original  droplet.  These  findings  indicate  that 
ionized  oleic  acid  immediately  enters  and  extends  the  oil-water  interface, 
by  virtue  of  its  spreading  pressure  being  higher  than  that  of  protonated 
oleic  acid,  and  that  growth  of  the  interface  results  in  the  formation  of 
filaments  and  finger-like  structures  (myelin  figures).  The  findings  also 
indicate  that  very  little,  if  any,  of  the  ionized  fatty  acids  desorb  as 
monomers  into  the  aqueous  phase. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

Uptake  of  triacylglycerol  from  chylomicrons  and  '^ery   low  density  lipo- 
proteins (VLDL)  requires  hydrolysis  of  triacylglycerol  to  fatty  acid  and 
monoacylglycerol  by  lipoprotein  lipase  acting  at  the  luminal  surface  of  the 
capillary  endothelium.  Our  earlier  studies  on  clearance  of  chylomicrons 
from  blood  led  to  the  development  of  a  model  for  transport  of  lipid  from 
blood  to  tissue  by  lateral  movement  in  a  continuous  interface  composed  of 
cell  membranes.  Our  findings  reported  above  provide  structural  evidence  for 
an  interfacial  continuum  of  membranes  extending  from  the  luminal  surface  of 
capillaries  to  the  endoplasmic  reticulum  of  and  mitochondria  of  parenchymal 
cells,  including  heart  myocytes.  A  similar  route  is  probably  used  for  trans- 
port of  other  amphipathic  substances  (e.g.,  cholesterol,  phospholipids, 
certain  amino  acids,  steroid  hormones)  from  blood  to  tissue  cells  and  trans- 
port of  fatty  acids  within  cells  from  lipid  stores  to  mitochondria.  Abnormal 
accumulation  of  lipid  in  blood  vessels  and  other  tissues  probably  involves 
lipid  transport  by  lateral  movement  in  cell  membranes. 

Proposed  Course 

The  action  of  lipoprotein  lipase  on  chylomicrons  in  capillaries  and 
transport  of  lipids  between  and  within  cells  will  be  studied  in  heart. 
mammary  gland  and  brown  fat  with  biochemical  and  morphological  techniques, 
including  freeze-fracture.  Small  intestines  of  suckling  rats  will  be  studied 
with  the  electron  microscope  to  determine  if  lipid  digestion  and  absorption 

76 


Project  No.  Z01-AM-15401-09-LNE 

involves  lipid  transport  by  lateral  movement  in  cell  membranes.  The  lipid 
monolayer  technique  will  be  used  to  study  action  of  various  lipases  on 
triacylglycerol  and  phospholipids,  and  movement  of  different  lipids  in  the 
interfacial  plane. 

Publications 

Scow,  R.  0.,  Blanchette-Mackie,  E.  J.,  and  Smith,  L.  C:  Transport  of 

lipid  across  capillary  endothelium.  Fed.  Proc.  39:  2510-2617,  1980. 
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Project  Description: 

Objectives 

To  purify  pharyngeal  lipase  from  tissues  of  animals  and  from  pharyngeal 
secretion  of  man.  To  characterize  the  structure  and  mode  of  action  of  the 
enzyme.  To  study  regulation  and  secretion  of  the  enzyme.  To  determine  the 
role  of  pharyngeal  lipase  in  fat  digestion. 

Methods  Employed 

Lingual  serous  glands  from  rats  and  other  species,  and  esophageal  secre- 
tions from  man  are  used  as  sources  of  pharyngeal  lipase.  Extracts  containing 
lipolytic  activity  are  fractionated  by  various  techniques  in  order  to  isolate 
and  purify  the  enzyme.  The  mechanism  of  action  of  the  enzyme  on  triacyl- 
glycerol  is  studied  using  artificial  emulsions,  chylomicrons  and  lipid 
monolayers. 

Major  Findings 

We  have  continued  our  efforts  to  purify  pharyngeal  lipase  from  homogenates 
of  rat  lingual  serous  glands.  Considerable  effort  was  made  to  isolate 
secretory  granules  by  differential  centrifugation ,  but  the  results  were  too 
erratic.  Several  attempts  were  made  to  isolate  the  enzyme  by  binding  it  to 
substrate,  triacylglycerol ,  but  they  too  were  unsuccessful.  A  five-fold 
purification  of  lipolytic  activity,  with  22%  yield,  has  been  obtained  by      . 
precipitation  with  60%  saturated  (NH^)pSO.  solution  from  a  100,000  x  g  super-  | 
nate  prepared  from  a  850  x  g  supernate  of  tissue  homogenate,  dissolving  in 
0.015  M  citrate-phosphate  buffer  solution  (pH  5.4),  and  precipitation  with 
cold  acetone.  This  preparation  will  be  used  for  further  purification  of 
pharyngeal  lipase. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

It  is  now  widely  accepted  that  pharyngeal  lipase  accounts  for  the 
lipolytic  activity  found  in  gastric  contents,  and  that  the  products  formed 
by  this  enzyme  facilitate  emulsification  of  triacylglycerol  before  it  enters 
the  intestines.  The  role  of  this  enzymic  reaction  in  patients  with  abnormal 
fat  digestion  and  in  premature  babies  has  not  been  studied. 

Proposed  Course 

Isolation  and  purif ication'of  pharyngeal  lipase  from  lingual  tissues  of 
rats  will  be  continued.  When  pure  preparations  of  the  lipase  are  available, 
studies  will  be  started  concerning  the  mode  of  action  of  the  lipase  on 
various  lipids. 

Publications 

None 


i 


i 
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yield,  of  pharyngeal  lipase  from  rat  lingual  serous  glands.  Protein  containing 
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We  have  been  studying  the  mechanism  of  lipid  accumulation  in  smooth  muscle  cells 
of  muscular  arteries  in  diabetes.  Initial  studies  showed  that  excess  accumula- 
tion of  lipid  in  arteries  of  diabetic  rats  was  related  to  high  concentrations  of 
FFA  in  plasma.  Recent  electron  microscopic  findings  in  normal  rats  showed  that 
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Project  Description: 

Objectives 

To  study  effect  of  diabetes,  hormones  and  circulating  plasma  lipids  on 
deposition  of  lipid  in  muscular  arteries  of  experimental  animals   To  study 
role  of  lipoprotein  lipase  in  lipid  uptake  by  smooth  muscle  cells  of  arteries 
and  mechanism  of  lipid  transport  from  blood  to  such  cells. 

Methods  Employed 

Diabetes  is  induced  in  experimental  animals  by  injection  of  strepto- 
zotocin  or  by  total  pancreatectomy.  Effect  of  diabetes,  hormones  and 
injected  plasma  lipids  on  deposition  of  lipid  in  arteries  is  studied  with 
electron  microscopy,  radioautography  and  biochemical  analyses.  The  source 
and  kind  of  lipid  deposited,  and  the  site  of  deposition  in  the  vessels  is 
studied  with  morphological  and  biochemical  techniques. 

Major  Findings 

Accumulation  of  Lipid  in  Myocytes  of  Muscular  Arteries 

We  have  been  studying  factors  involved  in  accumulation  of  lipid  in 
myocytes  of  small  arteries.  Our  earlier  studies  showed  that  excess  lipid 
deposition  in  arteries  of  experimental  diabetic  rats  was  related  to  high 
plasma  FFA  concentrations.  We  recently  infused  normal  rats  with  emulsified 
triacylglycerol  (Intralipid)  and  heparin  to  produce  a  high  level  of  FFA  in 
plasma.  Morphological  study  of  the  dorsal  pedal  artery  from  these  animals 
showed  that  lamellar  structures  were  present  in  the  artery,  suggesting  that 
lipoprotein  lipase  was  active  in  this  tissue.  Subsequently,  we  infused 
normal  animals  with  only  emulsified  triacylglycerol  and  studied  the  artery 
for  evidence  of  lipase  activity.  The  tissues  were  fixed  with  cold  glutaralde- 
hyde  and  incubated  0  or  30  min  at  25°C  before  being  postfixed  with  OsO.. 
Lipid  droplets  were  present  in  unincubated  tissues  in  the  arterial  lumen, 
associated  with  arterial  endothelial  cells,  and  in  medial  smooth  muscle  cells, 
Lamellar  structures  were  found  in  incubated  tissue,  at  the  luminal  surface 
of  endothelial  cells,  in  endothelium,  in  extracellular  space,  and  in  smooth 
muscle  cells.  Neither  lipid  droplets  nor  lamellae  were  found  in  arteries  of 
uninfused  rats.  These  preliminarly  findings  indicate  that  infusion  of  tri- 
acylglycerol causes  lipid  accumulation  in  smooth  muscle  cells  of  small 
arteries.  They  also  suggest  that  development  of  lamellae  in  incubated  fixed 
arteries  results  from  lipolytic  products  formed  by  lipoprotein  lipase  at  the 
endothelial  surface  of  muscular  arteries.  These  findings  suggest  that  fatty 
acids  may  be  an  important  source  of  energy  for  muscular  contraction  in  small 
arteries. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

A  serious  complication  of  diabetes  is  arteriosclerosis  in  muscular 
arteries  of  the  heart  and  lower  limbs.  Although  it  is  generally  thought  that 
elevated  levels  of  circulating  lipids  might  be  involved,  the  mechanism  of 
development  of  macroangiopathy  in  diabetes  is  not  know.  Our  earlier  studies 
showed  that  excess  lipid  accumulated  in  muscular  arteries  of  diabetic 
rats  that  had  high  concentrations  of  FFA  in  plasma.  The  present  findings 
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indicate  that  high  plasma  triacylglycerol  concentrations  may  also  cause 
lipid  accumulation  in  muscular  arteries.  The  relationship  between  uptake 
of  fatty  acids,  as  energy  for  muscular  contraction,  and  abnormal  accumulation 
of  other  lipids,  such  as  cholesterol  and  cholesteryl  esters,  in  muscular 
arteries  needs  study. 

Proposed  Course 

The  effect  of  prolonged  insulin  deficiency  and  insulin  treatment  on 
lipid  deposition  in  muscular  arteries  and  the  source  of  the  lipid  deposited 
will  be  studied.  The  role  of  lipoprotein  lipase  and  fatty  acids  in  the 
uptake  and  accumulation  of  lipid  will  also  be  studies  in  muscular  arteries. 

Publications: 

o 

Reinila,  A.,  Akerblom,  H.  K  and  Scow,  R.  0.  Accumulation  of  lipid  in 
muscular  arteries  of  short-term  diabetic  rats.  An  electron  microscope  study. 
Diabetologia  19:529-534,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  Pilot  Plant  is  involved  in  large  scale  growth  of  micro-organisms  and 
mammalian  cells,  and  in  large  scale  isolation  and  purification  of  biologically 
active  components  from  these  sources  and  from  other  sources  such  as  majiimalian 
or  plant  tissues.  We  assist  NIH  investigators  in  the  scaling  up  of  processes 
by  checking  different  approaches  and  different  methods  suitable  for  large 
scale  processing. 
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Project  Description 

Objectives:  To  provide  facilities  and  services  for  the  following:  (a) 
large  scale  growth  of  micro-organisms  and  mammalian  cells,  (b)  processing  of 
large  quantities  of  maiiimalian  tissues  and  micro-organisms,  (c)  purification  of 
biologically  active  molecules,  (d)  development  of  production  and  purification 
methods  suitable  for  large  amounts  of  biological  material. 

Ntethods  Employed:  To  satisfy  the  large-scale  production  needs  of  NIH 
investigators ,  methods  are  designed  for  the  scaling  up  of  small  laboratory- 
experiments  utilizing  large  reaction  vessels,  extractors,  stills,  concentrators, 
centrifuges,  etc.,  so  that  the  processing  can  be  carried  out  effectively, 
efficiently  and  safely.  Three  10-liter,  one  50-liter,  one  100-liter,  one  300- 
liter  and  one  1100-liter  fermentor  are  utilized  for  growing  micro-organisms 
and  animal  cells  under  a  variety  of  conditions.  Bacterial  cells  and  yeast  are 
harvested  by  means  of  laboratory  or  large-scale  .^3-16?  and  .^3-26?  Sharpless 
centrifuges.  Protozoa  are  concentrated  in  low  speed  centrifuges.  Cells  are 
either  supplied  as  a  paste  or  further  processed  to  yield  cell -free  suspensions 
by  rupture  with  a  Gaulin  homogenizer.  In  some  instances,  a  specific  substance 
is  isolated  and  partially  purified  by  further  processing  of  the  culture  super- 
natant or  the  cell  paste  using  conventional  fractionation  procedures  and  the 
newer  chromatographic  techniques . 

Major  Findings:   (1)  During  the  past  12  months  a  total  of  160  requests  were  d 
processed.  Most  of  the  requests  (approximately  851)  were  for  growth  of  micro-   ^ 
organisms  and  the  rest  (151)  for  recovery  and  purification  processes.  Organisms 
produced  include  wild  type  and  mutant  strain  of  .Aspargillus  fumagitus ,  bacillus 
subtilis,  Haemophilus  Influenzae,  Citrobacter,  Escherichia  Coli,  Klebsiella, 
Mycobacteria,  Staphylococcus  aureus,  Saccharomyces  cerevisiae.  Salmonella 
Typhimurim  and  Tetrahymena  pyriformis . 

(2)  Studies  were  continued  with  the  Division  of  Bacterial  Products,  Bureau 
of  Biologies  on  polysaccharide  production  by  various  micro-organisms. 

(3)  Large  scale  processing  activities  consisted  of  isolation  of  enzymes 
such  as  phosphodiesterase  from  bovine  brain  and  heart,  crude  lysosomal  enzymes 
from  human  placental  and  aldolase  reductase  from  human  placentae.  Acetone 
powders  were  made  from  bovine  liver  and  from  tetrahymena.  Protein  A  was  pre- 
pared from  Staphyloccus  aureus  cells . 

(4)  A  collaborative  project  was  carried  out  on  large  scale  purification 
of  calmodulin  and  calmodulin  binding  protein  with  Dr.  K.  Klee  from  the  NCI. 
The  source  are  bull  testicles  and  hearts. 

(5)  In  collaboration  with  the  Diabetes  branch,  NI.ADDK,  Insulin  activity 

was  found  in  acid  extracts  from  tetrahymena  pyriformis  and  E.  coli.  This  insulin 
has  the  same  biological,  immunological  and  chromatographic  characteristics 
as  mammalian  insulin.  ACTH  and  somatostatin  which  are  similar  to  their  verte- 
brate counterparts  in  biological  and  immunological  activity  and  chromatographic   i 
behavior  were  also  found  in  such  extracts.  | 
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Significajice  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Numerous  research  projects  in  this  and  other  Institutes  require  procedures 
for  the  production  and  purification  of  large  amounts  of  biological  materials. 
As  a  service  unit,  the  pilot  plant  supports  many  laboratories  by  providing 
such  procedures . 

Proposed  Course  of  Project:  In  order  to  achieve  better  control  on  the 
growth  of  micro-organisms  and  mammalian  cells,  the  pilot  plant  is  now  in  a 
process  of  implementing  a  computer  controlled  fermentation  system  with  the 
assistance  of  Mr.  T.  Clem  from  BEIB.  With  the  proposed  system  we  hope  to 
achieve  the  following  objectives:  (a)  logging  of  data,  (b)  analyzing  the  data 
through  the  use  of  computer  algorithms,  (c)  using  the  above  information  to 
perform  control  functions  for  process  optimization. 

Publications : 

LeRoith,  D.,  Shiloach,  J,,  Roth,  J.  and  Lesniak,  M.A, :  Insulin  or 
a  closely  related  molecule  is  native  to  E.  coli.  J.  Biol.  Chem. 
1981,  in  press. 

LeRoith,  D. ,  Shiloach,  J.,  Roth,  J.  and  Lesniak,  M.A.  :  Evolutionary 
origins  of  vertebrate  hormones :  insulin  in  unicellular  organisms . 
Proc.  Natl.  Acad.  Sci.  USA  77,:  6184-6188,  1980. 
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SUMMARY  Of  WORK  (200  words  or  less  -  underline  keywords) 

\\fhile  studying  the  induction  of  hormone  responsiveness  in  cultured  cells, 
we  discovered  that  production  of  prostaglandin  Ei   and  Ftq^  was  markedly  reduced 
in  the  transformed  NDCK  cells  as  compared  to  that  in  the  parental  line.  The 
loss  of  production  was  neither  due  to  a  defective  secretion  of  prostaglandins 
nor  due  to  an  inability  to  incorporate  arachidonic  acid,  the  precursor  for 
prostaglandins,  into  cellular  phospholipid  in  the  transformed  cells.  Our 
preliminary  studies  show  that  phospholipase  activity  which  releases  arachidonic 
acid  for  prostaglandin  synthesis  and  prostaglandin  synthetase  activity  were 
greatly  diminished  in  the  transformed  MDCK  cells .  ifie  reduced  production  of 
prostaglandin  was  also  seen  in  several  other  transformed  cell  lines. 
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Project  Description 

Ob j ectives :  The  goals  o£  this  project  are:  1)  To  determine  the  causes  for 
the  reduced,  production  of  prostaglandins  in  transformed  cells;  and  2)  to  study 
the  consequence  of  this  defect  on  the  development  of  honnone  responsiveness 
during  cellular  differentiation. 

Methods  Employed:  The  cell  lines,  including  parental  and  transformed  MDCK 
cells  and  normal  and  transformed  NRK  cells,  were  maintained  as  monolayer  cul- 
tures in  Dulbecco  MEM  containing  5%  fetal  bovine  serum.  Prostaglandins  produced 
in  the  media  were  measured  by  radioimmunoassays  or  thin  layer  chromatography. 
Phospholipase  activity  was  measured  by  the  release  of  arachidonic  acid  from 
cells  prelabelled  with  14^ -arachidonic  acid.  Prostaglandin  synthetase  activity 
was  measured  using  arachidonic  acid  as  substrate  in  a  broken  cell  preparation. 

Maj  or  Findings :  Our  original  observation  that  there  is  a  loss  of  prosta- 
glandin  production  in  MDCK  cells  after  viral  transformation  has  been  confirmed 
and  extended  to  other  cell  lines,  namely  NRK  lines.  The  deceased  production  of 
prostaglandins  is  not  due  to  any  change  in  secretion,  since  we  found  that  the 
intracellular  prostaglandin  was  lower  in  the  transformed  MDCK  cells  than  that 
in  the  normal  line.  IVhen  cells  were  supplied  with  arachidonic  acid,  the  extent 
of  its  incorporation  into  cellular  phospholipid  was  comparable  in  both  normal 
and  transformed  MDCK  cells.  However,  the  release  of  arachidonic  acid  from 
transformed  MDCK  cells,  after  pre-labeling  with  ^^C-arachidonic  acid,  was 
reduced  by  901  as  compared  to  the  release  seen  in  the  normal  MDCK  cells.  Using 
a  broken  cell  preparation,  we  found  that  the  formation  of  prostaglandin  E2  and 
F2ct  from  arachidonic  acid  was  also  decreased  in  the  transformed  MDCK  cells . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Pr 0 s taglandins  have  been  detected  in  almost  every  tissue  and  body  fluid  and 
exert  a  wide  spectrum  of  biological  effects .  Our  finding  that  prostaglandin 
regulates  development  of  glucagon  sensitivity  in  kidney  cells  further  indicates 
the  importance  of  understanding  the  control  of  the  production  of  prostaglandins 
under  a  variety  of  cellular  conditions.  Our  observation  that  viral  transforma- 
tion leads  to  reduced  synthesis  of  prostaglandins  in  cells  will  further  our 
knowledge  of  the  nature  of  cellular  changes  occurring  as  a  consequence  of 
carcinogenesis . 

Proposed  Course  of  Project:  Our  current  and  future  efforts  include:  1) 
To  elucidate  the  causes  for  the  low  activity  of  phospholipase  and  prostaglandin 
synthetase  in  the  transformed  line;  2)  To  examine  whether  the  loss  of  glucagon 
receptors  is  a  direct  consequence  of  the  defective  synthesis  of  prostaglandin 
as  a  result  of  viral  transformation  of  MDCK  cells. 

Publications :  None 
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ANNUAL  REPORT  SUNMARY 

LABORATORY  OF  BIOCHEMISTRY  AND  NETABOLISM 

A.  Studies  Cn  A  N'ajnmalian  Hepatic  Receptor  Specific  For  Asialo- 
glycoproteuis. 

1.  Evidence  has  been  obtained  to  deir.onstTate  the  transmembrane 
disposition  of  the  hepatic  receptor  for  asialoglycoproteins.  Antibodies 
raised  in  goats  against  the  purified  receptor  were  perfused  through  a  rat 
liver  with  retention  of  approximately  half  of  the  receptor  specific  IgG 
fraction.  These  anti -receptor  antibodies  were  also  bound  specifically  to 
hepatocyte  plasma  membranes  oriented  with  their  cytoplasmic  surface  outward 
on  polylysine-derivatized  beads.  These  two  phenomena  were  shown,  by 
sequential  adsorption  on  beads  and  intact  liver  preparations ,  to  be  properties 
of  distinct  subpopulations  of  antibodies.  These  findings  are  indicative  of 
the  transmembrane  nature  of  the  hepatic  binding  protein. 

2.  The  significance  of  the  above  finding  is  being  currently 
explored.  For  this  purpose,  the  underlying  surface  of  coated  pits  which  is 
rich  in  clatherin,  and  is  postulated  to  participate  in  receptor -mediated 
endoc>tosis,  has  been  isolated  and  is  being  characterized.  Attempts  are  in 
progress  to  determine  whether  the  cytosolic  fragment  of  the  receptor  ser\^es 

as  the  mechanism  to  initiate  uptake  into  coated  vesicles.  A  corollary         . 
question  relates  to  the  role  of  receptor-reutilization  during  endocytosis.      m 
Earlier  studies  implicated  a  recycling  mechanism  which  has  been  challenged  by   ^ 
more  recent  data.  This  problem  is  being  approached  by  temperature  step-up 
experiments  designed  to  monitor  bound  and  free  receptor  status  concurrently 
with  ligand  metabolism. 

3.  Studies  are  in  progress  to  clarify  the  topological  distribution 
of  the  receptor  present  on  the  membranes  of  the  subcellular  organelles.  For 
this  purpose,  specific  antibodies  have  been  prepared  to  which  ferritin  or 
gold  particles  have  been  attached  either  covalently  or  by  electrostatic 
attraction.  The  labeled  ligand  is  then  incubated  with  the  appropriate 
fraction  of  the  cell,  fixed  and  examined  by  electron  microscopy.  The  identi- 
fication of  the  affected  organelle  is  measured  by  morphological  and  histo- 
chemical  techniques. 

4.  Radiation  inactivation  has  been  used  to  determine  the  functional 
size  of  the  rat  liver  membrane  protein  which  binds  desialylated  glycoproteins. 
Purified  plasma  membranes  were  irradiated  with  high  energy  electrons  from  a 
linear  accelerator  and  assayed  for  l25l-asialo-orosomucoid  binding  activity. 
The  molecular  weight  of  the  rat  binding  protein,  determined  in  situ  by  target 
analysis,  was  approximately  104,000.  A  similar  value  was  obse"rved~for  the 
analogous  rabbit  binding  protein.  In  both  cases,  the  values  obtained  were 
shown  to  be  significantly  affected  by  the  presence  of  detergent  employed  in 
the  isolation  procedures. 


5.  .Activated  extracts  of  rat  liver  have  provided  a  convenient  source 
of  the  soluble  receptor  for  the  haptoglobin -hemoglobin  complex.  Extensive 

88 


( 


studies  have  been  carried  out  to  characterize  the  chemical  and  physical 
properties  o£  the  receptor.  Due  to  the  lability  o£  the  preparation, 
purification  was  limited  and  a  homogeneous  binding  protein  was  not 
achieved.  Work  on  this  project  has  been  completed  and  is  currently  being 
written  up  for  publication. 

B.  Polysaccharide  Participation  in  Morphogenesis. 

1.  The  ability  of  cell  cycle  temperature -sensitive  >east  mutants  to 
accumulate  chitin  at  the  nonpermissive  temperature  has  been  investigated.  A 
study  of  seven  such  mutants  has  shown  that  chitin  accumulation  occurred  only 
in  those  strains  that  are  blocked  in  an  early  portion  of  the  cycle.  We 
interpret  this  result  to  mean  that  cells  with  an  early  block  cannot  reach  a 
later  stage  of  the  cycle  where  chitin  synthesis  would  be  normally  turned  off. 
The  distribution  of  chitin  in  the  cell  wall  of  the  mutants  has  been 
ascertained  by  electron  microscopy  with  the  use  of  colloidal  gold-wheat  germ 
agglutinin  markers.  In  several  cases  an  abnormal  distribution  was  found,  an 
indication  that  the  directional  system  that  limits  chitin  synthesis  to  the 
septum  site  had  been  disrupted.  The  ultras true tural  studies  are  now  being 
completed. 

2.  Activation  of  the  chitin  synthetase  zymogen 

The  prb  mutant  of  Saccharomyces  cerevisiae  lacks  proteinase  B, 
previously  considered  as  the  physiological  activator  of  chitin  synthetase 
zymogen,  yet  it  shows  a  normal  phenotype  with  respect  to  both  cell  division 
and  chitin  formation.  Extracts  of  mutant  cells  have  been  found  to  catalyze 
an  activation  of  solubilized  chitin  synthetase  zymogen,  but  their  activity 
has  been  erratic.  Preparations  of  solubilized  chitin  synthetase  zymogen, 
when  stored  at  5  C,  acquire  the  ability  to  self -activate.  Both  this  effect 
and  that  of  the  activating  extracts  can  be  blocked  by  a.-macroglobulin,  a 
general  inhibitor  of  proteases.  The  ability  of  the  zymogen  to  be  activated, 
either  by  the  endogenous  factor (s)  or  by  trypsin,  is  destroyed  by  iodo- 
acetamide  treatment.  A  possible  interpretation  of  these  results  would  be 
that  a  zymogen  activating  protease  exists  in  a  latent  form  in  the  cell  and 
can  be  activated  in  turn  by  an  as  yet  undisclosed  mechanism.  Thus,  the 
possibility  of  cascade  activation  system  for  the  chitin  synthetase  zymogen  is 
suggested. 

3.  Purification  of  chitin  synthetase 

Efforts  are  under  way  to  purify  chitin  synthetase,  after  solu- 
bilization from  yeast  cell  membranes.  A  partial  purification  by  chromatography 
on  Sepharose  CL  6B  was  obtained  in  earlier  work.  An  affinity  purification  step 
is  now  under  development,  which  consists  in  incubating  the  solubilized  enzyme 
with  a  complete  reaction  mixture.  The  reaction  product,  chitin,  precipitates 
out,  carrying  with  it  a  substantial  portion  of  the  synthetase.  The  enzyme  can 
be  easily  eluted  from  the  chitin  with  buffer,  with  a  large  increase  in 
specific  activity. 


89 


4.  An   endochitinase  from  yeast 

The  isolation  and  characterization  of  this  enzyme  has  now  been 
completed.  After  polyacryl amide  gel  electrophoresis,  the  purified  chitinase 
yields  several  bands,  but' all  of  them  appear  to  contain  enz>7natic  activity. 
The  enzyme  has  a  ver>'  low  pH  optimum,  between  1.5  and  2.  The  initial 
reaction  products  are  oligosaccharides  of  various  lengths,  which  are  then 
shortened  urtil  only  the  di-  and  trisaccharide  remain,  .^sociation  of  the 
chitinase  with  mannan  was  demonstrated  in  several  ways,  such  as  a  positive 
periodate-Schiff  reaction  after  gel  electrophoresis,  adsorption  of  the  enzyme 
on  a  Con  A-Sepharose  column  followed  by  elution  with  a -methyl -D-mannoside, 
and  precipitation  with  specific  antibodies  against  mannan. 

Determination  of  the  intracellular  distribution  of  the  enzyme 
showed  that  part  of  it  is  in  the  periplasmic  space  and  another  portion  is 
concentrated  in  the  vacuoles  or  in  vesicles  that  copurify  with  them.  Incu= 
bation  of  protoplasts  in  osmotically  stabilized  growth  medium  led  to  secretion 
of  part  of  the  enzyme  into  the  medium.  It  is  concluded  that  chitinase  is  a 
secretory  enzyme  in  yeast  and  that  it  is  stored  in  intracellular  vesicles 
before  being  secreted  into  the  periplasmic  space.  Because  of  its  localization 
in  that  space,  it  is  assumed  that  the  enz)'me  may  have  a  role  in  a  partial 
degradation  of  chitin  at  the  septum,  concomitant  with  cell  separation.  Two 
papers  on  these  studies  have  been  submitted  for  publication. 

5.  A  kinetic  study  of  the  membrane -bound  BC1^3)glucan  synthetase 
has  been  carried  out.  Previous  work  showed  that  the  enzyme  is  strongly 
stimulated  by  ATP  and  GTP.  These  two  nucleotides,  however,  require  different 
conditions  for  maximal  activation  and  are  susceptible  to  breakdown  by 
phosphatases  present  in  the  membrane  preparation.  Analogs  of  ATP  and  GTP  that 
contain  imino,  methylene  or  sulfur  groups,  were  found  to  be  more  stable  and 

to  be  active  as  stimulators  under  different  sets  of  conditions.  These  are 
other  compounds  were  used  to  study  the  structural  requirements  for  activation 
of  the  synthetase.  Optimal  stimulation  requires  a  guanosine  moiety  attached 
to  a  tryphosphate  group  (as  in  GTP) .  The  two  hydroxyl  groups  of  the  terminal 
phosphate  must  be  free.  Esterification  of  one  of  these  hydrox>'ls  generates 
substances  that  aie  competitive  inhibitors  of  the  stimulators.  From  the 
quantitative  data  obtained  in  such  inhibitions  it  was  concluded  that  adenosine 
and  guanosine  nucleotides  probably  interact  with  the  same  domain  of  the  enzyme. 
A  manuscript  on  this  work  is  in  preparation. 

C.  Hormone -Dependent  Development  of  Mammary  Gland. 

1.  The  accumulation  of  casein  mRNA  by  mouse  mammary  explants 
requires  at  least  4  hormones:  Prolactin:  Although  prolactin  is  not  required 
for  certain  intermediate  developmental  changes  in  mouse  mammary  epithelial 
cell,  it  is  necessary  for  accumulation  of  casein  mRi\A.  Glucocorticoid: 
Glucocorticoid  is  essential  for  the  accumulation  of  casein  mR\A,  but  is  not 
required  for  the  synthesis  of  "total"  RNA  in  mouse  mammary  cells.  Estrogen: 
The  requirement  for  estrogen  can  only  be  detected  in  mammary  tissue  from 
ovariectomized  mice.  Such  tissue  can  respond  to  insulin  and  glucocorticoid, 
but  not  to  prolactin.  The  lesion  appears  to  reside  distal  to  the  prolactin 
binding  sites  on  the  mammary  cells.  Insulin:  Epidermal  growth  factor  and 
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somatomedin  C  can  maintain  the  viability  of  mouse  mammary  epithelial  cells 
as  well  as  insulin,  but  only  insulin,  together  with  the  3  hormones  listed 
above,  can  support  the  accumulation  o£  casein  mRNA.  We  suggest  that  it 
would  be  useful  to  consider  insulin  as  a  metabolic  and  growth  factor. 

2.  Induction  of  a-lactalbumin  in   the  absence  of  exogenous  prolactin: 
Prolactin  has  been  considered  as  a  hoimonal  requirement  for  induction  of  milk 
proteins  in  all  species.  However,  it  has  been  observed  that  de  novo  synthesis 
of  a-lactalbumin  can  be  induced  in  mammary  explants  from  pregnant,  but  not 
those  from  virgin,  rats  by  insulin  and  glucocorticoid  in  the  absence  or 
prolactin.  Administration  of  progesterone  or  estrogen,  but  no  desoxy- 
corticosterone,  can  render  tissue  from  virgin  rats  independent  of  prolactin 
in  this  regard.  Casein  synthesis  does  require  prolactin. 

D.  Regulation  and  Development  of  Mammary  Gland. 

1.  Messenger  RNAs  for  the  milk  proteins,  casein  and  a-lactalbumin, 
were  isolated  and  partially  purified  from  lactating  mouse  mammary  glands. 
The  translation  of  polyCA)"^  mRNA  in  a  wheat  germ  cell-free  system  yielded 
three  casein  polypeptides  and  a  putative  precursor  form  of  a-lactalbumin. 
The  presence  of  individual  casein  mRiNAs  coding  for  these  polypeptides  was 
demonstrated  by  the  translation  of  various  fractions  of  mRNA  obtained  by 
sucrose  density  gradient  centrifugation  of  poly (A) "^  mRNA.  Casein  mRNA 
activity  increased  about  250 -fold  between  midpregnancy  and  the  10th-12th  days 
of  lactation,  amounting  to  50-60%  of  the  total  mRNA  activity  in  that  tissue. 
In  contrast,  a-lactalbumin  mRIiA  remained  low  levels  during  pregnancy  and 
increased  sharply  after  parturition.  During  lactation,  a-lactalbumin  mRNA 
amounted  to  0.2-0.4%  of  the  total  mRNA  activity,  which  corresponds  to  the 
percentage  of  a-lactalbumin  in  total  mouse  milk  protein. 

2.  Synergistic  actions  of  insulin,  Cortisol  and  prolactin  induce 
formation  of  the  milk  proteins  casein  and  a-lactalbumin  in  organ  culture  of 
mouse  mammary  gland.  The  synthesis  of  casein  and  a-lactalbumin  are  not 
synchronous  and  subj  ect  to  the  differential ,  concentration-dependent  action 
of  Cortisol.  Maximal  induction  of  casein  and  a-lactalbumin  occurs  in  the 
presence  of  3  piM  and  0.03  liiM  Cortisol,  respectively.  Moreover,  Cortisol  at 
concentrations  above  0.03  pW  caused  progressive  inhibition  of  a-lactalbumin. 
Additional  studies  revealed  that  the  concentration  of  prolactin  in  culture 
medium  is  an  important  factor  for  determining  the  pattern  of  response  of 
mammary  tissue  to  the  differential  actions  of  Cortisol.  The  data  suggest 
that  Cortisol  alters  the  sensitivity  of  mammary  cells  to  prolactin  or 

vice  versa. 

3.  Addition  of  vanadate  was  found  to  enhance  the  stimulatory  effect 
of  insulin  on  DNA  synthesis  in  cultured  mammary  tissue.  Vanadate,  however, 
inhibited  insulin -dependent  casein  synthesis  and  also  blocked  the  mitogenic 
action  of  lithium  ion  on  mammary  cells.  These  results  are  in  support  of  our 
working  hypothesis  that  ions  play  an  important  regulatory  role  in  the 
hormone -dependent  development  of  mammary  gland. 
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E.  Differentiation  of  Lymphoid  Cells. 

1.  In  continuation  of  our  studies  on  lymphoid  cell  activation  by 
mitogenic  agents  we  have  investigated  the  mechanism  of  activation  by  anti- 
inmunoglobulin.  Consistent  with  several  parameters  which  define  the  anti- 
ijnmunoglobulin  activation  process  it  has  been  concluded  that  both  the 
initiation  and  cessation  of  DiNA  synthesis  in  response  to  anti- immunoglobulin 
occurs  at  the  same  surface  membrane  site  and  that  the  on  signal  is  independent 
of  internalization  of  anti- immunoglobulin. 

2.  In  earlier  studies  it  was  demonstrated  that  the  lipid  A  moiety  of 
lipopolysaccharide  induced  bone  marrow  cells  to  secrete  proteins  other  than 
immunoglobulin.  A  study  of  the  biological  activity  of  the  secreted  products 
revealed  a  novel  product  mitogenic  for  splenic  B  cells.  If  our  preliminary 
finding  that  B  cells  in  bone  marrow  are  the  source  of  the  mitogenic  component 
can  be  further  substantiated,  it  would  represent  the  first  report  of  a  mito- 
genic lymphokine  from  B  cells  which,  in  turn,  acts  upon  other  B  cells. 

3.  The  effect  of  sodium  orthovanadate  on  enhancement  of  DNA 
synthesis  by  T  and  B  cell  mitogenic  agents  was  studied  using  murine  thymocytes 
and  splenocytes.  Addition  of  vanadate  to  thymocyte  cultures  inhibited  the 
mitogenic  response  by  concanavalin  A  in  a  dose  dependent  manner.  On  the 
other  hand,  DNA  s>nthesis  induced  in   thymocytes  by  pokeweed  lectin  and 
periodate  treatment  essentially  was  not  inhibited  at  the  lower  vanadate 
concentrations  that  were  markedly  effective  for  concanavalin  A  induced 
synthesis.  Similarly,  no  significant  inhibition  of  mitogenesis  of  splenic  B 
cells  in  response  to  lipopolysaccharide  and  dextran  was  detectable  at  lower 
vanadate  concentrations.   In  the  absence  of  added  mitogens,  vanadate  was  found 
to  be  mitogenic  for  a  subpopulation  of  thymus  cells  but  not  for  splenocytes 

or  T  cell  enriched  splenocyte  populations.  These  results  suggest  that  the 
interaction  of  vanadate  with  T  and  B  cells  is  different  and  that  vanadate  may 
be  a  useful  probe  to  study  the  mechanism  of  T  cell  activation. 

F.  Enzymatic  Basis  of  Detoxication. 

1.  The  formation  of  organic  sulfates  is  a  major  step  in  the 
direction  of  removing  foreign  compounds  from  the  animal.  Previous  reports 
from  our  laboratory  have  delineated  the  enzymes  from  rat  liver  that  are 
responsible  for  the  transfer  of  sulfate  from  RAPS  to  primary  and  secondary  - 
alcohols  and  phenols.  The  seven  enzymes  that  have  been  identified  are  now 
available  in  homogeneous  form  and  have  been  characterized. 

2.  One  of  these  enzymes,  aryl  sulfotransf erase  IV,  is  of  particular 
interest  in  that  it  has  a  somewhat  broader  substrate  range  in  its  use  of 
tyrosine  methyl  ester  and  other  tyrosine  derivatives,  as  well  as  of  organic 
hydroxylamines ,  as  sulfate  acceptors.  Transferase  IV  is  inactive  with 
tyrosine  itself  but  is  able  to  transfer  sulfate  to  N-terminal  tyrosine  in 
such  peptides  as  the  enkephalins  or  cholecystakinin  heptapeptide ;  the  enzyme 
is  not  active  with  peptides  with  internal  tyrosine  residues  as  acceptors. 

On  the  basis  of  chemical  and  kinetic  analysis  of  the  mechanism  of  aryl  sulfo- 
transf erase  IV,  three  reactions  catalyzed  by  the  enz>'me  may  be  delineated: 
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the  sulfation  of  phenols  in  which  PAPS  serves  as  a  donor;  the  sulfation  of 
phenols  by  a  phenyl  sulfate,  an  "exchange  reaction"  that  requires 
adenosine  3' ,5'-bisphosphate;  and  the  nucleotide -independent,  hydro lytic 
cleavage  of  a  phenyl  sulfate.  Kinetically,  the  overall  reaction  is 
consistant  with  a  rapid  equilibrium  random  bi  bi  mechanism.  Chemically, 
the  data  with  a  variety  of  para  substituted  phenol^  or  substrates  suggest 
that  resonance  delocalization  of  the  negative  charge  on  the  phenol  oxygen 
influences  the  rate-determining  step  of  the  reaction. 

G.  Pathogenesis  of  Human  Cystinosis. 

1.  Normal  human  leukocyte  lysosomes  loaded  with  leucine,  methionine, 
or  phenylalanine  by  the  method  descrii5ed  above  were  found  to  lose  their  load 
of  amino  acid  at  a  rapid  rate.  In  contrast,  the  rate  of  efflux  of  cystine 
from  normal  lysosomes  was  extremely  slow;  this  rate  could  be  greatly  acceler- 
ated if  cysteamine,  a  penetrable  agent  known  to  reduce  cystine  to  its  thiol 
form,  cysteine,  was  added  to  the  efflux  medium.  Thus  cysteine,  in  contrast 

to  cystine,  appears  able  to  escape  rapidly  through  the  lysosomal  membrane. 
In  no  case  was  any  difference  noted  in  the  comparative  rates  of  efflux  of 
cystine  or  other  amino  acid  from  white  cell  lysosomes  of  normal  as  compared 
to  cystinotic  lysosomes. 

2 .  As  in  the  case  of  isolated  lysosomes ,  both  intact  leukocytes  and 
cultured  fibroblasts  can  similarly  be  loaded  with  cystine  by  incubation  with 
the  dimethyl  ester.  Preliminary  experiments  indicate  that,  in  contrast  to 
isolated  lysosomes,  the  free  cystine  levels  of  hyper-loaded  intact  normal 
cells  decline  more  rapidly  than  do  those  of  similarly  loaded  cystinotic 
cells. 

H.  Studies  on  Naturally  Occurring  Sulfur  Nucleotides. 

1.  In  collaboration  with  Dr.  Hans  Bremer,  GJniversity  of  Texas  at 
Dallas) ,  several  more  s4u-def icient  Escherichia  coli  mutants  have  been 
identified.  Four  of  the  five  studied  lack  Factor  A,  the  first  of  the  two 
s^U-producing  enzymes.  The  fifth  mutant,  RYH  101,  lacks  Factor  C.  The 
conditions  of  UV  irradiation  used  to  produce  these  mutations  simultaneously 
induced  a  thiamin  (thiazole)  requirement  in  all  5  cases.  The  thi'  lesion 
does  not  map  in  the  region  of  any  known  thi  genes,  and  a  more  accurate 
localization  is  in  process.  It  is  conceivable  that  thiamin  is  regulated  by 
a  s4U-modified  tRNA. 

2 .  In  an  attempt  to  prepare  known  thionucleotides  to  compare  with 
the  unknown  7-methylated-thioguanine  produced  by  bacteriophage  \,   hypo- 
xanthine  phosphor ibosyl  transferase  CHPRT)  was  prepared  from  human  RBC.  The 
enzyme  bound  the  thipurine  bases,  but  no  conditions  could  be  found  which 
would  effect  the  phosphoribosyl  transfer. 

3.  Further  study  of  the  genetics  of  this  X   system  in  collaboration 
with  Dr.  Sankar  Adhya  in  the  NCI,  revealed  that  two  A -coded  factors  may  be 
required,  or  possibly  two  subunits  of  a  single  enzyme  in  addition  to  a  specific 
E  -coli  tRNA  as  acceptor.  No  further  progress  has  been  made  in  the  identifi- 
cation of  this  tRNA  species. 
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I.  ThermodNTiamic  and  Kinetic  Studies  of  Protein  Structure  and 
EnivTnatic  Mechanisms . 

1.  The  rapid  unfolding  of  swine  pepsinogen  at  high  pH  have  been 
shown  to  be  followed  by  other  reversible  slow  reactions.  .Absorbance  studies 
show  further  small  changes  in  the  ionization  of  tyrosine  residues.  Double 
jump  experiments  indicate  that  the  unfolded  protein  is  changed  from  a 

fast  folding  form  to  a  mLxture  of  slow  folding  forms.  These  react:^ons 
preceed  irreversible  denaturation  and  resemble  proline  isomerization.  The 
alkaline  inactivated  form  of  pepsinogen  which  was  previously  identified  as 
an  intermediate  in  unfolding  is  shown  to  unfold  much  more  rapidly  than 
native  protein  at  high  pH.  However,  the  product  of  this  reaction  is  already 
in  a  slowly  refolding  form,  suggesting  that  the  inactivation  involves 
proline  isomerization  in  the  folded  protein.  These  results  show  that  the 
intermediates  detected  in  refolding  of  pepsinogen  after  unfolding  by  urea 
do  not  lie  on  the  most  direct  route  of  folding  but  are  trapped  in  partially 
folded  states  by  wrong  proline  isomers  formed  during  unfolding. 

2.  A  preliminary  indication  of  the  region  of  the  molecule  involved 
in  these  slow  changes  during  refolding  has  been  obtained  by  labelling 
experiments.  Pepsinogen  has  been  exposed  to  l-^C-DEP  at  neutral  pH  while 
undergoing  a  pH  drop  to  induce  refolding.  Carbethoxylation  is  found  to  occur 
at  Leucine  1,  Lysine  3,  Lysine  9  and  an  unknown  histidine  residue  in  the 
pepsinogen  sequence.  Control  experiments  showed  that  reaction  would  occur 

at  positions  1  and  5  in  the  native  protein,  showing  the  other  tvvo  reactions 
to  be  specific  for  the  partially  folded  intermediate.  Since  the  decrease  in 
potential  pepsin  activity  which  accompanies  these  reactions  is  not  reduced 
by  exposure  to  neutral  hydroxv'lamine ,  it  can  be  deduced  that  the  state  of 
Lysine  9  is  important  for  correct  activation  of  the  zvinogen. 

J.  Biochemical  Lesions  in  Genetic  Mucopolysaccharidosis. 

1.  Using  a  novel  and  highly  specific  sulfatase  as  a  structural 
probe,  it  has  been  sho\sn  that  3-0  sulfated  glucosamine  residues  are 
uniquely  present  in  heparin  and  heparin  fragments  having  high  affinity  for 
antithrombin.  Such  residues  are  a  minor  constituent  of  heparin  and  have  not 
previously  been  revealed  by  extensive  studies  by  N.M.R.  spectroscopy.  Using 
definitively  synthesized  glucosamine  sulfates  it  has  now  been  possible  to 
assign  a  specific  13c-n.m.r.  signal  to  3-0  sulfated  glucosamine  and  to 
confirm  its  presence  in  a  a  heparin  oligosaccharide  having  high  affinity  for 
antithrombin. 

2.  Approximately  60-^  of  the  3-0  sulfated  glucosamine  residues  in  a 
heparin  pentasaccharide  fragment  appear  to  bear  an  additional  sulfate  group, 
presumably  on  carbon-6.  To  prove  this  the  corresponding  3,6  di-0-sulfated 
sulfaminomethyl  glucoside  has  been  prepared.  Treatment  of  this  compound  and 
the  corresponding  pentasaccharide  with  nitrous  acid  should  lead  to  the 
identical  disulfated  anhydromannose  derivative. 

3.  A  number  of  intermediates  leading  to  the  synthesis  of  isomeric 
glucosamine  sulfates  have  been  purified.  In  particular,  conditions  facili- 
tating the  4-^  acetyl  shift  in  the  preparation  of  3,6-diacetylated 
intermediates  have  been  significantly  improved. 
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K.  Role  of  Inositol  in  Metabolism. 

1.  Synthase  activity  and  relative  organ  weight  reached  constant 
levels  in  normal  animals  in  two  weeks .  Adrenalectomy  had  no  effect  in  any 
organ  studied.  Thyroidectomy  caused  641  reduction  in  liver  synthase  without 
16%  reduction  in  rel.  wgt.  and  had  no  effect  on  reproductive  organs. 
Hypophysectomy  caused  severe  loss  of  weight  (70%)  and  activity  (901)  in 
accessory  sex  organs  with  smaller  losses  (50-70%)  in  testis  and  epididymis. 
Like  thyroidectomy,  hypophysectomy  caused  a  large  drop  in  liver  synthase 
(901)  but  only  small  loss  in  weight  (22%).  Testicular  acid  phosphatase 

and  6 -glucuronidase  increased  after  hypophysectomy  showing  specificity  of 
the  effect  on  synthase. 

2.  In  hypophysectomized  animals  FSH  and  LH  restored  synthase 
activity  and  relative  weight  to  normal  in  reproductive  organs  but  not  liver, 
while  thyroxine  and  triiodothyronine  stimulated  liver  synthase  30 -fold. 
Brain  synthase  activity  remained  unaffected  by  an  hormonal  change. 

We  conclude  that  inositol  synthesis  is  under  control  of  the  pituitary  in 
the  reproductive  organs  and  of  the  thyroid  in  the  liver . 

L.  Enzymes  of  Carbohydrate  Metabolism. 

1.  The  hepatopancreas  of  Limulus  polyphemus  contains  three  major 
hexokinase  isozymes,  two  of  which,  like  the  common  mammalian  isozymes  I 
nad  II,  have  a  low  Km  for  glucose  and  a  high  lOn  for  fructose.  The  third 
hexokinase,  a  mannofructokinase,  resembles  our  recently  described  lobster 
enzyme  except  that  it  is  incapable  of  reacting  with  glucose.  Limulus  also 
contains  large  quantities  of  two  sugar  dehydrogenases  not  found  in  lobster, 
one  of  which  can  oxidize  glucose  and  xylose  (NADP  dependent)  and  the  other 
fucose  and  arabinose  (using  either  NAD  or  NADP).  Preliminary  findings 
indicate  that  both  the  hexokinases  and  sugar  dehydrogenases  occur  at 
significantly  higher  levels  in  fed  than  in  fasted  animals . 

2.  The  glucose  of  Limulus  blood,  occurring  normally  at  levels  of 
only  about  3-5  mg%,  undergoes  rapid  metabolic  changes  and  utilization.  As 
much  as  70%  of  %  administered  on  C-6  of  glucose  is  excreted  as  3h20  within 
3  hours.  Glucose  is  more  rapidly  and  extensively  incorporated  into  glycogen 
of  muscle  than  into  that  of  hepatopancreas,  indicative  of  the  relative 
importance  of  muscle  in  metabolic  turnover  in  Limulus. 

M,  The  Function  of  Bacterial  Outer  Membrane  Components . 

1.  Protein  K  is  an  outer  membrane  protein  which  has  been  postulated 
by  other  investigators  to  be  associated  with  the  synrhesis  or  structure  of 
the  K-1  capsule  and  therefore  to  play  a  role  in  pathogenesis.  We  have  found 
no  apparent  connection  between  protein  K  and  the  K-1  capsule.  We  have 
isolated  and  characterized  both  K-1  encapsulated  strains  that  do  not  contain 
detectable  amounts  of  protein  K  and  K-1"  unencapsulated  strains  that  have 
unchanged  levels  of  protein  K. 
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2.  Porin  proteins  participate  in  the  formation  o£  pores  in  the 
outer  membrane.  These  pores  allow  the  passive  diffusion  of  small 
hydrophilic  molecules  across  the  outer  membrane.  We  have  shov/n  that,  like 
the  well  characterized  porin  proteins  (the  OmpF,  QnpC,  and  NinpA  proteins) 
protein  K  is  a  transmembrane,  peptidoglycan-associated  protein.  It  is  also 
immunologically  related  to  other  porin  proteins.  T^vo -dimensional 
chromatography  and  HPLC  comparing  protein  K  to  porin  proteins  show  the 
presence  of  several  common  peptides .  The  later  observation  has  been 
extended  by  others  to  include  a  marked  similarity  in  N-terminal  amino  acids. 

3.  The  Escherichia  coli  K-1  capsule  is  associated  with  patho- 
genecity.  The  genetic  information  for  the  production  of  the  K-1  capsule 
was  transferred  by  conjugation  into  E.  coli  strain  K-12  and  localized  by 
conjugation  and  transduction  to  within  2°d  of  the  E.  coli  genome. 
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The  transmembrane  orientation  of  the  hepatic  membrane  receptor  f or 
asialoglycoproteins  has  been  demonstrated .  Coated  vesicles  have  been  isolated 
from  rat  liver  and  characterized  biochemically  and  by  electron  microscopy. 
Radiation  inactivation  of  plasma  membranes  has  revealed  a  functional  molecular 
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haptoglobin-hemoglobin  complex  has  been  solubilized  and  partially  purified. 
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Project  Description: 

(1)  Evidence  has  been  obtained  to  demonstrate  the  transmembrane  disposition 
of  the  hepatic  receptor  for  asialoglycoproteins.  .Antibodies  raised  in 
goats  against  the  purified  receptor  were  perfused  through  a  rat  liver  with 
retention  of  approximately  half  of  the  receptor  specific  IgG  fraction. 
These  anti -receptor  antibodies  were  also  bound  specifically  to  hepatocyte 
plasma  membranes  oriented  with  their  cytoplasmic  surface  outward  on 
pclylysine-derivatized  beads.  These  two  phenomena  were  shown,  by  secpjential 
adsorption  on  beads  and  intact  liver  preparations,  to  be  properties  of 
distinct  subpopulations  of  antibodies.  These  findings  are  indicative  of  the 
transmembrane  nature  of  the  hepatic  binding  protein. 

(2)  The  significance  of  the  above  finding  is  being  currently  explored. 
For  this  purpose,  the  underlying  surfaced  coated  pits  which  is  rich  in 
clatherin,  and  is  postulated  to  particulate  in  receptor -mediated  endocytosis, 
has  been  isolated  and  is  being  characterized.  Attempts  are  in  progress  to 
determine  whether  the  cytosolic  fragment  of  the  receptor  serves  as  the 
mechanism  to  initiate  uptake  into  coated  vesicles.  A  corollary  question 
relates  to  the  role  of  receptor-reutilization  during  endocytosis.  Earlier 
studies  implicated  a  recycling  mechanism  which  has  been  challenged  by  more 
recent  data.  This  problem  is  being  approached  by  temperature  step-up 
experiments  designed  to  monitor  bound  and  free  receptor  status  concurrently 
with  ligand  metabolism. 

(3)  Studies  are  in  progress  to  clarify  the  topological  distribution  of  the 
receptor  present  on  the  membranes  of  the  subcellular  organelles.  For  this 
purpose,  specific  antibodies  have  been  prepared  to  which  ferritin  or   gold 
particles  have  been  attached  either  covalently  or  by  electrostatic 
attraction.  The  labeled  ligand  is  then  incubated  with  the  appropriate 
fraction  of  the  cell,  fLxed  and  examined  by  electron  microscopy.  The 
identification  of  the  affected  organelle  is  measured  by  morphological  and 
histochemical  techniques. 

(4)  Radiation  inactivation  has  been  used  to  determine  the  functional  size 
of  the  rat  liver  membrane  protein  which  binds  desialylated  glycoproteins. 
Purified  plasma  membranes  were  irradiated  with  high  energy'  electrons  from 
a  linear  accelerator  and  assayed  for  125i-asialo-orosomucoid  binding 
activity.  The  molecular  weight  of  the  rat  binding  protein,  determined 

in  situ  by  target  analysis,  was  approximately  104,000.  A  similar  value 
was  observed  for  the  analogous  rabbit  binding  protein.  In  both  cases,  the 
values  obtained  '..eie  shown  to  be  significantly  affected  by  the  pressure  of 
detergent  employed  in  the  solubilization  and  isolation  procedures. 

(5)  Activated  extracts  of  rat  liver  have  provided  a  convenient  source  of 
the  soluble  receptor  for  the  haptoglobin-hemoglobin  complex.  Extensive 
studies  have  been  carried  out  to  characterize  the  chemical  and  physical 
properties  of  the  receptor.  Due  to  the  lability  of  the  preparation, 
purification  was  limited  and  a  homogeneous  binding  protein  was  not  achieved. 
Work  on  this  project  has  been  completed  and  is  currently  being  written  up 
for  publication. 
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Proposed  Course  of  Project: 

(1)  It  is  proposed  to  study  the  topological  orientation  of  the  hepatic 
receptor  on  subcellular  or  ganelles  for  the  purpose  of  identifying  the 
presumed  recognition  function. 

C2}  To  delineate  the  fate  of  the  receptor  subsequent  to  ligand  endo- 
cytosis. 

(3)  To  study  the  participation  of  coated  vesicles  and  clatherin  in  the 
endocytotic  process. 

(4)  To  synthesize  monosaccharide -specific  neoglycoproteins  for  model 
binding  studies. 

Publications: 


Klausner,  R.  D.,  Bridges,  K.,  Tsunoo,  H. ,  Blumenthal,  R. ,  Weinstein,  J.  N., 
and  Ashwell,  G.:  Reconstitution  of  the  hepatic  asialoglycoprotein 
receptor  upon  interaction  with  phospholipid  vesicles.  Proc.  Natl.  Acad. 
Sci  USA  77 :  5087-509101980). 

Harford,  J.  and  Ashwell,  G.:  Immunological  evidence  for  transmembrane 
nature  of  the  rat  liver  receptor  for  asialoglycoproteins.  Proc.  Natl. 
Acad.  Sci,  USA  78_:  1557-1561  C1981) . 

Steer,  C.J.,  Kempner,  E.  S.  and  Ashwell,  G.:  Molecular  size  of  the 
hepatic  receptor  for  asialoglycoproteins.  Determined  .in  situ  by 
radiation  inactivation.  J.  Biol.  Chem.  in  press. 
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SUMMARY  Of  WORK  (200  words  or  less  -  underline  keywords) 

We  have  been  led  to  a  perception  of  the  enzymes  of  detoxication  as  a 
coherent  group  of  about  thirty  or  so  catalytic  activities  with  specific  features 
in  common.  These  enzymes  generally  have  a  broad  spectrum  of  substrates  with 
specificity  for  a  functional  group  rather  than  for  the  carbon  skeleton.  The 
substrates  are  usually  lipophilic  and  normally  feature  a  relatively  low  catalytic 
efficiency.  Emphasis  in  this  laboratory  has  been  on  enzymes  active  in  conjuga- 
tion reactions  such  as  those  catalyzed  by  glutathione  transferases,  aryl 
sul fotransf erases ,  hydroxysteroid  sulfotransferases7~and  aryl  N -methyl transfera- 
ses. Work  with  the  sulfotransferases  is  allowing  characterization  of  seven 
Hemogeneous  enzymes  from  rat  liver,  active  in  the  formation  of  sulfate  esters  of 
phenols,  primary  and  secondary  alcohols  including  hydroxys tero ids ,  and  organic 
hydroxylamines;  peptides  with  an  N-terminal  tyrosine  such  as  the  enkephalins 
and  cholecystakinin  heptapeptide.  are  sulfate  acceptors. 
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Project  Description:  ZOl  AM  17002-11  LBM 

The  formation  o£  organic  sulfates  is  a  major  step  in  the  direction  of  re- 
moving foreign  compounds  from  the  animal.  Previous  reports  from  our  laboratory 
have  delineated  the  enzymes  from  rat  liver  that  are  responsible  for  the 
transfer  of  sulfate  from  PAPS  to  primary  and  secondary  alcohols  and  phenols. 
The  seven  enzymes  that  have  been  identified  are  now  available  in  homogeneous 
form  and  have  been  characterized. 

One  of  these  enzymes,  aryl  sulfo transferase  IV,  is  of  particular  interest 
in  that  it  has  a  somewhat  broader  substrate  range  in  its  use  of  tyrosine  methyl 
ester  and  other  tyrosine  derivatives,  as  well  as  of  organic  hydroxyl amines ,  as 
sulfate  acceptors.  Transferase  TV  is  inactive  with  tyrosine  itself  but  is  able 
to  transfer  sulfate  to  N-terminal  tyrosine  in  such  peptides  as  the  enkephalins 
or  cholecystakinin  heptapeptide ;  the  enzyme  is  not  active  with  peptides  with 
internal  tyrosine  residues  as  acceptors.  On  the  basis  of  chemical  and  kinetic 
analysis  of  the  mechanism  of  aryl  sulfotransf erase  IV,  three  reactions  cata- 
lyzed by  the  enzyme  may  be  delineated:   the  sulfation  of  phenols  in  which  PAPS 
serves  as  a  donor;  the  sulfation  of  phenols  by  a  phenyl  sulfate,  an  "exchange 
reaction"  that  requires  adenosine  3' ,5' -bisphosphate;  and  the  nucleotide- inde- 
pendent, hydro lytic  cleavage  of  a  phenyl  sulfate.  Kinetically,  the  overall 
reaction  is  consistant  with  a  rapid  equilibrium  random  bi  bi  mechanism.  Chem- 
ically, the  data  with  a  variety  of  para  substituted  phenols  or  substrates 
suggest  that  resonance  delocalization  of  the  negative  charge  on  the  phenol 
oxygen  influences  the  rate -determining  step  of  the  reaction. 

Proposed  Course  -  Work  with  the  conjugating  enzymes  of  liver  is  intended 
to  delineate  the  means  by  v^hich  we  are  able  to  survive  in  the  presence  of  the 
many  noxious  and  toxic  compounds  to  which  we  are  exposed.  The  investigation 
of  the  above  noted  projects  will  be  continued  with  particular  emphasis  on  the 
enzymes  responsible  for  group  transfer. 

Publications : 

Marcus,  C.  J.,  Sekura,  R.  D. ,  and  Jakoby,  W.  B. :  A  hydroxys tero id  sulfotrans- 
ferase  from  rat  liver.  Anal.  Biochem.  107:  296-304,  1980. 

Weisiger,  R.  A.,  Pinkus,  C.  M. ,  and  Jakoby,  W.  B.:  Thiol  S-methyltransf erase: 
Suggested  role  in  the  detoxication  of  intestinal  hydrogen  sulfide.  Biochem. 
Pharmacol.  29:  2885-2887,  1980. 

Jakoby,  W.  B.  (Ed.}:  The  Enzymatic  Basis  of  Detoxication,  Vol.  I  and  II. 
Biochem.  Pharmacol,  and  Toxicol.  New  York,  Academic  Press,  1980,  pp.  369  and 
pp.  465, 

Jakoby,  W.  B. :  Detoxication  enzymes.   In  Jakoby,  W.  B.  (Ed.):  Enz>"matic 
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cellularly  in  vacuoles  and  secreted  to  the  periplasmic  space .  The  optimal 
structural  requirements  for  a  stimulator  of  yeast  3C1  "^  3)glucan  synthetase 
have  been  studied:  they  include  the  presence  of  a  pyrophosphate  or,  preferably 
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competitively  the  stimulation.  A  study  of  such  inhibitions  suggest  that 
adenosine  and  guanos ine  nucleotides  interact  with  the  same  domain  of  the  syn- 
thetase. 

A  simple  procedure  for  the  determination  of  protein  in  dilute  solutions 
and  in  the  presence  of  interfering  substances  has  been  developed. 
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protease  exists  in  a  latent  form  in  the  cell  and  can  be  activated  in  turn  by 
an  as  vet  undisclosed  mechanism.  Thus,  the  possibility  of  cascade  activation 
system'  for  the  chitin  synthetase  zymogen  is  suggested. 

C)  Purification  of  chitin  synthetase 

Efforts  are  under  way  to  purify  chitin  synthetase,  after  solubiliza- 
tion from  yeast  cell  membranes.  A  partial  purification  by  chromatography  on 
Sepharose  CL  6B  was  obtained  in  earlier  work.  .An  affinity  purification  step 
is  now  under  development,  which  consists  in  incubating  the  solubilized  enzyme 
with  a  complete  reaction  mixture.  The  reaction  product,  chitin,  precipitates 
out,  carrying  with  it  a  substantial  portion  of  the  synthetase.  The  enzyme  can 
be  easily  eluted  from  the  chitin  with  buffer,  with  a  large  increase  in  speci- 
fic activity. 

D)  An  endochitinase  from  yeast. 

The  isolation  and  characterization  of  this  enzyme  has  now  been  com- 
pleted. After  polyacrylamide  gel  electrophoresis,  the  purified  chitinase 
yields  several  bands,  but  all  of  them  appear  to  contain  enzymatic  activity. 
The  enzyme  has  a  very  low  pH  optimum,  bet\veen  1.5  and  2.  The  initial  reaction 
products  are  oligosaccharides  of  various  lengths,  which  are  then  shortened 
until  only  the  di-  and  trisaccharide  remain.  .Association  of  the  chitinase 
with  mannan  was  demonstrated  in  several  ways,  such  as  a  positive  periodate- 
Schiff  reaction  after  gel  electrophoresis,  adsorption  of  the  enzyane  on  a  Con 
.A-Sepharose  column  followed  by  elution  with  a -methyl -D-mannoside,  and  precip- 
itation with  specific  antibodies  against  mannan. 

Determination  of  the  intracellular  distribution  of  the  enzyme  showed 
that  part  of  it  is  in  the  periplasmic  space  and  another  portion  is  concentra- 
ted in  the  vacuoles  or  in  vesicles  that  copurify  with  them.   Incubation  of 
protoplasts  in  osmotically  stabilized  growth  medium  led  to  secretion  of  part 
of  the  enzyme  into  the  medium.   It  is  concluded  that  chitinase  is  a  secretory 
enzyme  in  yeast  and  that  it  is  stored  in  intracellular  vesicles  before  being 
secreted  into  the  periplasmic  space.  Because  of  its  localization  in  that 
space,  it  is  assumed  that  the  enzyme  may  have  a  role  in  a  partial  degradation 
of  chitin  at  the  septum,  concomitant  with  cell  separation.  Two  papers  on 
these  studies  have  been  submitted  for  publication. 

^I-  Biosynthesis  of  3(1  ^  5)glucan,  the  major  polysaccharide  of  the  yeast 
cell  wall  ^ ^^—^ 

A  kinetic  study  of  the  membrane -bound  e(l  ^  3)glucan  synthetase  has 
been  carried  out.  Previous  work  showed  that  the  enzyme  is  strongly  stimulated 
by  ATP  and  GTP.  These  two  nucleotides,  however,  require  different  conditions 
for  maximal  activation  and  are  susceptible  to  breakdown  bv  phosphatases 
present  in  the  membrane  preparation.  Analogs  of  .ATP  and  GTP  that  contain 
imino,  methylene  or  sulfur  groups,  were  found  to  be  more  stable  and  to  be 
active  as  stimulators  under  different  sets  of  conditions.  These  and  other  com- 
pounds were  used  to  study  the  structural  requirements  for  activation  of  the 
synthetase.  Optimal  stimulation  requires  a  guanosine  moiety  attached  to  a 
tryphosphate  group  (as  in  GTP).  The  two  hydroxyl  groups  of  the  teminal  phos- 
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Project  Description: 

Objectives:  The  ongoing  research  attempts  to  provide  an  understanding 
o£  the  molecular  mechanisms  of  morphogenesis.  The  topics  currently  under _ 
study  are  the  formation  of  the  primary  septum  of  yeast  and  the  biosynthesis 
of  a  glucan  which  is  a  major  structural  component  of  the  yeast  cell  wall. 

Methods  Employed:  The  organism  used  is  Saccharomyces  cerevisiae,  grown 
in  the  laboratory.  Cells  are  converted  into  protoplasts  by  treatment  with 
snail  intestinal  juice.  Protoplasts  are  disrupted  by  osmotic  lysis  and 
mechanical  shearing  to  obtain  particulate  fractions .  The  latter  are  further 
fractioned  by  centrifugation  in  density  gradients.  Enzymes  are  solubilized 
with  detergents  and  purified  by  conventional  methods  including  affinity  chrom- 
atography on  appropriate  adsorbents . 

Wheat  germ  agglutinin  and  purified  preparations  of  different  chitinases 
are  attached  to  colloidal  gold,  to  obtain  markers  for  the  localization  of 
chitin  in  cell  walls  and  septa  by  electron  microscopy.  Adducts  of  the  same 
proteins  with  fluorescein  isothiocyanate  are  used  as  chitin  markers  for 
fluorescence  microscopy. 

Major  Findings: 

I.  The  formation  of  the  yeast  primary  septum. 

A)  Localization  of  chitin  in  the  yeast  cell  wall. 

The  ability  of  cell  cycle  temperature- sens titive  yeast  mutants  to 
accumulate  chitin  at  the  nonpermissive  temperature  has  been  investigated.  A 
study  of  seven  such  mutants  has  shown  that  chitin  accumulation  occurred  only 
in  those  strains  that  are  blocked  in  an  early  portion  of  the  cycle.  We  inter- 
pret this  result  to  mean  that  cells  with  an  early  block  cannot  reach  a  later 
stage  of  the  cycle  where  chitin  synthesis  would  be  normally  turned  off.  "The 
distribution  of  chitin  in  the  cell  wall  of  the  mutants  has  been  ascertained 
by  electron  microscopy  with  the  use  of  colloidal  gold-wheat  germ  agglutinin 
markers.   In  several  cases  an  abnormal  distribution  was  found,  an  indication 
that  the  directional  system  that  limits  chitin  synthesis  to  the  septum  site 
had  been  disrupted.  The  ultrastructural  studies  are  now  being  completed. 

B)  Activation  of  the  chitin  synthetase  zymogen 

The  prb  mutant  of  Saccharomyces  cerevisiae  lacks  proteinase  B,  pre- 
viously considered  as  the  physiological  activator  of  chitin  synthetase  zymogen, 
yet  it  shows  a  normal  phenotype  with  respect  to  bofh  cell  division  and  chitin 
formation.  Extracts  of  mutant  cells  have  been  found  to  catalyze  an  activation 
of  solubilized  chitin  synthetase  zymogen,  but  their  activity  has  been  erratic. 
Preparations  of  solubilized  chitin  synthetase  zymogen,  when  stored  at  5°C, 
acquire  the  ability  to  self -activate.  Both  this  effect  and  that  of  the  acti- 
vating extracts  can  be  blocked  by  ct^-macroglobulin,  a  general  inhibitor  of 
proteases.  The  ability  of  the  zymogen  to  be  activated,  either  by  the  endoge- 
nous _  factor  (s)  or  by  trypsin,  is  destroyed  by  iodoacetamide  treatment.  A 
possible  interpretation  of  these  results  would  be  that  a  zymogen  activating 
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phate  must  be  free.  Esterification  of  one  of  these  hydroxyls  generates  sub- 
stances that  are  competitive  inhibitors  of  the  stimulators.  From  the  quanti- 
tative data  obtained  in  such  inhibitions  it  was  concluded  that  adenosine  and 
guanosine  nucleotides  probably  interact  with  the  same  domain  of  the  enzyme. 
A  manuscript  on  this  work  is  in  preparation. 

III.  A  simple  procedure  for  measuring  protein  by  the  Lowtv  method  in 
dilute  solutions  and  in  the  presence  of  interfering  substances. 

Such  a  procedure  has  been  in  use  in  our  laboratory  for  several 
years,  and  consists  in  precipitating  protein,  at  5  to  25  yg/ml,  with  trichlor- 
oacetic acid  in  the  presence  of  yeast  soluble  ribonucleic  acid  as  a  carrier. 
The  protein  and  nucleic  acid  are  dissolved  in  alkali  and  the  colorimetric 
procedure  according  to  Lowry  is  carried  out.  The  ribonucleic  acid  helps  in 
the  precipitation  of  protein  by  trichloroacetic  acid;  interfering  substances 
remain  in  the  supernatant  fluid.  A  paper  on  this  method  has  been  submitted 
for  publication. 

Publications 

Cabib,  E.  and  Shematek,  E.  M.:  Structural  polysaccharides  of  plants  and 
fungi:  comparative  and  morphogenetic  aspects.   In  Ginsburg,  V.  and  Robbins, 
P.  CEds.):  Biology  of  Carbohydrates,  Vol .  I .  New  York,  Wilev  §  Sons,  1981, 
pp.  51-90. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Our  work  is  directed  towards  the  relationship  of  protein  sequence 
to  conformation  and  enzymic  activity.  The  digestive  enzyme,  pepsin, 
is  synthesized  as  an  inactive  precursor  pepsinogen.  We  are  interested 
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this  is  suppressed  in  the  zymogen  and  is  induced  during  activation. 
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Project  Description: 

Methods  -  Visible  and  Ultraviolet  spectroscopy:  Optical  rotatory 
dispersion  and  circular  dichroism;  Viscosity;  Enzyme  Assays;  Rapid 
kinetic  techniques  using  stopped  flow  and  T-jump  apparatus. 

Major  Findings  - 

The  rapid  unfolding  of  sivine  pepsinogen  at  high  pH  have  been  shown 
to  be  followed  by  other  reversible  slow  reactions.  .Absorbance  studies 
show  further  small  changes  in  the  ionization  of  tyTosine  residues.  Double 
jump  experiments  indicate  that  the  unfolded  protein  is  changed  from  a 
fast  folding  form  to  a  mLxture  of  slow  folding  forms.  These  reactions 
preceed  irreversible  denaturation  and  resemble  proline  isomerization. 
The  alkaline  inactivated  form  of  pepsinogen  which  was  previously  identified 
as  an  intemiediate  in  unfolding  is  shown  to  unfold  much  more  rapidly  than 
native  protein  at  high  pH.  However  the  product  of  this  reaction  is 
already  in  a  slowly  refolding  form,  suggesting  that  the  inactivation 
involves  proline  isomerization  in  the  folded  protein.  These  results  show 
that  the  intermediates  detected  in  refolding  of  pepsinogen  after  unfolding 
by  urea  do  not  lie  on  the  most  direct  route  of  folding  but  are  trapped  in 
partially  folded  states  by  wrong  proline  isomers  formed  during  unfolding. 

A  preliminary  indication  of  the  region  of  the  molecule  involved  in  these 
slow  changes  during  refolding  has  been  obtained  by  labelling  experiments. 
Pepsinogen  has  been  exposed  to  I'^C-DEP  at  neutral  pH  while  undergoing  a  pH 
drop  to  induce  refolding.  Carbethoxylation  is  found  to  occur  at  Leucine  1, 
Lysine  3,  Lysine  9  and  an  unkno\vn  histidine  residue  in  the  pepsinogen 
sequence.  Control  experiments  showed  that  reaction  would  occur  at  positions 
1  and  3  in  the  native  protein,  showing  the  other  two  reactions  to  be 
specific  for  the  partially  folded  intermediate.  Since  the  decrease  in 
potential  pepsin  activity  which  accompanies  these  reactions  is  not  reduced 
by  exposure  to  neutral  hydroxylamine ,  it  can  be  deduced  that  the  state  of 
lysine  9  is  important  for  correct  activation  of  the  zymogen. 

Proposed  Course  - 

These  experiments  show  that  information  on  the  most  direct  route  of 
folding  for  pepsinogen  can  only  be  obtained  by  double  jump  experiments,  by 
first  unfolding  the  protein  under  the  most  extreme  conditions  of  pH  and 
temperature.  In  this  way  the  intermediates  which  are  trapped  by  incorrect 
proline  residues  and  mask  this  direct  route  can  be  avoided. 

Initial  experiments  have  shown  that  hydrogen  exchange  can  be  a  powerful 
tool  in  the  study  of  folding  pathways.  As  stable  structures  are  formed  in 
the  protein,  exchange  of  amide  proteins  with  radioactive  tritium  in  the 
solvent  is  prevented.  Thus  the  formation  of  these  structures  can  be 
quantified.  In  the  case  of  pepsinogen  it  seems  likely  that  the  molecule 
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can  can  be  fragmented  by  autolysis  at  pH  2  (where  hydrogen  exchange  is  very 
slow},  after  pulse  labelling  with  tritium  during  folding  at  pH  7.  The 
presence  or  absence  of  label  in  the  various  fragments  under  differing 
experimental  conditions  should  give  a  great  deal  of  information  on  their 
behaviour  while  refolding. 

In  collaboration  with  Dr.  R.  Bergeron  (University  of  Florida), 
molecular  modelling  studies  have  begun  on  the  properties  of  siderophore 
molecules  composed  of  poly  amine -dihydroxy  benzoic  acid  conjugates .  These 
are  very  strong  iron  chelators  and  may  have  a  number  of  important 
therapeutic  uses.  It  is  hoped  to  determine  which  forms  of  the  siderophores 
will  show  the  best  iron  binding  properties  without  synthesising  all 
of  the  many  possible  forms. 

Publications 

McPhie,  P.  and  Chiu,  F.-T.:  Diethyl  pyrocarbonate  inactivates  swine 
pepsinogen  by  reaction  at  amino  groups.  Arch.  Biochem.  Biophys.  in  press. 


109 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  space} 


U.S.  DEPARTMENT  OF 

HEALTH  AND  HUMAN  SERVICES 

PUBLIC  HEALTH  SERVICE 

NOTICE  OF 

INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOL  AM  17005-16  LBM 


PERIOD  COVERED 

October  1,  1980  to  September  30,  1981 


TITLE  OF  PROJECT  (80  characters  or  less) 

Studies  of  Naturally  Occurring  Sulfur  Nucleotides:  Identification, 
Chemistry,  Biosynthesis  and  Biological  Significance 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 

PI:       Marie  N.  Lipsett   Research  Chemist      LM  NIADDK 
OTHER:     Sankar  L.  Adhya    Res.  Microbiologist    LMBG  NCI 


COOPERATING  UNITS  (if  any) 

Laboratory  of  Molecular  Biology,  BGS,  NCI 


lab/branch 

Laboratory  of  Biochemistry  and  Metabolism 


SECTION 

Section  on  Enzymes  and  Cellular  Biochemistry 


INSTITUTE  AND  LOCATION 

NIADDK,  NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 

1.2 


PROFESSIONAL: 
1.1 


0.1 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

0  (al)  MINORS   D  (a2)  INTERVIEWS 


D  (b)  HUMAN  TISSUES 


[3^(c)  NEITHER 


SUMMARY  OF  WORK  (200  «ords  or  less  -  underline  keywords) 

Of  the  five  Escherichia  coli  mutants  thus  far  studied  which  lack 
4-thiouridine  Cs^U)  in  tRNA,  only  one  lacks  the  second  of  the  two 
thiolating  enzymes.  All  five  strains  have  an  otherwise  normal  thionucleotide 
pattern,  and  all  five  developed  a  thiamin  (thiazole)  requirement  sim.ul- 
taneously  with  the  s4u-  state. 

The  thioguanine  derivative  produced  after  infection  of  E.  coli 
with  bacteriophage  X  is  still  unidentified.  Further  information  was 
collected  on  the  X  genes  involved  in  this  thiolation  system. 


PHS-6040 


110 


ZOl  AM  17005-16  LEM 

Project  Description: 

Major  Findings • - 

In  collaboration  with  Dr.  Hans  Bremer,  [University  of  Texas  at 
Dallas} ,  several  more  s'^U -deficient  Escherichia  coli  mutants  have  been 
identified.  Four  of  the  five  studied  lack  Factor  A,  the  first  of  the 
two  snJ-producing  enzymes.  The  fifth  mutant,  RYH  101,  lacks  Factor  C. 
The  conditions  of  UV  irradiation  used  to  produce  these  mutations 
simultaneously  induced  a  thiamin  Cthiazole)  requirement  in  all  5  cases. 
The  thi  lesion  does  not  map  in  the  region  of  any  known  thi  genes ,  and 
a  more  accurate  localization  is  in  process.  It  is  conceivable  that 
thiamin  is  regulated  by  a  s%-  modified  tRNA. 

In  an  attempt  to  prepare  known  thionucleotides  to  compare  with  the 
unknown  7-methylated-thioguanine  produced  by  bacteriophage  A,  hypoxanthine 
phosphoribosyl  transferase  (HPRT)  was  prepared  from  human  RBC.  The 
enzyme  bound  the  thipurine  bases,  but  no  conditions  could  be  found 
which  would  effect  the  phosphoribosyl  transfer. 

Further  study  of  the  genetics  of  this  A  system  in  collaboration 
with  Dr.  Sankar  Adhya  in  the  NCI,  revealed  that  two  A -coded  factors 
may  be  required,  or  possibly  two  subunits  of  a  single  enzyme,  in 
addition  to  a  specific  E.  coli  tRNA  as  acceptor.  No  further  progress 
has  been  made  in  the  identification  of  this  tRNA  species. 

Publications: 

None 


111 


SMITHSONIAN   SCIENCE    INFORMATION    EXCHANGE 
PROJECT  NUMBER    (Do  MOT   use    this   sp«cej 


U.S.   DEPARTMENT   OF 

HEALTH    AND    HUMAN    SERVICES 

PUBLIC   HEALTH   SERVICE 

NOTICE  OF 

INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  AM  17006-07  LBM 


PERIOD  COVERED 

October  1,  1980  to  Septanber  50,  1981 


TITLE  OF  PROJECT  (80  characters  or  less) 

Function  of  Bacterial  Outer  Membrane  Components 


NAMES,    LABORATORY   AND    INSTITUTE  AFFILIATIONS,    AND   TIT'.ES   OF    PRINCIPAL    INVESTIGATORS   AND   ALL   OTHER 
PflOFESSIONAL   PERSONNEL   ENGAGED   ON   THE   PROJECT 


PI:      John  D.  Foulds    Research  Chemist 
OTHER:    Joyce  Sutcliffe    Staff  Fellow 


LEM  NLADDK 
Lm  NIADDK 


COOPERATING  UNITS  (if  any) 

Loretta  Leive,  XIH,  LBP/NL-XDDK 

John  Robbins,  NIH,  Bureau  of  Biologies 

Mike  Zasloff.  NIH.  GBB/NIADDK 


Hiroshi  Nikaido,  U  of  California, 
Berkeley 


lab/braijch 

Laboratory  of  Biochemistry  and  Metabolism 


SECTION 


Section  on  Enzymes  and  Cellular  Biochemistry 


INSTITUTE  AND  LOCATION 

NIADDK.  LBM,  Bethesda.  Maryland  20205 


TOTAL  MANYEARS: 

6 


PROFESSIONAL: 
2 


CHECK  APPROPRIATE  BOX(ES) 
n  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   n  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


[^(c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
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associated  with  pathogenic  strains!  has  been  demonstrated  in  the  absence 
of  outer  membrane  protein  K. 
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Project  Description: 

Objectives  -  the  goal  of  this  project  is  to  describe  the  functional 
role  of  individual  components  of  the  bacterial  outer  membrane.  This 
membrane  protects  against  deleterious  agents  commonly  found  in  the  cells 
environment  such  as  bile  salts.  To  accomplish  this  protection,  the 
outer  membrane  functions  as  a  partial  permeability  barrier  that  allows 
the  passage  of  small  hydrophilic  molecules  (e.g.  sugars,  amino  acids) 
while  excluding  molecules  with  a  molecular  weight  greater  than  about 
650  daltons.  This  project  will  examine  the  role  of  specific  outer 
membrane  proteins  in  the  passage  larger  molecules  [e.g.  vitamin  B12, 
f errichrome) ,  and  more  hydrophobic  molecules  (e.g.  certain  cephalosporins).- 

Also  of  interest  is  the  role  of  certain  outer  membrane  proteins  in 
the  biosynthesis  of  the  K-1  capsule  and  pathogenesis. 

Major  Findings: 

A.  Lack  of  association  of  protein  K  with  the  K-1  capsule. 

Protein  K  is  an  outer  membrane  protein  which  has  been  postulated  by 
other  investigators  to  be  associated  with  the  synthesis  or  structure  of 
the  K-1  capsule  and  therefore  to  play  a  role  in  pathogenesis.  We  have 
found  no  apparent  connection  between  pro;fein  K  and  the  K-1  capsule.  We 
have  isolated  and  characterized  both  K-1  encapsulated  strains  that  do 
not  contain  detectable  amounts  of  protein  K  and  K-1  unencapsulated 
strains  that  have  unchanged  levels  of  protein  K. 

B.  Protein  K  behaves  like  a  porin. 

Porin  proteins  participate  in  the  formation  of  pores  in  the  outer 
membrane.  These  pores  allow  the  passive  diffusion  of  small  hydrophilic 
molecules  across  the  outer  membrane.  We  have  shown  that,  like  the 
well  characterized  porin  proteins  (the  QmpF,  OmpC,  and  NmpA  proteins) 
protein  K  is  a  transmembrane,  peptidoglycan- associated  protein.  It  is 
also  immunologically  related  to  other  porin  proteins.  Two-dimentional 
chromatography  and  HPLC  comparing  protein  K  to  porin  proteins  show  the 
presence  of  several  common  peptides.  The  later  observation  has  been 
extended  by  others  to  include  a  marked  similarity  in  N-terminal  amino 
acids . 

C.  Collaborative  Studies. 

1.  John  Robbins  (Bureau  of  Biologies).  The  E.  coli  K-1  capsule 
is  associated  with  pathogenecity.  The  genetic  information  for  the  production 
of  the  K-1  capsule  was  transferred  by  conjugation  into  E.  coli  strain  K-12 
and  localized  by  conjugation  and  transduction  to  within  2%  of  the  E.  coli 
genome . 
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2.  Loretta  Leive  (LBP/NLADDK) .  The  interaction  of  porin  and 
non-porin''outer  membrane  proteins  in  the  passive  diffusion  of  various 
antibiotics  has  been  studied.  The  results  suggest  that  the  QnpA  protein, 
together  with  the  OmpF  porin-protein  influences  the  rate  of  diffusion  of 
hydrophobic  antibiotics. 

3.  Hiroshi  Nikaido  (University  of  California,  Berkeley).  The 
ability  of  different  porin  proteins  to  form  pores  which  participate  in 
the  passive  diffusion  of  hydrophobic  antibiotics  was  compared.  More 
hydrophobic  molecules  diffuse  more  slowly  and  it  was  shown  that  both 
hydrophobic  and  hydrophilic  molecules  utilize  porin  molecules  to  breach 
the  outer  membrane  barrier. 

4.  Mike  Zasloff  CGBB/NIADDK] .  Bacteriophage  have  been  found  to 
be  associated  with  Pseudomonas  infections.  It  is  possible  that  these 
bacteriophage  may  influence  the  course  of  the  infection  by  lysogeni ration 
and  phage  conversion  of  the  organism. 

Proposed  Course  - 

1.  Protein  K:  genetic  and  physiological  characterization.  We  will 
try  to  clone  the  genetic  information  which  specifies  the  synthesis  of 
protein  K  using  various  lambda  vectors  and  a  por in-negative  strain  as  a 
host.  The  notion  is  that  if  protein  K  is  a  porin,  then  lysogenization  by 
a  phage  which  carries  a  functional  protein  K  structural  gene  will  allow 
more  rapid  growth  of  the  lysogen.  The  goal  here  is  to  define,  more 
clearly,  the  porin  role  of  protein  K.  We  also  will  determine  if,  in  the 
absence  of  protein  K,  other  outer  membrane  proteins  (por ins?)  are  needed 
for  the  e.xpression  of  synthesis  of  the  K-1  capsule. 

2.  Role  of  outer  membrane  proteins  in  the  uptake  of  hydrophobic 
molecules.  The  porin  proteins  have  been  shown  to  have  an  important  role 
in  the  passive  diffusion  of  small  hydrophilic  molecules  across  the  outer 
membrane.  We  have  recently  demonstrated  that  these  proteins,  as  well  as 
the  QnpA  protein  (a  non-porin  major  outer  membrane  protein)  are  involved 
in  the  passive  diffusion  of  hydrophobic  molecules.  These  studies  will  be 
extended  using  strains  which  contain  the  plasmid  R417a  and  missing  one 

or  more  of  the  major  outer  membrane  proteins.  The  R417a  plasmid  codes 
for  a  6-lactamase  which  is  localized  just  inside  the  outer  membrane  in 
the  periplasmic  space.  Using  various  6 -lactam  antibiotics,  which  differ 
significantly  in  their  hydrophobicity,  the  rate  of  passive  diffusion  of 
the  antibiocic  across  the  outer  membrane  can  be  measured  in  intact  cells 
which  differ  in  the  protein  composition  of  the  outer  membrane. 

Publications : 
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gated  further. 

2.   Studies  on  the  means  by  which  mammary  cells  can  become  independent 
of  prolactin  in  regard  to  the  synthesis  of  a-lactalbumin  will  be  extended. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute  - 
Hormones  are  involved  in  normal  growtn  and  differentiation,  and  are  impli- 
cated in  many  disease  states.   The  mammary  gland  system  provides  an  excellent 
opportunity  to  increase  our  understanding  about  the  ways  in  which  a  number 
of  different  types  of  hormones  interact  with  target  cells. 

Publications 
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Bolander,  Jr.,  F.,  and  Topper,  Y.:   The  Asynchronous  Hormonal  Induction  of 

Lactose  Synthetase  Components,  a-lactalbumin  and  Galactosyltransf erase,  in 

Relation  to  Lactose  Secretion  By  Mouse  Mammary  Explants.   Endocrinology  108 : 
1594-1596  (1981). 

Topper,  Y.  Bolander,  F.  F.,  Jr.,  Nicholas,  K.  R. ,  and  Nagaiah,  K.  :   Depen- 
dence of  Prolactin-Induced  Differentiation  of  Mouse  Mammary  Epithelial  Cells 
on  Glucocorticoid  and  Estrogen  in  "Hormone  Cell  Interactions  in  Reproductive 
Tissues"   in  press  . 

Bolander,  F.  F.  Jr.,  Nicholas,  K.  R. ,  Van  Wyk,  J.  J.  and  Topper,  Y.  J.:   In- 
sulin Is  Essential  for  Accumulation  of  Casein  mRNA  in  Mouse  Mammary  Epithe- 
lial Cells.   PNAS  in  press. 
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Project  Description: 

Objectives  -  To  study  the  molecular  and  cytological  phenomena  involved 
in  the  development  of  the  mammary  gland.   This  includes  attempts  to  under- 
stand the  mechanism  of  action  of  insulin,  prolactin,  glucocorticoids,  estro- 
gen, progesterone  and  thyroid  hormone  on  this  tissue. 

Methods  Employed  -  Mammary  gland  explants,  mammary  epithelial  cells  or 
mammary  cell  nuclei  are  cultured  in  synthetic  media.   Development  of  a-lac- 
talbumin  activity  and  lactose  synthetase  activities  are  determined  by  en- 
zymatic means.   Synthesis  of  casein  is  determined  immuno chemically ,  or  by 
electrophoretic  isolation  of  ^^P-labeled  phosphoproteins.   Casein  mRNA  is 
assayed  by  cDNA  hybridization.   DNA  and  RNA  syntheses  are  studied  using  con- 
ventional methods. 

Major  Findings  - 

A.  The  accumulation  of  casein  mRNA  by  mouse  mammary  explants  requires 
at  least  4  hormones: 

1.  Prolactin:   Although  prolactin  is  not  required  for  certain  in- 
termediate developmental  changes  in  mouse  mammary  epithelial  cell,  it  is 
necessary  for  accumulation  of  casein  mRNA. 

2.  Glucocorticoid:   Glucocorticoid  is  essential  for  the  accumula- 
tion of  casein  mKNA,  but  is  not  required  for  the  synthesis  of  "total"  RNA  in 
mouse  mammary  cells. 

3.  Estrogen:  The  requirement  for  estrogen  can  only  be  detected  in 
mammary  tissue  from  ovariectomized  mice.  Such  tissue  can  respond  to  insulin 
and  glucocorticoid,  but  not  to  prolactin.  The  lesion  appears  to  reside  dis- 
tal to  the  prolactin  binding  sites  on  the  mammary  cells. 

4.  Insulin:   Epidermal  growth  factor  and  somatomedin  C  can  main- 
tain the  viability  of  mouse  mammary  epithelial  cells  as  well  as  insulin,  but 
only  insulin,  together  with  the  3  hormones  listed  above,  can  support  the  ac- 
cumulation of  casein  mRNA.   We  suggest  that  it  would  be  useful  to  consider 
insulin  as  a  dif f erentiative  hormone,  as  well  as  a  metabolic  and  growth  fac- 
tor. 

B.  Induction  of  a-lactalbumin  in  the  absence  of  exogenous  prolactin: 
Prolactin  has  been  considered  as  a  hormonal  requirement  for  induction  of 
milk  proteins  in  all  species.   However,  it  has  been  observed  that  de  novo 
synthesis  of  a-lactalbumin  can  be  induced  in  mammary  explants  from  pregnant, 
but  not  those  from  virgin,  rats  by  insulin  and  glucocorticoid  in  the  absence 
of  prolactin.   Administration  of  progesterone  or  estrogen,  but  not  desoxy- 
corticosterone,  can  render  tissue  from  virgin  rats  independent  of  prolactin 
in  this  regard.   Casein  synthesis  does  require  prolactin. 

Proposed  Course  of  Project  - 

1.   The  role  of  insulin  as  a  dif f erentiative  hormone  will  be  investi- 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  hormonal  regulation  of  inositol  1 -phosphate  synthase  (EC  5.5.1.4)  in 
brain,  1 iver  and  reproductive  organs  has  been  examined.   In  the  hypophysecto- 
mized  male  rat  the  enzyme  decreases  in  testis,  epididymis,  and  liver  and  vir- 
tually disappears  in  the  secondary  sex  organs.  Thyroidectomy  produces  a  large 
decrease  in  liver  synthase  only.  Brain  synthase  is  unresponsive  to  ar,>  hor- 
monal change.  Gonadotropins  restore  the  activity  to  normal  in  the  reproduc- 
tive organs  but  not  in  the  liver  after  hypophysectomy.  In  liver  the  activity 
is  stimulated  30-fold  by  thyroid  hormones  in  the  hypophysectomized  animal. 
We  conclude  that  synthase  of  the  reproductive  organs  is  regulated  more  or  less 
directly  by  the  pituitary;  liver  synthase  is  regulated  by  the  thyroid. 
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Project  Description: 

Objective  -  Hormonal  regulation  of  inositol  biosynthesis. 

Methods  -  Organs  from  normal,  hypophysectomized,  adrenal ectomi zed, 
thyroidectomized,  and  sham  operated  rats  were  assayed  for  inositol  1 -phos- 
phate synthase  at  different  times  and  under  various  conditions.  FSH,  LH, 
thyroxine,  and  triiodothyronine  were  administered  subcutaneously. 

Major  Findings  -  Synthase  activity  and  relative  organ  weight  reached 
constant  levels  in  normal  animals  in  two  weeks.  Adrenalectomy  had  no  effect 
in  any  organ  studied.  Thyroidectomy  caused  64%  reduction  in  liver  synthase 
with  only  16%  reduction  in  rel .  wgt.  and  had  no  effect  on  reproductive  or- 
gans. Hypophysectomy  caused  severe  loss  of  weight  (70%)  and  activity  (90%) 
in  accessory  sex  organs  with  smaller  losses  (50-70%)  in  testis  and  epidid- 
ymis. Like  thyroidectomy,  hypophysectomy  caused  a  large  drop  in  liver  syn- 
thase (90%)  but  only  small  loss  in  wgt.  (22%).  Testicular  acid  phosphatase 
and  e-glucuronidase  increased  after  hypophysectomy  showing  specificity  of 
the  effect  on  synthase. 

In  hypophysectomized  animals  FSH  and  LH  restored  synthase  activity  and 
relative  weight  to  normal  in  reproductive  organs  but  not  liver,  while  thy- 
roxine and  triiodothyronine  stimulated  liver  synthase  30-fold. 

Brain  synthase  activity  remained  unaffected  by  any  hormonal  change. 

We  conclude  that  inositol  synthesis  is  under  control  of  the  pituitary 
in  the  reproductive  organs  and  of  the  thyroid  in  the  liver. 

Significance  -  Inositol  1-phosphate  synthase  accounts  for  all  de  novo 
synthesis  of  myoinositol,  the  principal  monomeric  sugar  of  the  brain  and  the 
rete  testis,  and  the  precursor  of  phosphatidyl  inositol ,  an  essential  membrane 
phospholipid.  Although  present  in  the  diet,  an  additional  supply  of  inositol 
is  required  by  some  organs  such  as  brain.  From  the  response  of  the  liver 
synthase  to  thyroid  hormones  it  is  likely  that  the  liver  under  certain  con- 
ditions provides  a  significant  additional  source  of  inositol  for  the  whole 
organism. 

Proposed  Course  -  Two  aspects  of  this  problem  will  be  examined  with  a 
view  toward  clarification  of  the  role  of  the  high  concentrations  of  inositol 
in  brain,  reproductive  organs,  and  other  secretory  tissues:  (1)  the  role  of 
testosterone  in  mediating  the  effect  of  the  gonadotropins  on  synthase  in  ac- 
cessory sex  organs  and  (2)  the  effect  of  thyroid  hormones  on  the  liver  syn- 
thase activity  in  the  normal  animal.  Both  studies  are  in  progress. 

Publications: 

Maeda,  T. ,  and  Eisenberg,  F.,  Jr.:  Purification,  structure,  and  catalytic 
properties  of  L-myoinositol  1-phosphate  synthase  from  rat  testis.  (1980)  J. 
Biol.  Chem.  255:  8458-8464. 

Hasegawa,  R. ,  and  Eisenberg,  F. ,  Jr.:  Selective  hormonal  control  of  myoino- 
sitol biosynthesis  in  reproductive  organs  and  liver  of  the  male  rat.  (1981) 
Proc.  Natl.  Acad.  Sci .  USA  (in  press) 
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SUMMARY  OF  WORK  (200  words  or  loss  -  underline  keywords) 

Human  cystinosis  is  an  inherited  disorder  characterized  by  excessive  intralyso- 
somal  accumulation  of  the  amino  acid  cystine  in  certain  cells.   Although  it  has 
been  suggested  that  this  disorder  may  be  due  to  defective  lysosomal  transport  of 
cystine,  experimental  efforts  to  establish  !:bis  point  have  hitherto  been  hamperec 
by  the  inability  to  "load"  normal  cell  lysosomes  with  cystine,  either  in  vitro 
or  in  vivo.   Recent  experiments  carried  out  in  collaboration  with  Drs.  J.  D. 
Schulman  and  R.  Steinhertz  indicate  that  such  loading  can  be  accomplished  by  ex- 
posure of  isolated  lysosomes  or  intact  cells  to  the  freely  permeable  and  hydro- 
lyzable  cystine  dimethyl  ester.   This  technique  shows  promise  in  permitting  com- 
parative kinetic  studies  of  cystine  decay  in  normal  and  cystinotic  cell  lysosomes 
and,  possibly,  in  detection  of  heterozygote  carriers. 
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Project  Description: 

Objectives  -  To  elucidate  the  biochemical  basis  of  human  cystinosis,  a 
rare  inherited  disorder  characterized  by  the  excessive  intra-lysosomal  accu- 
mulation of  the  amino  acid  cystine  in  certain  cells  of  the  body. 

Methods  -  Washed,  lysosomal-rich  fractions  of  leukocytes  from  normal  and 
cystinotic  patients  are  "loaded"  with  radioactive  cystine  and  other  amino 
acids  by  pre- incubation  with  the  respective  methyl  esters,  which  readily  pen- 
etrate the  lysosomal  membrane  and  undergo  subsequent  enzymatic  hydrolysis  to 
the  free  amino  acids.   The  lysosomes  thus  loaded  are  washed  and  suspended  in 
fresh  buffer;   at  intervals  of  time  samples  of  the  lysosomal  suspension  are 
filtered,  washed,  and  counted  in  order  to  assess  the  rate  of  efflux  of  the 
amino  acid  from  the  lysosomal  compartment.   In  additional  experiments  intact 
leukocytes  and  cultured  cells  from  normal  and  cystinotic  individuals  are 
similarly  "loaded"  with  radioactive  cystine  by  incubation  with  the  dimethyl 
ester  and  the  loss  of  accumulated  cystine  quantitated  by  high-voltage  paper 
electrophoresis  of  the  protein-free  cell  extracts. 

Major  Findings  -  Normal  human  leukocyte  lysosomes  loaded  with  leucine, 
methionine,  or  phenylalanine  by  the  method  described  above  were  found  to  lose 
their  load  of  amino  acid  at  a  rapid  rate.   In  contrast,  the  rate  of  efflux 
of  cystine  from  normal  lysosomes  was  extremely  slow;  this  rate  could  be 
greatly  accelerated  if  cysteamine,  a  penetrable  agent  known  to  reduce  cystine 
to  its  thiol  form,  cysteine,  was  added  to  the  efflux  medium.   Thus  cysteine, 
in  contrast  to  cystine,  appears  able  to  escape  rapidly  through  the  lysosomal 
membrane.   In  no  case  was  any  difference  noted  in  the  comparative  rates  of 
efflux  of  cystine  or  other  amino  acid  from  white  cell  lysosomes  of  normal  as 
compared  to  cystinotic  lysosomes. 

As  in  the  case  of  isolated  lysosomes,  both  intact  leukocytes  and  cul- 
tured fibroblasts  can  similarly  be  loaded  with  cystine  by  incubation  with  the 
dimethyl  ester.   Preliminary  experiments  Indicate  that,  in  contrast  to  iso- 
lated lysosomes,  the  free  cystine  levels  of  hyper-loaded  intact  normal  cells 
decline  more  rapidly  than  do  those  of  similarly  loaded  cystinotic  cells. 

Significance  to  NIADDK  Research:   Human  cystinosis  is  an  interesting  and 
possibly  unique  example  of  lysosomal  storage  disease.   Progress  in  understan- 
ding the  nature  of  this  disease  has  hitherto  been  hampered  by  the  inability  to 
"load"  normal  cells  with  free  cystine  in  order  to  compare  the  relative  half- 
lives  of  excess  amounts  of  the  amino  acid  in  normal  and  cystinotic  cells. 
The  ability  to  achieve  such  loading  through  incubation  with  the  dimethyl  es- 
ter shows  promise  in  overcoming  this  previous  limitation  in  experimental 
technique.   Furthermore,  the  method  as  outlined  may  prove  of  value  in  efforts 
to  develop  a  reliable  method  of  carrier  (heterozygote)  detection. 

Proposed  Course  of  Project 

The  collaborative  program  outlined  above  will  continue  in  an  effort  to 
exploit  further  the  usefulness  of  cystine  loading  of  normal  and  cystinotic 
cells  via  the  use  of  cystine  dimethyl  ester. 

Publications :   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Messenger  RNAs  for  the  milk  proteins,  casein  and  alpha-lac talbumin.  were 
isolated  and  partially  purified  from  lactating  mouse  mammary  gland.   The  trans- 
lation of  poly(A)+  mRNA  in  a  cell-free  system  yielded  three  casein  polypeptides 
and  a  putative  precursor  form  of  alpha-lactalbumin.   Analysis  of  the  milk  proteir 
mRNAs  during  tne  development  of  mammary  gland  demonstrated  that  casein  mRNA 
increased  progressively  during  pregnancy,  amounting  to  50-60%  of  the  total  mRNA 
activity  during  lactation,  whereas  alpha-lactalbumin  mRNA  remained  at  low  levels 
during  pregnancy  and  increased  sharply  during  lactation,  amounting  to  0.2-0.4% 
of  the  total  mRNA  activity.  These  results  indicate  that  synthesis  of  milk  proteir 
in  lactating  tissue  are  closely  parallel  with  the  level  of  corresponding  mRNAs. 

Addition  of  vanadate  was  found  to  enhance  the  stimulatory  effect  of  insulin 
on  DNA  synthesis  in  cultured  mouse  mammary  gland.   Vanadate,  however,  inhibited 
insulin-dependent  casein  synthesis  and  blocked  the  mitogenic  action  of  Li+  on 
mammary  cells.  These  results  are  in  line  with  our  hypothesis  that  ions  play  an 
important  regulatory  role  in  the  hormone-dependent  development  of  mammary  gland 


PHS-6040 
(Rev.  2-81) 


122 


ZOl  AM  18003-08   LBM 

Project  Description: 

Objectives  -  Elucidation  of  the  fundamental  mechanisms  involved  in  the 
regulation  of  the  growth  and  differentiation  of  mammalian  cells  is  one  of 
the  important  problems  in  the  field  of  biochemistry  and  cell  biology.  Our 
aim  is  to  assess  and  identify  intracellular  regulatory  substances  in  the 
developmental  processes.   We  have  used  an  in  vitro  model  system  wherein  the 
mammary  gland  undergoes  cell  proliferation  and  functional  differentiation  in 
response  to  synergistic  action  of  insulin,  glucocorticoid  and  prolactin. 

Methods  -  The  experimental  procedures  employed  in  this  investigation 
include  the  following:   organ  culture  of  mouse  mammary  gland;  preparation 
of  mammary  epithelial  cells  free  of  fat  cells;  immunochemical  analysis  of 
the  milk  proteins,  casein  and  alpha-lactalbumin  using  specific  antibodies; 
isolation  and  characterization  of  milk  protein  mRNAs  and  cell-free  trans- 
lation of  these  mRNAs; analysis  of  nascent  polypeptides  by  sodium  dodecyl 
sulfate  polyacrylamide  gel  electrophoresis;  enzyme  assays  for  S-adenosyl-L- 
methionine  decarboxylase,  UDP-galactosyl  transferase  and  alpha-lactalbumin. 

Major  Findings  -  Messenger  RNAs  for  the  milk  proteins,  casein  and  alpha 
lactalbumin,  were  isolated  and  partially  purified  from  lactating  mouse 
mammary  glands.   The  translation  of  poly (A)   mRNA  in  a  wheat  germ  cell-free 
system  yielded  three  casein  polypeptides  and  a  putative  precursor  form  of 
alpha-lactalbumin.   The  presence  of  individual  casein  mRNAs  coding  for  these 
polypeptides  was  demonstrated  by  the  translation  of  various  fractions  of 
mRNA  ontained  by  sucrose  density  gradient  centrifugation  of  poly(A)   mRNA. 
Casein  mRNA  activity  increased  about  250-fold  between  midpregnancy  and  the 
10th-12th  days  of  lactation,  amounting  to  50-60%  of  the  total  mRNA  activity 
in  that  tissue.   In  contrast,  alpha-lactalbumin  mRNA  remained  low  levels 
during  pregnancy  and  increased  sharply  after  parturition.  During  lactation, 
alpha-lactalbumin  mRNA  amounted  to  0.2-0.4%  of  the  total  mRNA  activity,  which 
corresponds  to  the  percentage  of  alpha-lactalbumin  in  total  mouse  milk  pro- 
tein. 

Synergistic  actions  of  insulin,  Cortisol  and  prolactin  induce  formation 
of  the  milk  proteins  casein  and  alpha-lactalbumin  in  organ  culture  of  mouse 
mammary  gland.   The  synthesis  of  casein  and  alpha-lactalbumin  are  not 
synchronous  and  subject  to  the  differential,  concentration-dependent  action 
of  Cortisol.   Maximal  induction  of  casein  and  alpha-lactalbumin  occurs  in 
the  presence  of  3  uM  and  0.03  uM  Cortisol,  respectively.   Moreover,  Cortisol 
at  concentrations  above  0.03  uM  caused  progressive  inhibition  of  alpha- 
lactalbumin.  Additional  studies  revealed  that  the  concentration  of  prolactin 
in  culture  medium  is  an  important  factor  for  determining  the  pattern  of  re- 
sponse of  mammary  tissue  to  the  differential  actions  of  Cortisol.  The  data 
suggest  that  Cortisol  alters  the  sensitivity  of  mammary  cells  to  prolactin 
or  vice  versa. 

Addition  of  vanadate  was  found  to  enhance  the  stimulatory  effect  of 
insulin  on  DNA  synthesis  in  cultured  mammary  tissue.   Vanadate,  however, 
inhibited  insulin-dependent  casein  synthesis  and  also  blocked  the  mitogenic 
action  of  lithium  ion  on  mammary  cells.   These  results  are  in  support  of 
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our  working  hypochesis  chat  ions  play  an  important  regulatory  role  in  the 
hormone-dependent  develpoment  of  mammary  gland. 

Proposed  Course  of  Project  and  Significance  -  We  intend  to  pursue  the 
elucidation  of  the  complex  regulatory  mechanism  involved  in  the  growth  and 
development  of  the  mammary  gland.   Emphasis  will  be  placed  on  further  assess- 
ment of  possible  intracellular  regulatory  substances  including  polyamines, 
ions,  cyclic  nucleotides  and  prostaglandins  in  hormone-dependent  prolifera- 
tion and  differentiation  in  mammary  gland.   In  addition,  effots  will  be  made 
to  delineate  the  action  of  hormones  involved  in  lactogenesis  at  cellular  and 
molecular  levels. 

Publications: 

Takemoto,  T.,  Nagamatsu,  Y.,  and  Oka,  T.:   Casein  and  alpha-lactalbumin 
messenger  RNAs  during  the  development  of  mouse  mammary  gland.   Develop.  Biol. 
78:  247-257,  1980  . 

Hori,  C.,  and  Oka,  T.  :  Vanadate  enhances  the  stimulatory  action  of  insulin 
on  DNA  synthesis  in  cultured  mouse  mammary  gland.   Biochim.  Biophys.  Acta 
610:  235-240,  1980  . 

Sakai,  T.,  Perry,  J.  W.,  and  Oka,  T.:   Putrescine  and  the  regulation  of  S- 
adenosyl-L-methionine  decarboxylase  in  cultured  mouse  mammary  gland.   Biochim. 
Biophs.  Acta  614:  577-582,  1980  . 

Ono,  M.,  Perry,  J.  W.  and  Oka,  T.:   Concentration-dependent  effects  of 
Cortisol  on  synthesis  of  alpha-lactalbumin  and  of  casein  in  cultured  mammary 
gland  explants:  importance  of  prolactin  concentration.   IN  VITRO  17:  121- 
128  ,  1981  • 

Oka,  T.,  Perry,  J.  W. ,  Takemoto,  T.,  Sakai,  T.,  Terada,  N.,  and  Inoue,  H.: 
The  multiple  regulatory  roles  of  polyamines  in  the  hormonal  induction  of 
mammary  gland  development.   Advances  in  Polyamine  Research  ,  Vol  III  (eds. 
C.  M.  Caldarera  et  al.)  309-320,  Raven  Press,  New  York  1981-. 

Ziche,  M.,  Maiorana,  T. ,  Oka,  T.,  and  Gullino,  P.  M.  :  Influence  of  lithium 
on  mammary  tumor  growth  in  vivo.   Cancer  Letters  9:  219-224,  1980- 

Nebert,  D.  W. ,  Jensen,  N.  M. ,  Perry,  J.  W. ,  and  Oka,  T.  :   Association 
between  ornithine  decarboxylase  induction  and  the  Ah  locus  in  mice  treated 
with  polycyclic  aromatic  compounds.   J.  Biol.  Chem.  255:  6836-6842,  1980. 

Furuichi,  K. ,  Ezoe,  H. ,  Obara,  T. ,  and  Oka,  T. :   Evidence  for  a  naturally  oc- 
curring anti-spermine  antibody  in  normal  rabbit  serum.   Proc.  Natl.  Acad.  Sci. 
U.S.A.  77:  2904-2908,  1980  . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  novel  sulfatase,  specific  for  the  3-0  sulfate  ester  of  methyl-2-deoxy-2- 
sulfamino-a-D-glucopyranoside  3-sulfate,  has  been  purified  from  human  urine  and 
used  as  a  probe  to  study  the  structural  composition  of  heparin.  Heparin  having 
high  affinity  for  antithrombin,  as  distinguished  from  molecular  species  having 
little  or  no  such  affinity,  has  been  found  to  contain  3-0  sulfated  and  3,6  dis- 
ulfated  glucosamine  residues.   Nuclear  magnetic  resonance  studies  using  defin- 
itively synthesized  glucosamine  sulfates  as  standards  have  confirmed  this 
finding.   The  presence  of  3-0  sulfated  glucosamine  residues  is  an  important 
new  element  in  the  accepted  structure  of  heparin;  such  residues  may  be  essential 
to  the  binding  of  heparin  to  antithrombin  in  its  role  as  an  inhibitor  of  the  co- 
agulation of  blood. 
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Project  Description: 


Objectives  -  To  purify  and  elucidate  the  specificity  and  role  of  a 
novel  glucosamine  sulfohydrolase  isolated  from  human  urine. 

Methods  -  1)  Conventional  procedures  are  applied  to  the  purification  of 
the  enzyme.   Appropriately  labeled  substrates  are  prepared  synthetically  and 
are  used  to  detect  the  possible  presence  of  the  enzyme  in  various  tissues  and 
to  study  its  properties. 

2)  The  purified  enzyme  is  used  as  a  probe  to  elucidate  the 
nature  of  the  sulfated  residues  in  heparin  and  heparin  fragments  having  high 
affinity  for  antithrombin.   Employing  analogues  of  known  structure  as  stan- 
dards, the  structure  of  high  affinity  heparin  is  examined  by  nuclear  magnetic 
resonance  spectral  analysis. 

Major  Findings  - 

1)  Using  a  novel  and  highly  specific  sulfatase  as  a  structural  probe,  it 
has  been  shown  that  3-0  sulfated  glucosamine  residues  are  uniquely  present  in 
heparin  and  heparin  fragments  having  high  affinity  for  antithrombin.   Such 
residues  are  a  minor  constituent  of  heparin  and  have  not  previously  been  re- 
vealed by  extensive  studies  by  N.M.R.  spectroscopy.   Using  definitively  syn- 
thesized glucosamine  sulfates  it  has  now  been  possible  to  assign  a  specific 
^^C-n.m.r.  signal  to  3-0  sulfated  glucosamine  and  to  confirm  its  presence  in 
a  heparin  oligosaccharide  having  high  affinity  for  antithrombin. 

2)  Approximately  60%  of  the  3-0  sulfated  glucosamine  residues  in  a  hepa- 
rin pentasaccharide  fragment  appear  to  bear  an  additional  sulfate  group,  pre- 
sumably on  carbon-6.   To  prove  this  the  corresponding  3,6  di-0-sulfated 
sulfaminomethyl  glucoside  has  been  prepared.   Treatment  of  this  compound  and 
the  corresponding  pentasaccharide  with  nitrous  acid  should  lead  to  the  iden- 
tical disulfated  anhydromannose  derivative. 

3)  A  number  of  intermediates  leading  to  the  synthesis  of  isomeric  gluco- 
samine sulfates  have  been  purified.   In  particular,  conditions  facilitating 
the  4  -*■  6  acetyl  shift  in  the  preparation  of  3,6  diacetylatpd  intermediates 
have  been  significantly  improved. 

Significance  -  Heparin  dramatically  accelerates  the  interaction  of  an- 
tithrombin with  thrombin  thereby  neutralizing  the  serine  proteases  of  the  co- 
agulation cascade.   However,  only  a  small  fraction  of  heparin  molecules  have 
high  affinity  for  antithrombin  and  these  have  previously  been  indistinguish- 
able from  heparin  molecules  or  fragments  having  weak  affinity.   By  identify- 
ing a  new  structural  element  in  heparin,  these  studies  may  permit  a  complete 
description  of  the  antithrombin  binding  sequence  of  heparin  and  the  nature  of 
the  resulting  interaction.   Such  knowledge  may  lead  to  the  preparation  of 
more  convenient  and  effective  anticoagulants. 

In  a  separate  connection,  these  studies  take  on  added  interest  in  view 
of  the  recent  report  that  the  complete  resistance  of  certain  glycoprotein 
hormones  to  exoglycosidases  may  be  due  to  terminal  0-sulfated  hexosamines. 
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Proposed  Course  of  Project  - 

1.  The  chemical  aspects  of  the  study  will  be  concluded  and  the  purifi- 
cation and  study  of  the  enzyme  will  be  advanced. 

2.  Studies  aimed  at  establishing  whether  the  3-0  sulfate  group  is  not 
only  present  in  high  affinity  heparin,  but  plays  a  role  in  specific  binding 
to  antithrombin  will  be  continued. 

Publications : 

Leder,  I.  G. :   A  novel  3-0  sulfatase  from  human  urine  acting  on  methyl-2- 
deoxy-2-sulfamine-a-D-glucopyranoside  3-sulfate.   Biochem.  Biophys.  Res.. 
Comm.  94:  1183-1189  (1980). 

Lindahl,  U. ,  Backstrbm,  G.  Thunberg,  and  Leder,  I.  G.,  Evidence  for  a  3-0- 
sulfated  D-glucosamine  residue  in  the  antithrombin-binding  sequence  of  hepa- 
rin.  Proc.  Natl.  Acad.  Sci.  USA  77 :  6551-6555  (1980)- 

Meyer,  B. ,  Thunberg,  L. ,  Lindahl,  U. ,  Larm,  0.  and  Leder,  I.  G.,  The  anti- 
thrombin-binding sequence  of  heparin  studied  by  n.m.r.  spectroscopy.   Carbo- 
hydrate Res.  88:  C1-C4  (1981)- 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  has  been  demonstrated  that  the  initiation  and  cessation  of  DNA  synthesis 
in  response  to  anti -immunoglobulin  occurs  at  the  same  surface  membrane  site  and 
that  the  on  signal  is  independent  of  internalization  of  anti-immunoglobulin. 

The  lipid  A  moiety  of  lipopolysaccharide  induced  bone  marrovj  cells  to 
secrete  a  lymphokine  that  is  mitogenic  for  splenic  B  cells. 

A  differential  effect  of  vanadate  on  the  mitogenic  response  induced  by  T 
and  B  cell  mitogens  was  demonstrated.  Vanadate  may  provide  a  useful  probe  to 
study  the  mechanism  of  T  cell  activation. 
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Project  Description: 

Objectives  -  The  purpose  of  this  project  is  to  study  the  differentiation 
of  the  cells  involved  in  the  immune  response  with  regard  to  cell  types,  cell 
interactions  and  control  mechanisms.  During  this  report  period  the  experi- 
mental work  emphasized  was  as  follows:  (1)  a  study  of  the  mechanism  for 
signaling  initiation  and  termination  of  B  lymphocyte  proliferation  induced 
by  anti-immunoglobulin;  (2)  a  study  of  lymphokines  secreted  in  response  to 
the  lipid  A  moiety  of  lipopolysaccharide;  (3)  a  characterization  of  the  dif- 
ferential effect  of  vanadate  on  the  mitogenic  responses  induced  by  T  and  B 
cell  mitogens. 

Methods  Employed  -  Mitogenesis  was  assessed  either  by  [^HJ-thymidine 
incorporation  into  DNA  or  by   autoradiographic  analysis.  Immunofluorescence 
was  used  to  identify  cell  types.  Cells  were  separated  using  nylon  wool  and 
anti-immunoglobulin  coated  petri  plates. 

Major  Findings  -  In  continuation  of  our  studies  on  lymphoid  cell  activa- 
tion by  mitogenic  agents  we  have  investigated  the  mechanism  of  activation  by 
anti-immunoglobulin.  Consistent  with  several  parameters  which  define  the 
anti-immunoglobulin  activation  process  it  has  been  concluded  that  both  the 
initiation  and  cessation  of  DNA  synthesis  in  response  to  anti-immunoglobulin 
occurs  at  the  same  surface  membrane  site  and  that  the  on  signal  is  indepen- 
dent of  internalization  of  anti-immunoglobulin. 

In  earlier  studies  it  was  demonstrated  that  the  lipid  A  moiety  of  lipo- 
polysaccharide induced  bone  marrow  cells  to  secrete  proteins  other  than  im- 
munoglobulin. A  study  of  the  biological  activity  of  the  secreted  products 
revealed  a  novel  product  mitogenic  for  splenic  B  cells.  If  our  prelim- 
inary finding  that  B  cells  in  bone  marrow  are  the  source  of  the  mitogenic 
component  can  be  further  substantiated,  it  would  represent  the  first  report 
of  a  mitogenic  lymphokine  from  B  cells  which,  in  turn,  acts  upon  other  B 
cells. 

The  effect  of  sodium  orthovanadate  on  enhancement  of  DNA  synthesis  by 
T  and  B  cell  mitogenic  agents  was  studied  using  murine  thymocytes  and  spleno- 
cytes.  Addition  of  vanadate  to  thymocyte  cultures  inhibited  the  mitogenic 
response  by  concanavalin  A  in  a  dose  dependent  manner.  On  the  other  hand, 
DNA  synthesis  induced  in  thymocytes  by  pokeweed  lectin  and  periodate  treat- 
ment essentially  was  not  inhibited  at  the  lower  vanadate  concentrations  that 
were  markedly  effective  for  concanavalin  A  induced  synthesis.  Similarly, 
no  significant  inhibition  of  mitogenesis  of  splenic  B  cells  in  response  to 
lipopolysaccharide  and  dextran  was  detectable  at  lower  vanadate  concentra- 
tions. In  the  absence  of  added  mitogens,  vanadate  was  found  to  be  mitogenic 
for  a  subpopulation  of  thymus  cells  but  not  for  splenocytes  or  T  cell  en- 
riched splenocyte  populations.  These  results  suggest  that  the  interaction 
of  vanadate  with  T  and  B  cells  is  different  and  that  vanadate  may  be  a  useful 
probe  to  study  the  mechanism  of  T  cell  activation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute  - 
A  knowledge  of  the  control  mechanisms  involved  in  the  induction  of  im- 
munoglobulin production  will  have  vital  importance  not  only  in  understanding 
how  the  organism  reacts  to  foreign  antigens,  but  also  may  be  expected  to  af- 
fect significantly  the  approach  used  in  regard  to  a  number  of  immune  diseases 
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e.g.,  irmunodeficiency  diseases,  allergic  disease,  autoimmune  disease  and 
neoplastic  disease  of  lymphoid  cells.  An  understanding  of  the  activation 
of  lymphoid  cells  by  mitogenic  agents  like  lipid  A,  anti-immunoglobul in  and 
vanadate  has  direct  relevance  in  characterization  of  the  immune  response. 

Proposed  Course  of  Project  -  Cells  activated  by  anti-immunoglobul in  will 
be  purified  and  the  surface  membrane  components  labeled  so  as  to  isolate  both 
surface  immunoglobulin  and  the  component  to  which  it  is  attached.  The  latter 
will  then  be  characterized.  The  possible  correlation  between  surace  imnuno- 
globulin  activation  with  anti-immunoglobul in  and  surface  irmiunoglobulin  ac- 
tivation by  antigen  will  be  scrutinized  by  examining  the  various  kinetic 
parameters  that  are  known  to  define  activation  by  anti-immunoglobul in.  Pur- 
ified populations  derived  from  lymph  nodes  draining  antigen  injection  sites 
will  be  used.  T  cells  with  specificity  for  antigen  will  be  purified  free  of 
B  cells  and  the  activation  process  examined. 

Publ ications: 

Gregory,  S.  H.,  Zimmerman,  D.  H.,  and  Kern,  M. :  The  lipid  A  moiety  of 

1 ipopolysaccharide  is  specifically  bound  to  B  cell  subpopulations  of  respon- 

der  and  nonresponder  animals.  J.  Iirjnunol .  125:  102-107  (1980) 

Gregory,  S.  H.,  Zimmerman,  D.  H.,  and  Kern,  M. :  [^^sj^.L-jp-jd  a  binding  by 
individual  macrophage  cells:  Cell  purification,  culture  and  autoradiographic 
analysis  on  a  single  surface.  Anal.  Biochem.  107:  246-250  (1980) 

Gollapudi,  S.  V.  S.,  and  Kern,  M. :  Lipid  A  induces  cells,  uniquely  present 
in  bone  marrow,  to  secrete  proteins  other  than  immunoglobulins.  European  J. 
Biochem.  108:  233-237  (1981) 

Gollapudi,  S.  V.  S.,  Gregory,  S.  H.,  and  Kern,  M. :  New  Phenotypic  marker  for 
1 ipopolysaccharide  responsiveness.  Infect,  and  Immunity  29:  1202-1204  (1980) 

Gregory,  S.  H.  and  Kern,  M. :  Mitogenic  response  of  T  cell  subclasses  to  Aga- 
rose-linked  and  to  free  ribonucleotides.  Immunol .  42:  451-457  (1981) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Isozymes  of  hexokinase  in  Limulus  polyphemus  have  been  studied  and  compared  with 
those  of  other  invertebrates  and  vertebrates.  Limulus  has  three  distinct  hexo- 
kinases,  one  similar  to  our  recently  described  mannofructokinase  of  lobster,  but 
totally  lacking  in  the  ability  to  react  with  glucose.  In  addition  Limulus_ 
contains  two  sugar  dehydrogenases,  not  found  in  lobster,  capable  of  oxidizing 
various  sugars  without  requiring  prior  phosphorylation  by  ATP.  Isolation  and 
characterization  of  these  enzymes  is  being  pursued.  The  metabolism  of  glucose 
in  Limulus  and  its  conversion  to  glycogen  of  muscle  and  hepatopancreas  is  being 
studied  using  specifically  isotopically  labeled  glucose  and  glucose  precursors. 
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Project  Description: 

Objectives  -  To  gain  insight  into  the  occurrence  and  normal  functioning 
of  enzymes  of  carbohydrate  metabolism  in  the  hepatopancreas  and  muscles  of 
marine  invertebrates  and  to  compare  these  with  corresponding  enzymes  of  liver 
and  muscles  of  vertebrates. 

Methods  -  Enzyme  separations  from  tissue  homgenates  are  carried  out  by 
differential  centrifugations,  DEAE-cellulose  ion  exchange  chromatography, 
and  polyacrylamide  gel  electrophoresis.  Affinity  chromatography  using  sugar 
or  dinucleotide  analogs  as  ligands  on  sepharose  beads  are  used  for  further 
isolation  and  characterization  of  hexokinases  and  sugar  dehydrogenases. 
Kinetic  and  substrate  specificity  studies  are  done  by  spectrophotometric 
measurements  of  rates  of  appropriate  enzyme  catalyzed  reactions. 

Glucose  and  glucose  precursors,  specifically  labelled  with  ^^C   or  ^h, 
are  used  for  in  vivo  studies  of  glucose  utilization  and  glycogen  synthesis. 
Quantitative  levels  of  sugars,  sugar  phosphates  and  glycogen  are  measured  by 
standard  methods. 

Major  Findings  -  The  hepatopancreas  of  Limulus  polyphemus  contains  three 
major  hexokinase  isozymes,  two  of  which,  like  the  common  mammalian  isozymes 
I  and  II,  have  a  low  Km  for  glucose  and  a  high  Km  for  fructose.  The  third 
hexokinase,  a  mannofructokinase,  resembles  our  recently  described  lobster  en- 
zyme except  that  it  is  incapable  of  reacting  with  glucose.  Limulus  also  con- 
tains large  quantities  of  two  sugar  dehydrogenases  not  found  in  lobster,  one 
of  which  can  oxidize  glucose  and  xylose  (NADP  dependent)  and  the  other  fucose 
and  arabinose  (using  either  NAD  or  NADP).  Preliminary  findings  indicate  that 
both  the  hexokinases  and  sugar  dehydrogenases  occur  at  significantly  higher 
levels  in  fed  than  in  fasted  animals. 

The  glucose  of  Limulus  blood,  occurring  normally  at  levels  of  only  about 
3-5  mg%,  undergoes  rapid  metabolic  changes  and  utilization.  As  much  as  70% 
of  ^H  administered  on  C-6  of  glucose  is  excreted  as  3H2O  within  3  hours. 
Glucose  is  more  rapidly  and  extensively  incorporated  into  glycogen  of  mus- 
cle than  into  that  of  hepatopancreas,  indicative  of  the  relative  importance 
of  muscle  in  metabolic  turnover  in  Limulus. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
Any  knowledge  of  normal  metabolism  in  other  species  may  aid  in  understanding 
the  functioning  of  man  in  health  and  disease. 

Proposed  Course  of  Project 

1.  Isolation  and  characterization  of  the  sugar  dehydrogenases  of  Limu- 
lus will  be  pursued.  Since  these  enzymes  occur  at  much  high  levels  in  Limu- 
lus than  in  most  other  invertebrates  tested,  the  existence  of  an  initial 
non-phosphorylative  step  in  the  utilization  of  sugar  in  this  species  is  a 
possibility.  The  clam,  in  which  we  have  also  found  very  high  levels  of  sugar 
dehydrogenases,  will  be  a  future  source  for  the  study  of  these  enzymes. 

2.  A  study  of  the  occurrence  and  properties  of  hexokinase  isozymes  of 
a  variety  of  invertebrate  species  and  their  comparison  with  similar  enzymes 
in  marmals  will  be  continued. 
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3.  The  study  of  the  metabolism  of  glucose  in  Limulus  will  be  extended 
with  special  emphasis  on  getting  an  answer  to  the  question,  raised  by  Van 
Wee! ,  of  whether  or  not  the  so  called  "hepatopancreas"  of  arthropods  has 
true  liver  functions.  Additional  in  vivo  studies,  involving  isolation  of 
blood  glucose  and  tissue  glycogen,  will  be  carried  out  with  specifically 
labelled  glucose  and  lactate  and  the  relative  importance  of  the  oxidative 
and  the  glycolytic  pathways  of  metabolism  in  this  species  evaluated.  In 
vitro  studies  with  cellular  subfractions  of  the  hepatopancreas  will  be  used 
to  study  gluconogenesis. 

4.  Dr.  Paul  Goldsmith  has  developed  an  enzyme-linked  irmiunoassay  for 
human  IgE  which  he  is  using,  in  collaboration  with  others,  in  studying  the 
in  vitro  production  of  IgE  by  T  and  B  lymphocytes  of  patients  with  recurrent 
Candida  infections.  The  assay  is  further  being  adapted  for  the  determination 
of  human  IgE  antibodies  specific  for  antigens  of  a  filarial  parasite,  Brugei 
Mayali,  and  allergens  of  foods,  such  as  peanuts  and  shrimp. 

Publications: 

Goldsmith,  P.  K. :  Postnatal  development  of  some  membrane-bound  enzymes  of  rat 
liver  and  kidney.  Biochim.  Biophys.  Acta  672:  45-46,  (1981) 

Stetten,  M.  R.  and  Goldsmith,  P.  K. :  Two  hexokinases  of  Homarus  Americanus 
(lobster),  one  having  great  affinity  for  mannose  and  fructose  and  low  af- 
finity for  glucose.  Biochim.  Biophys.  Acta  657:  468-481,  (1981) 

Berger,  M. ,  Kirkpatrick,  C.  H.,  Goldsmith,  P.  K.  and  Gallin,  J,  I.:  IgE 
antibodies  to  Staphlococcus  A  ureus  and  Candida  Albicans  in  patients  with  the 
syndrome  of  Hyperimmunoglobul  in  E  and  recurrent  infections.  J_.  Immunology 
125:  2437-2443,  (1980) 
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The  LabJratory  of  Chemistry  in  1981  at  a  Glance 

In  its  seventy  sixth  year  of  existence  signs  of  senescence  are  not  easily 
detectable.  We  are  mildly  "mission-oriented"  but  this  fact  has  not  detracted 
frcn  progress  in  basic  science  and  new  concepts: 

In  particular,  the  mission  of  the  Section  on  Medicinal  Chemistry  has  inched 
closer  to  its  aims  by  translating  THE  TOTAL  SYNTHESIS  OF  MORPHIN  AND  OPIODS 
into  production  in  an  exploratory  pilot  plant  scale.  Novel  morphine  derivatives 
lacking  oxygen  functions  have  turned  out  to  surpass  the  strength  of  moirphium 
several  times. 

The  total  synthesis  of  NEUROTOXINS  FROM  SOUTHAMERICAN  FROGS,  their  optically 
active  form  and  their  antipodes,  is  accelerating  progress  on  the  nature  of 
the  ion  channel  associated  with  the  nicotinic  acetylcholine  receptor  and 
camensurate  binding  studies.   "Angel  Dust",  i_.e.  phencyclidine  and  its  analogs 
have  opened  up  new  vistas  for  the  role  of  potassium  in  the  central  nervous 
system  and  schizophrenia. 

So  far  the  only  -  tenuous  -  bridge  between  muscarinic  and  nicotinic 
receptors  is  the  natural  agonist  acetylcholine.  The  new  agonist  anatoxin-a 
from  a  fresh-water  alga  is  being  synthesized  by  a  novel  route.  Muscarinic         i 
agonists  are  converted  to  nicotinic  agonists  by  simple  modifications  in  order      \ 
to  satisfy  a  need  for  candidate  compounds  in  the  Clinical  Center  in  a  program 
on  OiS  effects  (sleep,  memory)  of  cholinergic  agonists. 

The  remarkably  selective  radiosensitizer  and  cytotoxin  activities  of 
nitroimidazoles  toward  cancer  cells  may  now  be  understood,  as  a  result  of 
the  discovery  of  novel  pathways  in  the  chemistry  of  these  compounds.  The 
potential  use  of  amino  acid  analogues  as  antileukemic  agents  has  been  advanced 
by  the  development  of  a  synthetic  route  to  2,4-difluorohistidine.  Our  novel 
approaches  to  chemotherapy  and  endocrine  control,  based  on  receptor  affinity 
labels,  are  now  closer  to  fruition  because  of  the  discovery  of  photochemical 
syntheses  of  trifluororoethylhistamine  and  -histidine. 

The  elusive  problem  of  congonrHtional  analysis  in  solution' has  been  solved, 
for  sane  ccnpounds,  by  use  of   F  NMR  spectroscopy. 

Ping-fluorinated  norepinephrines  show  striking  specificities  as  adrenergic 
agonists  and,  therefore,  have  achieved  widespread  use  as  valuable  pharmacological 
tools  in  a  number  of  laboratories,  as  well  as  our  own. 

The  change  in  glycoprotein  structure  during  biological  processes  by  the 
use  of  hybridama-inmunoglobulins  specific  for  saccharide  determinants  has  opened 
up  new  vistas  in  irmunology. 
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SBCTICN  ON  BIOCHEMICAL  MECHANISyiS 

Chemistry  of  Imidazoles 

Ring-trifluoranethylated  imidazoles  show  the  unique  property  of  losing 
hydrogen  fluoride  above  pH  8  to  form  itietastable  dif luorodiazaf ulvenes ,  which 
then  react  with  any  available  nucleophile  to  form  new  covalent  bonds.  Such 
intermediates,  derived  from  trifluoromethylhistamine  or  histidine,  may  be 
able  to  serve  as  covalent  affinity  labels  for  specific  binding  sites,  both 
in  vitro  and  in  vivo.   It  would  be  desirable,  therefore,  to  have  available  a 
series  of  trifluoromethylanalogues  with  a  range  of  reactivities,  and  to  be 
able  to  correlate  reactivity  with  seme  substituent  parameter.  Our  discovery 
of  a  simple  photochemical  method  for  the  trifluoromethylation  of  imidazoles 
has  made  available  a  large  series  of  analogues  for  study.  Vte  have  now  found 
that  the  reactivities  of  some  members  of  the  group  can  be  correlated  with  the 
acidity  of  the  ring  NH  function,  that  4-trifluoromethylimidazoles  are  more 
reactive  than  the  2-iscmers,  and  that  reactivity  is  increased  even  fiirther 
by  the  special  electronic  effects  of  certain  si±)Stituents  (capable  of  hyper- 
conjugation  or  back-bonding) .  Thus,  it  should  be  possible  to  select  a  histamine 
or  histidine  analogue  which  will  generate  the  metastable  fulvene  under  specified 
biological  conditions.   In  collaboration  with  M.  Friedkin  (Weizmann  Institute) , 
polypeptide  hormones  are  being  synthesized  with  trifluorcmethylhistidines  in 
place  of  histidine;  efforts  will  be  made  to  achieve  irreversible  binding  of 
these  hormone  analogues  to  their  respective  receptors  [L.  A.  Cohen,  H.  Kimoto, 
S.  Cohen,  M.  Friedkin] . 

The  photochemical  trifluoromethylation  of  N-acetylhistidine  methyl  ester 
produced  a  byproduct,  in  20%  yield,  which  proved  to  be  the  a-trifluoromethyl 
derivative.   Such  analogues  of  amino  acids  have  been  studied  extensively  as 
suicide  substrates  and  irreversible  inhibitors  of  amino  acid  decarboxylases. 
Previous  methods  of  synthesis  have  been  quite  involved  and  our  observation 
paves  the  way  for  a  new,  one-step  synthesis  of  such  analogues.  Furthermore, 
the  photochanical  method  should  be  applicable  to  amino  acids  of  any  degree  of 
functionality,  which  has  not  been  the  case  to  date  [L.  A.  Cohen,  H.  Kimoto] . 

Our  new  synthesis  of  2 -nitro imidazoles,  based  on  the  reaction  of  a  2- 
carbanion  with  propyl  nitrate,  has  been  extended  to  include  2-nitroimidazole- 
4-methanol.  With  such  functionality  available  at  C-4,  the  synthe^s  of  2-nitro- 
histamine  and  histidine  should  now  be  possible  and  are  being  pursued.  The 
success  of  the  synthesis  has  proved  to  be  highly  dependent  on  the  nature  of 
the  blocking  group  used  for  the  imidazole-ring  nitrogen  atom.  While  the 
triphenylmethyl  group  is  quite  effective,  the  methyl  or  methoxymethyl  blocking 
groups  do  not  lead  to  nitroimidazoles  at  all  but  to  imidazolyl  radicals  which 
dimerize.  A  similar  phenomenon  was  observed  in  our  studies  of  the  cytotoxic 
effect  mechanism.  In  the  reaction  of  l-methyl-2-nitroimidazole  with  thiols, 
the  nitro  group  is  first  reduced  to  an  anion  radical.  The  latter  species  de- 
carposes  spontaneously  with  loss  of  nitrite  ion  and  formation  of  an  imidazolyl 
radical,  which  also  dimerizes.  We  are  now  investigating  the  possibility  that 
the  generation  of  such  radicals  on  the  cell  surface  can  result  in  alkylation  of 
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protein  or  nucleic  acid  and,  thus,  interfere  with  metabolic  activities  such  as     ^ 
cell  division  [L.  A.  Cohen,  K.  L.  Kirk,  C.  Rav-Acha] .  ^ 

2-Fluoro-L-histidine  shows  significant  activity  as  an  antileukemic  agent, 
blocking  the  overproduction  of  leukocytes  in  mice  with  viral  leukemia.  Since 
the  first  netabolite  of  fluorohistidine,  2-fluorourocanic  acid,  ^vas  found  to 
be  a  powerful  inhibitor  of  urocanase,  we  have  speculated  that  the  antileukemic 
effect  may  involve  a  block  of  the  utilization  of  histidine  as  a  one-carbon 
source  for  purine  biosynthesis  or  for  cell  division.  Further  investigation 
required  the  preparation  o^  sxzeable  quantities  of  2-fluorourocanic  acid,  which 
compound  could  not  be  obtained  by  a  variety  of  synthetic  methods.  We  have  now 
found  a  simple  reductive  method  for  the  conversion  of  2-arylazourocanic  acid 
to  2-aminourocanic  acid,  the  precursor  of  the  desired  corpound.  Efforts  to  prepare 
quantities  of  2-fluorourocanic  acid  and  its  derivatives  are  in  progress  [L .  A. 
Cohen,  K.  L.  Kirk,  K.  Takahashi,  0.  Olubajo] . 

2-Fluoro-L-histidine  shows  a  broad  range  of  biological  activities,  while 
the  4-fluoro  isccier  is  essentially  inactive.   Since  the  fluorine  atan  should  be 
quite  small  in  either  position,  enzymes  should  not  be  capable  of  rejecting  one 
isoner  on  the  basis  of  steric  size.  On  the  other  hand,  4-fluorohistidine  has 
the  potential  for  forming  an  intramolecular  hydrogen  bond  to  fluorine,  while 
the  2-fluoro  isomer  does  not;  thus,  the  isaners  may  differ  in  solution  conform- 
ation. Furthenxire,  pK,  (imidazole-NH^N  )  for  2-fluorohistidine  is  almost  2 
units  lower  than  for  4-r luorohistidine ,  and  the  anion  of  the  former  ccnpound  may 
be  the  biologically  active  species.  We  felt  that  the  biological  studies  of  the 
2,4-difluoro  isomer,  which  contains  the  features  of  both  iscmers,  should  help 
clarify  the  question  of  biological  differentiation.  Efforts  to  prepare  i 

2 , 4-dif luoroimidazoles  have  been  in  progress  for  several  years,  but  each  * 

^proach  proved  unrewarding  since  every  attempt  to  introduce  the  second  fluorine 
atan  resulted  in  hydrolytic  or  reductive  loss  of  the  first.  Recently,  we 
discovered  that  2-amino-4-f luoroimidazoles  can  be  obtained  by  hydrosulfite 
reduction  of  the  corresponding  2-arylazo-4-f luoroimidazoles.  Photochemical 
conversion  of  the  amino  group  to  fluorine  has  been  successful  and  an  intensive 
effort  is  new  underway  to  prepare  2 , 4-dif  luorohistidine  [L.  A.  Cohen,  K.  L.  Kirk, 
K.  Takahashi] . 

Studies  have  continued  on  the  electronic  properties  of" the  imidazole  ring. 
The  base-catalyzed  exchange  of  the  5-methyl  protons  in  l,5-dimethyl-4-nitro- 
imidazole  proved  to  be  only  27-fold  slower  than  exchange  in  nitromethane  but 
4.8  X  10  faster  than  in  o-nitrotoluene .  Such  data  strongly  support  our  belief 
that  the  4,5-double  bond  in  imidazole  is  much  more  olefinic  than  aromatic  in 
character.  Furthermore,  the  imidazole  ring  sorietimes  seons  to  react  prefer- 
entially as  its  nonaronatic   (or  ketimine)  tautomer  (B)  ,  Thus,  5-methylimidazole, 
histamine,  and  histidine  undergo  base-catalyzed  exchange  at  C-4  much  faster 
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than  tJieir  non-tautomerizable  N-methyl  counterparts.  Recent  studies  on  the 
irechanism  of  action  of  urocanase  also  suggest  the  ketimine  tautomer  to  be  the 
reactive  species.  We  attribute  this  phenomenon  to  the  principle  that  alkyl 
hyperconjugation  should  stabilize  the  C=N  function  more  effectively  than  it 
stabilizes  the  C=C  function.  A  similar  explanation  can  be  invoked  for  alkyl 
acceleration  in  the  conversion  of  trifluoromethylimidazoles  to  their  difluoro- 
diazafulvenes  [L.  A.  Cohen,  C.  Rav-Acha] . 

Stereopopulation  Control  and  Models  for  Enzyme  Action 

Synthesis  and  NMR  studies  have  been  continued  with  the  peri -naphthalene 
system  described  in  the  previous  report.  The  2-fluoroanalog  (C)  has  been 
synthesized  and  subjected  to  low  temperature  NMR  analysis.  Long-range  coupling 
between  the  fluorine  aton  and  the  side-chain  methyl  groups  provides  a  useful 
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diagnostic  tool  in  conformational  studies.  The  results  show  that  at  -20°C,  one 
methyl  group  is  coupled  to  fluorine  and  the  other  is  not;  consequently,  D 
should  be  the  most  favorable  rotamer  for  this  system,  in  agreement  with  our 
conclusions  for  the  nonfluorinated  analogue.  Computer  calculations  predict  the 
same  rotamer  to  have  the  lowest  internal  energy  and  also  predict  a  high  barrier 
to  free  rotation  past  the  8-methoxyl  group.  If  the  fluorine  atoms  at  C-2  were 
replaced  by  an  amino  group,  lactam  formation  with  the  ester  function  should  not 
occur  because  the  D  conformation  would  have  to  be  rotated  150°  into  a  very  crowded 
arrangement;  synthesis  of  the  requisite  amino  analogue  is  in  progress  [M.  Channing, 
L.  A.  Cohen] . 

A  series  of  phenolic  acids  (E)  has  been  synthesized  with  five  sizes  of 
X,  ranging  from  H  to  Br.  The  values  of  log  k  for  acid-catalyzed  lactonization 
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v^e  found  to  vary  lii^early  with  the  NMR  5  values  for  the  inethyl  groups  in  the 
SSes^ing  iSones  (F) ,  and  both  paran^ters  were  found  to  vary  inversely 
with   the  length  of  the  C-X  bond.  Thus,  the  progressive  increase  in  rate  of 
SSiSii.  Sth  increasing  size  of  X  can  te  ascribed  to  van  der  Waals  repulsion 
tetween  X  and  the  side-chain  methyl  groups.  Such  repulsion  restricts  the 
ccnformtional  freedon  of  the  side  chain  and  brings  it  progressively  closer  to 
the  transition  state  for  cyclization  [M.  King,  L.  A.  Cohen]  . 

Chanistry  and  Biology  of  Fluorinated  Biogenic  Amines 

Fluorinated  norepinephrines  (FNE)  by  virtue  of  their  striJ^ing  adrenergic 
aconists^lfSities  and  because  of  their  structural  simxlarities  to  NE,  have 
SS^t^^  useful  pharrr^acological  agents.  For  example,  a-adrenergic  receptor 
Mediated  activation  of  cyclic-AMP  systems  and  their  interactions  with  S- 
adrenergic  sensitive,  adenosine  sensitive,  and  histamine  sensitive  cyclic-AMP 
systen^  were  surveyed  in  eight  rat  brain  regions,  using  6-FNE  as  a  pure  a- 
adrenergic  agonist  and  2-FNE  as  a  pure  B-adrenergic  agonist.  The  results 
indicate  that  the  interactive  control  of  cyclic-AMP  generating  systems  by 
a-adrenergic,  3-adrenergic,  adenosine  and  histamine  receptors  differs 
significantly  among  rat  brain  regions.   In  another  study,  the  potencies  of  t-JE 
and  FNE- s  toward  stijnulation  of  cyclic-AMP  and  binding  to  6-adrenergic  receptors 
in  intact  pinealocytes  was  investigated.  In  agonist  potency  and  binding 
efficacy,  the  rank  order  of  effectiveness  was  found  to  be  5-Frffi  >  NE  >  2-FNE  > 
6-FNE.  A  number  of  other  projects  are  in  progress  [J.   Daly,  C-  R.  Crevelmg, 
W.  Padgett,  D.  Klein,  K.  L.  Kirk]. 

Exploration  of  the  mechanism  of  a  fluorine  induced  adrenergic  agonist 
specificities  has  continued.  Further  study  of  the  adrenergic  agonist  properties 
of  flixsrinated  isoproterenols  (FISO)  demonstrated  that  2-FISO,  5-FISO,  and  ISO 
were  essentially  equipotent  as  "^-adrenergic  agonists  (guinea  pig  atria) 
with  6-FISO  was  inactive.  None  of  the  compounds  had  measurable  a-adrenergic 
activity  (guinea  pig  aorta) .  To  study  the  effects  of  fluorine  substitution  on 
an  a-adrenergic  agoinst,  2-  and  6-fluorophenylephrine  (FPE)  were  prepared.  PE 
and  6-FPE  were  equipotent  as  a-adrenergic  agonists  (guinea  pig  aorta) ,  2-FPE  was 
inactive,  and  none  of  the  compounds  showed  ^-adrenergic  activity  (guinea  pig 
atria)  .  The  results  with  FISO  and  FPE  demonstrate  the  negative  effect  of 
fluorine  on  adrenergic  agonist  activities,  i.e.  fluorine  in  the  2-position 
consistently  abolishes  a-adrenergic  activity  but  does  not  increase  3-adrenergic 
activity,  wliile  fluorine  in  the  6-position  blocks  6-adrenergic  agonist  activity 
but  does  not  restore  a-adrenergic  activity.  The  FPE  results  have  added  signi- 
ficance that  these  analogs  represent  the  first  raonophenolic  system  studied 
ID.  Cantacuzene,  0.  Olubajo,  B.  Collins,  C.  R.  Creveling  and  K.  L.  Kirk]. 

The  effects  of  fluorine  substitution  on  the  adrenergic  agonist  specificities 
of  NE,  ISO,  and  PE  are  not  readily  explained  by  existing  models  of  the  receptor- 
substrate  canplex  \vhich  have  been  constructed  fron  structure-activity  relation- 
ships derived  from  numerous  a-  and  B-adrenergic  agonists  and  antagonists.   Intra- 
nnlecular  hydrogen  bonding  of  the  benzyl ic  hydroxy 1  group  to  an   ortho  situated 
fluorine  has  haeen  advanced  as  an  explanation  of  the  essentially  equal  and  opposite 
effects  of  fluorine  substituted  at  the  2-  or  6-position.  Alternatively, 
inhibition  of  hydrogen  bonding  to  the  I'-electrons  of  the  aromatic  ring  by 
the  benzylic  hydroxyl,  or,  more  likely,  by  a  hydrogen  bond  donor  on  the  receptor 
fjrotein,  must  be  considered.  Several  additional  conpounds  are  being  synthesized 
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SECTION  aS[  CARBOHYDRATES 

The  Continued  Study  of  the  Interaction  Between  Moncxilonal  Immunoglobulins 
and  Their  Antigens 

Thermodynamic  mapping  of  the  cotibining  site  of  IgA  J539  has  shown 
that  the  second  galactosyl  residue  of  galactans  (when  binding)  is  projected 
away  from  the  protein  towards  the  solvent. 

TvvO  deoxy-fluoro  methyl- 3 -D-galactosides  have  been  synthesized  and  measure- 
itent  of  their  affinity  with  IgA~J539  have  shown  that  the  2-positian  probably 
hydrogen  bonds  to  the  protein  and  probably  involves  asparagine  58  of  the 
H-chain. 

Studies  on  the  Antigenic  Determinants  of  Cryptococcal  Polysaccharides 

Serotype  A  upon  aging  has  been  found  to  be  separable  into  two  clones.  These 
were  grown  up  and  their  capsular  polysaccharides  isolated  and  the  structures 
were  determined.   It  was  found  that  one  polysaccharide  had  a  structure  closely 
resembling  the  one  obtained  (from  a  serotype  A)  by  workers  in  South  Africa 
(Merrifield  &  Stephen)  while  the  other  polysaccharide  was  similar  to  the  one 
fron  serotype  D  which  our  group  published  before.  Dr.  Bennett  (NIAID)  has 
previously  shown  that  isolates  fron  serotype  A  and  D  can  show  a  variety  of 
type-specificities  and  that  these  can  form  a  continuous  spectrum  going  from 
"true"  A  to  "true"  D.  Thus,  detailed  chonical  analysis  of  the  antigenic 
determinatns  have  certainly  confirmed  this. 

The  Establishment  of  a  Library  of  Monoclonal  Immunoglobulins  Having  Specificity 
for  Oligosaccharide  Determinants  of  Glycoproteins 

In  order  to  (eventually)  probe  changes  in  glycoprotein  structure  in 
biological  processes,  we  have  begun  a  program  to  obtain  monoclonal  immunoglobulins 
to  saccharide-determinants  in  glycoproteins.  We  are  synthesizing  di-saccharide 
determinants  for  attachment  to  proteins  for  use  as  iinmunogens  as  probes  in 
hybridoma  work. 

To  date  the  following  ones  have  been  prepared: 

3-D-Gal  1^4   3-D-G1cNAc-0-/oVnHCOCF 


3-D-GlcNAc  l->2-a-DHyian-0-<^ 


NO 


i-L-Fuc  1^6   3-D-GlcNAc-O-  (q)  -NHCOCF, 
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MEDICINAL  CHEMISTRY  | 

1.  Chemical-Biological  Features  of  Colchicine  and  Congeners: 

Further  progress  in  this  field  was  made  with  a  partial  synthesis  of  colchifo- 
line  and  cornigerine.   The  latter  was  obtained  from  2,3-didemethylcolchicine  by 
methylenation  and  proved  to  be  identical  with  the  natural  alkaloid,  for  which 
the  isomeric  structure  of  a  1, 2-didemethyl-l, 2-methylenedioxy  substituted  colchicine 
was  originally  assigned.   A  rather  detailed  investigation  regarding  structure- 
activity-relationship  in  this  series  was  carried  out  with  30  different  analogs  and 
derivatives  of  the  natural  alkaloid  including  in  vitro  and  j^  vivo  assay  systems. 
Good  binding  to  tubulin  protein  and  good  activity  in  the  P388  lymphocytic  leukemia 
screen  were  only  manifested  by  N-acylated  compounds,  these  were  unfortunately  also 
the  most  toxic  ones.   Further  variation  of  the  N-acyl  group  has  been  carried  at 
the  Istituto  di  Sanita  in  Rome,  and  will  continue  here  in  the  3-demethylcolchicine 
series.   Reports  that  compounds  lacking  the  acetamido  side  chain  were  considerably 
more  active  ±n   vitro  could  be  substantiated,  but  these  compounds  are  practically 
inactive  ±n   vivo.   The  lesser  activities  of  (+) -colchicine,  the  unnatural  enantiomer 
of  colchicine  in  all  the  assay  systems  tested,  suggests  that  an  N-acylamido  side 
chain  of  proper  chirality  is  important  for  the  noted  in  vivo  activity  of  compounds 
belonging  to  this  series.   (M.  RBsner,  A.  E.  Jacobson,  L.  Atwell,  C.  F.  Chignell, 
A.  Brossi) . 

2.  Perhydrohistrionicotoxins  and  Congeners: 

Perhydrohistrionicotoxin  (H  „-HTX)  is  derived  from  histrionicotoxin,  isolated   i 
from  skins  of  frogs,  by  complete  hydrogenatation  of  the  two  eneyne  side  chains.      | 
Both  compounds  are  important  biochemical  tools  for  studying  neurophysiological 
responses  related  to  the  nicotinic  acetylcholine  receptor.   Optically  active  H  „- 
HTX,  identical  with  naturally  derived  material,  has  for  the  first  time  been  obtained 
by  total  synthesis.   Substantial  quantities  of  natural,  unnatural  and  rac.H^„-HTX 
have  been  prepared,  following  in  principle  chemistry  which  was  developed  by  Kishi 
and  Speckamp.   In  the  course  of  our  investigation  we  found  that  (+)-2-desamylper- 
hydrohistrionicotoxin,  lacking  the  2-n-amyl  side  chain,  was  similarly  active  in 
vitro  as  the  naturally  derived  alkaloid.   The  2-desamyl  compound  was  also  prepared 
in  the  form  of  both  optically  active  isomers.   Some  salts  of  these  toxins  have  un- 
usual solubility  properties.   A  single  crystal  X-ray  structure  of  the  hydrobromide 
of  the  racemic  2-desamyl  compound  showed  strong  intramolecular  hydrogen  bonding 
which  may  in  part  be  responsible  for  the  observed  unusual  behavior.   A  detailed 
structure-activity  study  focusing  on  the  2-desamyl  series  has  jiist  been  completed. 
So  far  only  amino  alcohols  show  good  in   vitro  activity,  which  disappears  upon  N- 
acylation.   The  biological  part  carried  out  in  Prof.  Albuquerque's  Laboratory,  is 
not  yet  completed.   2-Desamylperhydrohistrionicotoxin  has  diuretic  properties,  and 
showed  an  inhibition  of  carboanhydrase.   The  compound  was  not  very  toxic  in  mice 
suggesting  an  LD    >  100  mg/kg  after  s.c.  application.   The  term  toxin  might  there- 
fore be  a  misnomir.  (K.  Takahashi,  A.  E.  Jacobson,  P.  Mak,  A.  Brossi  and  B.  Witkop) 

3.  Progress  Towards  a  Synthesis  of  Anatoxin-a: 

Anatoxin-a,  a  substance  from  the  blue  algae  seems  to  be  a  real  agonist  of  the 
nicotinic  acetylcholine  receptor.   From  the  two  syntheses  reported  only  the  one  by 
Edwards  has  been  completed.   This  synthesis,  starting  from  cocaine,  is  lengthy  and  J 
low  yielding.   We  have  completed  preliminary  investigations  suggesting  that  3,5-    * 
diketopyrrolizidine,  prepared  by  Sorm  and  coworkers  from  3-ketopimelic  acid  via 
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3-aiiiinopimelic  acid  lactam,  might  offer  a  new  route  to  anatoxin  and  congeners  and 
to  3,5-disubstituted  pyrrolizidines  as  well. 

Reduction  of  the  dilactam  with  LAH  at  low  temperature  afforded  a  carbinolamide 
which  reacted  with  acetoacetic  acid  at  pH  3  to  afford  a  mixture  of  two  5-acetonyl- 
pyrrolizidin-3-ones  together  with  a  ring  open  unsaturated  lactam.   Separation  of 
the  bicyclic  ketolactams  was  achieved  at  the  stage  of  the  dithioketals,  and  cycli- 
zation  of  the  ring  open  unsaturated  lactam  with  acid  afforded  only  one  of  the  two 
diketones.   These  observations  together  with  data  from  single  X-ray  crystallographic 
studies,  will  finally  settle  the  sterochemistry  of  the  two  5-acetonylpyrrolizidin- 
3-ones.   This  is  of  utmost  importance  for  accomplishing  a  synthesis  of  anatoxin-a. 

Reductive  desulfurization  of  the  two  dithioketals  afforded  two  isomeric  lactams 
which  could  be  converted  into  two  isomeric  3-n-propylpyrrolizidines.   The  stereo- 
chemistry of  one  of  the  two  pyrrolizidines  can  hopefully  be  settled  by  single 
crystal  X-ray  analysis  of  an  appropriate  salt.   The  3-alkylated  pyrrolizidine-5-ones 
are  interesting  intermediates  to  prepare  analogs  of  substances  recently  found  in 
thief  ants.   (P.  Buchs,  A.  Brossi  and  B.  Witkop) . 

4.   Conversion  of  Dihydromorphine  ro  4-hydroxy-6-ketomorphinan  and  the  ether 
opioids : 

A  series  of  compounds,  based  on  4-methoxy-6-ketomorphinan,  and  on  4-methoxy- 
morphinan  were  synthesized  and  biologically  evaluated  for  their  antinociceptive 
activity,  and  their  binding  affinity  to  the  opiate  receptor  was  determined.   It  was 
apparent  from  our  former  data  on  receptor  binding  affinity  that  oxygen  atoms  on 
the  aromatic  ring,  or  on  the  C-ring,  were  unnecessary  for  binding  to  the  opiate 
receptor.   3,6-Dideoxydihydromorphine  (1)  has  ca.  one- third  the  binding  affinity 
of  morphine  for  the  receptor.   The  affinity  the  compound  displayed,  however,  was 
remarkable  in  that  the  phenolic  hydroxyl  might  have  been,  a  priori,  considered  to 
be  critical  for  the  binding.   Although  the  phenolic  hydroxyl  group  can  now  be  said 
to  aid  in  the  binding  of  the  antinociceptive  drug  to  a  receptor,  it  is  not  critical 
to  that  event.   The  4-methoxy-N-methylmorphinan-6-one  (2)  has  the  same  relative 
affinity  to  the  presumed  receptor  as  does  1,    when  compared  with  the  binding 
affinity  of  morphine.   Phenolic  ethers,  generally,  bind  with  much  less  affinity 
than  phenols  of  comparable  structures.   Most  bind  so  poorly  that  metabolism  must 
be  invoked  to  explain  their  in  vivo  activity  (e.  g.  codeine  is  manyfold  more 
potent  as  an  analgesic  than  could  be  assumed  by  its  in  vitro  binding  affinity. 
Thus,  to  rationalize  its  quite  evident  potency  in  vivo  codeine  can  be  said  to  be 
transported  with  greater  facility  than  morphine  to  brain  receptor  sites,  and 
metabolically  cleaved  to  morphine,  the  active  molecular  species).   Although  similar 
arguments  can  be  used  with  any  phenolic  ether  it  is  not  necessary  to  do  so  with 
2_.   The  in  vivo  activity  of  2   can  be  rationalized  simply  by  facile  transport,  in 
"comparison  with  the  comparable  phenol,  to  the  receptor  sites.   Metabolism  probably 
need  not  be  invoked  to  explain  the  in  vivo  potency  of  2   as  an  antinociceptive. 
CH.  Schmidhammer,  F.-L.  Hsu,  L.  Atwell,  A.  E.  Jacobson,  A.  Brossi) 

5.   Biological  Testing  for  Antinociceptive  Activity,  Acute  Toxicity  and  Dependence 
Liability: 

Varous  mouse  assay  procedures  are  utilized  for  initial  exploration  of  the 
analgesic  potential  of  molecules.   This  information  is  necessary  to  determine  a 
starting  point  for  their  further  investigation,  at  the  Medical  College  of  Virginia 
and  the  University  of  Michigan.   Thus,  compounds  which  are  of  interest  are  examined, 
under  the  auspices  of  the  Committee  on  Problems  of  Drug  Dependence,  Inc.,  In  four 
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rodent  antinociceptive  assays,  in  a  rodent  assay  for  narcotic  antagonist  activity,  4 
and  in  a  series  of  tests  in  the  rhesus  monkey.   These  are  single  dose  suppression    \ 
studies,  precipitated  withdrawal,  primary  dependence  capacity,  self-administration 
and  drug  discrimination.   The  first  four  rhesus  monkey  studies  listed  are  used  to 
determine  the  dependence  liability  of  a  drug,  as  compared  with  morphine.   The  last 
test,  drug  discrimination,  is  used  to  attempt  to  differentiate  between  compounds 
which  are  more,  or  less,  likely  to  produce  patterns  of  drug  abuse  in  man.   The 
binding  affinity  of  these  compounds  to  the  opiate  receptors  in  rat  brain  homogenates, 
electrically  stimulated  guinea  pig  ileum  and  mouse  vas  deferens,  is  also  determined. 
These  data  provide  objective  information  about  the  pharmacological  action  and 
possible  side-effects  of  potential  analgesics  before  human  clinical  studies  are 
undertaken. 

Some  of  the  compounds  of  practical  and/or  theoretical  interest  which  were 
examined  were  zoraepirac,  an  antiinflammatory  analgesic  with  morphine-like  efficacy, 
and  THC-like  compounds  useful  as  anti-nauseants  for  cancer  patients.   Also,  the 
homobenzomorphan  group  of  analgesics  were  examined  and  some  of  them  were  found  to 
have  PCP-like  activity.   (A.  E.  Jacobson,  L.  Atwell) 

6.  Synthesis  and  Pharmacology  of  Irreversible  Inhibitors  and  Other  Neuropharma- 
cological  Probes  of  the  Benzodiazepine  Receptors. 

Work  is  continuing  to  further  elucidate  the  mechanisms  through  which  benzo- 
diazepines elicit  anxiolytic,  anticonvulsant  and  muscle  relaxant  effects  after 
interaction  with  the  high  affinity  receptors  present  in  the  CNS.   Two  alkylating 
benzodiazepines  we  demonstrated  earlier  to  be  irreversible  inhibitors  of  one  type 
of  a  heterogenous  population  of  benzodiazepine  receptors  in  vitro  have  now  been     | 
shown  to  afford  long  lasting  anticonvulsant  effects  in  vivo,  probably  by  covalent 
bonding  to  a  functional  group  at  the  active  site  of  the  receptor.   An  antagonist  of 
the  anxiolytic  and  anticonvulsant  effects  of  Diazepam  has  been  identified  as  3- 
hydroxymethyl-6-carboline.   Structural  activity  relations  for  binding  of  g-carbo- 
lines  to  the  benzodiazepine  receptors  have  been  developed.   The  enantiomers  of 
5-(l, 3-dimethylbutyl)-5-ethyI  barbituric  acid,  one  of  which  is  a  convulsant  while 
the  other  is  a  sedative,  have  been  synthesized  by  a  route  which  afforded  optically 
pure  material  of  known  absolute  configuration.   The  involvement  of  the  benzodiaze- 
pine receptors  in  the  mechanisms  which  produce  the  diverse  effects  of  these  two 
enantiomers  is  under  study.  (K.  C.  Rice). 

7 .  Probes  for  Study  of  the  Mechanism  of  Action  of  Phencyclidine  and  the  Tricyclic 
Antidepressants. 

The  enantiomers  of  l-(l-phenylcyclohexyl)-3-methylpiperdine  (PCMP) ,  a  close 
relative  of  the  achiral  phencyclidine  (PCP) ,  have  been  synthesized  in  a  state  of 
optical  purity  by  a  route  which  defined  the  absolute  configuration  of  these  com- 
pounds.  The  (+)-isomer  proved  to  be  5-15  times  more  potent  in  several  biological 
systems  examined  and  electrophysiological  investigations  indicate  adrenergic  input 
appears  to  be  involved  in  PCP  induced  changes  in  pyramidal  neuron  discharge. 

3 
The  first  irreversible  inhibitors  of  the  high  affinity  binding  of  [  H]-imipra- 
mine  to  sites  present  in  brain  and  platelets  has  been  synthesized  by  direct 
nitration  of  imipramine  which  afforded  the  2  and  4-nitro  derivatives  in  a  ratio 
of   _5:1.   The  2-nitro  derivative  proved  to  be  an  effective  irreversible  inhibitor  i 
of  [  H]-imipramine  binding  and  serotonin  uptake  without  altering  uptake  of  dopa-     ' 
mine  or  norepinephrine  suggesting  a  functional  relationship  between  the  mechanism 
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of  action  of  tricyclic  antidepressants  and  the  serotonin  uptake  site.   The  isomeric 
4-nitro  derivative  was  much  less  active  in  these  tests  indicating  structural  specifi- 
city in  this  system.   Although  the  mechanism  of  this  irreversible  inhibition  is  not 
clear,  it  does  not  appear  to  involve  a  photochemical  reaction.   It  does  however, 
appear  quite  likely  that  2-nitroimipramine  will  prove  to  be  a  valuable  tool  for  isola- 
tion and  purification  of  the  imipramine  binding  site.   (K.  C.  Rice) 

8.   Opioid  Total  Synthesis: 

A  practical  total  synthesis  of  (-)-dihydrothebainone,  (-)-dihydrocodeinone 
and  (-)-nordihydrocodeinone  has  now  been  developed,  which  in  view  of  existing 
methods  potentially  renders  production  codeine  and  other  medical  opiates  possible 
by  total  synthesis.   This  capability  could  in  principle,  finally  eliminate  the 
hitherto  total  dependence  of  this  country  on  foreign  sources  of  opium,  a  strategic 
material  and  the  traditonal  raw  material  for  production  of  medical  opiates.   Such 
a  capability  would  be  quite  desirable  since  supplies  of  opium  continue  to  be  subject 
to  a  plethora  of  factors  including  economic  and  political  considerations  as  well 
as  weather  conditions.   The  route  utilized  unprotected  phenolic  intermediates 
throughout,  employs  Grewe-type  cyclization  to  form  the  morphinan  carbon-nitrogen 
skeleton  and  optionally  provides  access  to  either  the  N-methyl  or  N-nor  series. 
Work  is  continuing  in  this  area  and  data  currently  available  indicate  the  overall 
yield  of  natural  codeine,  morphine  and  thebaine  from  m-methoxyphenethylamine  will 
be  10-30%  with  only  5-7  isolated  intermediates.   This  route  is  equally  amenable 
to  synthesis  of  (+)-opioids  of  unnatural  absolute  configuration  and  is  now  in 
progress  elsewhere  with  the  goal  of  preparing  large  amounts  of  (+) -morphine  and 
(+)-naloxone  as  research  tools.   (K.  C.  Rice) 

Impressive  progress  has  also  been  made  in  the  related  3-deoxymorphine  series. 
The  first  total  synthesis  of  racemic  3-deoxy-7,8-dihydromorphine  has  been  published 
and  the  synthetic  route  utilized  has  provided  a  number  of  3-deoxyiiiorphine  deriva- 
tives which  continue  to  increase  in  importance  due  to  the  totally  unexpected 
pharmacological  profiles  observed  in  this  series.   Certain  of  these  compounds  have 
much  higher  affinity  for  the  opiate  receptor  and  in  vivo  activity  than  would  be 
expected  for  nonphenolic  materials  such  as  these.   In  addition  to  being  of  theoretical 
importance  as  research  tools  to  further  probe  the  nature  and  function  of  the  opiate 
receptor,  this  series  may  well  afford  improved  analgesic  and/or  antitussive  drugs. 
The  synthetic  route  utilized,  conveniently  proceeds  through  a  1-benzyl-l, 2,3,4- 
tetrahydroisoquinoline  which  after  resolution  and  suitable  transformation  will 
provide  either  enantiomer  in  the  3-deoxy  series.   Synthesis  of  both  enantiomers 
of  selected  compounds  and  pharmacological  evaluation  in  a  number  of  in  vitro  and 
in  vivo  systems  are  planned.   Important  synthetic  aspects  in  this  area  include 
elucitation  of  the  structure  of  the  monobromination  product  of  (-)-4-hydroxy-N- 
methylmorphinan-6-one  as  the  1-bromo  derivative  by  NMR  (confirmed  by  single  crystal 
X-Ray  analysis)  and  discovery  of  a  novel  oxide  bridge  closure  that  does  not  involve 
aromatic  bromination  in  contrast  to  standard  methods  and  requires  only  one  mole  of 
bromine.   This  finding  is  most  likely  of  general  applicability  throughout  the  mor- 
phine series  and  could  be  of  great  value  in  systems  where  hydrogenolysis  conditions 
cannot  be  employed  to  remove  the  aromatic  bromine  atom  introduced  in  the  standard 
oxide  bridge  closure.   (F.-L.  Hsu,  K.  C.  Rice,  A.  Brossi) 
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SECTION  CN  METABOLITES  i 

Bis(2^2,2-trichloroethyl)phosphorochloridite:  A  Useful  Reagent  for  the 
Phosphorylation  of  Nucleosides  and  Oligonulceotides 

Bis(2,2,2-trichloroethyl)phosphorochloridite  was  found  to  be  a  useful 
reagent  for  the  phosphorylation  of  protected  nucleotides  and  oligonucleotides, 
especially  when  the  phosphate  blocking  group  was  2 , 2 , 2-trichloroethyl  and  the 
hydroxy 1  protecting  group  was  t-butyldimethylsilyl.  Thus,  2 ' , 3 ' -Di-O-silyl- 
adenosine  could  be  phosphorylated  to  the  corresponding  triester  in  a  yield  of 
>90%.  RoTOval  of  the  protecting  groups  (to  give  AMP)  was  achieved  with  zinc- 
copper  couple/2,4  pentandione,  DMF  treatment  to  remove  the  2,2,2-trichloroethyl- 
group  and  tetrabutylaitinonium  fluoride/THF  treatment  to  remove  the  t-butyl- 
dimethylsilyl groups  [J.  Imai  and  P.  Torrence] . 

Synthesis  of  5 ' -0-ftonophosphoryladenylyl  (2 ' ^5 ' )  Adenylyl  (2 ' ->5 ' )  Adenosine 

p5  'A2  'p5'A2  'p5  'A  and  5-Q-Triphosphoryladenylyl  (2  '-^5'  )Adenylyl  (2  '^5 ')  Adenosine 

(2 '-5') Adenosine  ppp5'A2'p5'A2'p5'A 

Using  the  above  developed  reagent,  bis (2, 2, 2-trichloroethyl )phosphorochloridite, 
core  oligonucleotide,  chemically  blocked  A2 'p5'A2'p5'A,  reported  last  year,  was 
phosphorylated  to  p5'A2'p5'A2'p5 'A  which  was  converted  to  the  biologically  active 
triphosphate,  ppp5'A2'p5'A2'p5'A. 

5 ' -0-Monophosphoryladenylyl  (2  '^5 ' )  Adenylyl  (2  '^5 ' )  Adenosine,  p5  'A2  'p5  'A2  'p5A,  is 

an  Antagonist  of  the  Action  of  ppp5'A2'p5'A2 'p5'A  (2-5A)  and  Double-Stranded  RNA    ^ 

p5'A2'p5'A2'p5'A  Antagonizes  the  protein  synthesis  inhibitory  effects  of 
ppp5'A2'p5'A2'p5'A(2-5A)  by  preventing  activation  of  the  2-5A-activated 
ribonuclease  which  degrades  mRNA.  The  oligoribonucleotide  p5'A2'p5'A2'p5'A 
also  antagonizes  the  translational  inhibitory  capacity  of  poly (I) .poly (C)  in 
extracts  of  interferon-treated  L  cells,  suggesting  that  2-5A  is  the  primary 
mediator  of  the  protein  synthesis  inhibitory  effects  of  poly (I) .poly (C)  in 
this  cell- free  system. 

A  Rapid  Assay  for  2',5'-01igo  A  Phosphodiesterase 

A  rapid  and  convenient  assay  for  A2'p5'A  (or  A3'p5'A)  phosphodiesterase 
activity  has  been  developed.  The  dinucleotides  3',5'ApA  and  2',5'ApA  were 
labeled  to  a  high  specific  activity  by  means  of  a  catalytic  exchange  procedure. 
Enzymic  degradation  of  the  labeled  dinucleotides  could  be  followed  by  just 
digesting  the  reaction  products  with  bacterial  alkaline  phosphatase  and  then 
adding  a  slurry  of  DEAE-Sephadex.  The  radioactivity  of  the  adsorbed  dinucleo- 
tides and  AMP  was  severely  quenched,  so  that  the  radioactivity,  after  adding 
scintillation  fluid,  was  due  ner.T.ly  carpletely  to  released  adenosine.  This 
assay  is  being  onployed  to  monitor  phosphodiesterase  activities  in  cell  extracts, 
to  monitor  column  effluents  to  separate  phosphodiesterase  activities  from 
synthetase,  kinase  or  endonuclease  and  to  find  inhibitors  of  the  phosphodiesterase 
[P.  Torrence,  J.  Imai,  M.  Johnston] . 

Enzyme-Linked  IirrTunoassay  for  2-5A 

Rabbits  were  imnunized  with  conjugates  of  p5'A2 'p5'A2'p5'A  linked  to 
methylated  bovine  serum  albumin.  Antisera  screened  to  date  can  be  divided 
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into  three  groups:  those  with  a  strong  preference  for  reaction  with 
p5'A2'p5'A2'p5'A  compared  to  A2 'p5 'A2'p5 'A;  those  with  a  slight  preference 
for  p5'A2'p5'A2'p5'A  over  A2'p5'A2'p5'A  and  those  with  a  slight  preference 
for  A2'p5'A2'p5'A  over  p5'A2'p5A2'p5'A. 

With  these  antisera,  an  ELISA  (enzyme-linked  imnunoassay  procedure)  for 
2-5A  has  been  developed.  First,  polyvinyl  96  well  microtiter  plates  are  coated 
with  (pA)  ^-Ficoll.  Antiserum  +  inhibitor  was  added  and  after  incubation,  anti- 
rabbit  JgG  labeled  with  peroxidase  is  added.  After  additional  incubation, 
a  solution  of  peroxidase  substrate  and  H  0^  are  added.  The  color  developed 
at  415  nm  is  then  read  in  a  raultiscan  instrument.  With  automated  equipment, 
25  duplicate  samples  containing  2-5A  could  be  assayed  in  less  than  6  hours 
(including  inci±iation  time).  The  current  limit  of  detection  is:  (pA)  ,  6  pmole; 
A2'p5'A2'p5'A,  3  pnnole. 

This  development  represent  a  drainatic  improvement  in  other  available 
techniques  for  2-5A  assay  resulting  in  a  substantial  savings  of  time  and  money. 
This  method  is  now  being  used  to  monitor  2-5A  levels  in  cell  extracts,  in  2-5A 
synthetase  assays,  in  interferon- induced  enzyme  purification,  and  to  screen 
for  monoclonal  antibodies  to  2-5A  IM.  Johnston,  J.  Imai  and  P.  Torrence] . 


SECTION  ON  MICROANALYTICAL  SERVICES  AND  INSTRUMENTATION 

1.  Service  Functions  and  Instrumentation: 

Basic  research  and  service  functions  are  performed  by  members  of  the  Section. 
A  major  mission  of  the  organization  involves  the  instrumental  and  chemical  analyses 
provided  to  scientists  of  the  Laboratory  of  Chemistry,  Laboratory  of  Bioorganic 
Chemistry,  NIH,  and  to  a  limited  extent  to  personnel' of  other  government  agencies. 
Approximately  30  of  the  more  common  elements  and  five  functional  groups  are  deter- 
mined on  a  quantitative  basis  using  ultramicro,  micro,  and  semi-micro  techniques 
as  required.   The  materials  analyzed  include  organic  and  inorganic  research  samples, 
commercial  preparations  and  various  biological  specimens.   Instrumental  analyses 
include:   GC/MS  spectrometry,  gas-liquid  chromatography,  GC  with  radioactive  mon- 
itoring, infrared,  nuclear  magnetic  resonance,  amino  acid  analysis,  ultraviolet  and 
flame  photometry.   Assistance  in  the  interpretation  of  spectra  is  rendered  on  re- 
quest.  (D.  F.  Johnson,  H.  J.  C.  Yeh,  W.  R.  Landis,  P.  Parisius,  B.  Baer,  A.  Wong, 
N.  Whittaker,  B.  Torain) 

2.  Characterization  of  the  Dehydrogenase-Isomerase  Enzymes  and  Metabolic  Pathways 
in  Tetrah3rmena  Pyriformis: 

Dehydrogenase  activity  with  hydroxysteroids  has  been  observed  in  Tetrahymena 
pyriformis,  and  the  enzyme  responsible  has  been  isolated  from  this  organism.   The 
purified  dehydrogenase  is  active  with  a  variety  of  steroid  alcohols  at  apparent 
K  values  ranging  from  0.2  to  4.0  mM.   The  C-3  hydroxyl  of  ring  A  of  the  steroid 
nucleus  is  the  preferred  position  of  oxidation.   However,  a  variety  of  other 
secondary  alcohols  are  also  substrates,  with  apparent  K  values  for  2-butanol, 
2-pentanol,  and  cyclohexanol  of  880,  1,000,  and  150  mM,  respectively.   With  both 
steroidal  and  non-steroidal  alcohols,  NAD  is  the  preferred  co-substrate,  although 
low  activity  with  NADP  is  observed.   The  dehydrogenase  activity  with  secondary 
alcohols,  whether  steroidal  or  not,  is  the  property  of  a  single  protein  species. 
(N.  S.  Lamontagne  and  D.  F.  Johnson) 
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3.   Nature  of  Steroid  Receptor  Interactions;  ^ 

Glucocorticoid  steroid  specific  events  are  induced  by  nanomolar  concentrations 
of  hormone  in  responsive  cells.   Because  the  type  of  biological  activity  produced 
by  a  given  steroid  in  a  responsive  cell  is  almost  certainly  determined  by  the 
individual  steroid-receptor  interactions,  a  molecular  description  of  steroid-receptor 
interactions  ultimately  will  be  required  for  a  better  understanding  of  glucocorti- 
coid hormone  action.   With  this  end  in  mind,  we  have  prepared  a  number  of  new 
synthetic  steroids  and  have  examined  their  interactions  with  the  receptors  from 
rat  hepatoma  tissue  culture  (HTC)  cells.   During  the  preparation  of  these  steroids, 
several  new  aspects  of  steroid  chemistry  have  been  uncovered. 

First,  a  new  base-catalyzed  cleavage  of  C„^ -steroids  to  give  17-keto-steroids 
(e.g.,  l-»2)  was  discovered.   This  reaction  occurs  only  with  those  steroids  con- 
taining a  C-17-dihydroxy  acetone  side  chain  and  appears  to  proceed  in  the  absence 
CH  OH 
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of  oxygen.   This  sequence  should  be  particularly  useful  for  molecules  which  contain 
groups  that  are  unstable  under  the  usual  oxidative  cleavage  conditions,  e.g.,  thio 
ethers  1,2-diols  and  at  least  some  a-hydroxy  ketones.   This  reaction  (e.g.,  3^ -^  2^ 
should  be  of  some  diagnostic  utility  since  it  is  specific  for  the  C-17-dihydroxy 
acetone  functional  groups.   In  the  presence  of  oxygen,  the  same  reaction  conditions 
readily  degrade  corticorterone  to  the  176-carboxylic  acid.   (S.  S.  Simons,  Jr.  and 
M.  J.  Merchlinsky) 
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Second,  a  facile,  high  yield  conversion  of  steroidal  C-17  side  chain  a-keto 
mesylates  to  spiro  C-17-steroidal  oxetan-3'-ones  (e.g.,  3^  M  has  been  discovered. 
This  reaction,  involving  treatment  with  strong  base  (KOH,  NaOMe  or  potassium  t- 
butoxide)  in  EtOH  or  THF,  represents  a  major  improvement  for  the  preparation  of 
these  steoid  derivatives  and  may  constitute  a  general  procedure  for  the  prepara- 
tion of  other  oxetan-3-ones.   (S.  S.  Simons,  Jr.  and  M.  Pons) 

The  S5mthetic  steroid  which  is  of  greatest  interest  in  our  studies  of 
steroid-receptor  interactions  is  dexamethasone-21-mesylate  (DM).   We  recently 
described  the  biological  properties  of  an  a-keto  mesylate  derivative  of  Cortisol, 
i.e.  CM,  which  exhibited  long-term  antiglucocorticoid  activity.   We  then  prepared 
the  u-keto  mesylate  derivative  of  the  more  active  glucocorticoid  dexamethasone  in 
hopes  of  obtaining  a  more  potent,  long  acting  antiglucocorticoid  that  could  also 
be  a  steroid-specific  affinity  label  of  glucocorticoid  receptors.   DM  is  relatively 
stable,  like  CM,  but  possesses  greater  whole-cell  antiglucocorticoid  activity.   DM 
also  possessed  partial  agonist  activity,  which  is  expressed  at  somewhat  higher 
concentratons  of  DM  than  the  antagonist  activity.   DM  is  effective  at  lower  con- 
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centrations  than  CM  in  causing  long-term,  apprently  Irreversible  antlglucocortlcoid 
effects  In  whole  and  broken  cells.   The  cell-free  effect  of  DM  is  specifically 
prevented  by  co- incubation  with  an  excess  of  Cortisol.   These  facts  argue  that  the 
apparently  irreversible  effects  of  DM  are  steroid-mediated.    H-DM  has  been  used 
to  identify  a  glucocorticoid-competable,  covalently  labeled  fraction  on  SDS-poly- 
acrylamide  gels  with  a  molecular  weight  of   85,000.   Thus  DM  appears  to  be  the 
first  affinity  label  for  glucocorticoid  receptors.   A  patent  has  been  filed  to 
cover  DM  and  the  a-keto  mesylates  of  other  glucocorticoids.   (S.  S.  Simons,  Jr. 
and  E.  B.  Thompson) 

In  an  effort  to  obtain  a  fluorescent,  covalent  receptor-steroid  complex,  we 
have  recently  developed  a  new  methodology  for  affinity  labelling  which  we  call 
fluorescent  chemo-af f inity  labelling  (FCAL) .   In  FCAL,  o-phthaladehyde  specifically 
cross-links  primary  amines  and  thiols  to  give  strongly  fluorescent  l-alkylthio-2- 
alkylisoindoles  in  high  yields.   Since  these  isoindoles  were  previously  unknown, 
we  were  interested  in  their  chemistry  and  in  obtaining  an  unambiguous  proof  of 
their  structure.   Therefore,  the  reactions  of  these  l-alkylthio-2-(n-propyl) isoin- 
doles with  various  dienophiles  were  investigated.   Reactions  with  dimethyl  acety- 
lenedicarboxylate  (DMAC)  yielded  stable  1:1  adducts  which  are  dark  red,  a-substitu- 
ted  isoindoles  with  a  fumarate  side  chain.   The  crystalline  1:1  adduct  6_,    formed 
from  l-ethylthio-2-(n-propyl)isoindole  and  DMAC  was  found  to  exist  as  a  sterically 
congested,  Intramolecular  charge-transfer  complex.   Our  structural  conclusions 
were  confirmed  by  an  X-ray  structure  determination  of  6_,   which  also  represents 
the  first  X-ray  structure  determination  of  an  isoindole.   In  addition,  these 
studies  unambiguously  identify  isoindoles  as  the  products  of  the  reaction  of 
o-phthalaldehyde  and  thiols  with  primary  amines.   (S.  S.  Simons,  Jr.  and  H.  L. 
Ammon) 

4.   Applications  of  NMR  in  Biochemical  and  Biological  Systems: 

Studies  on  the  microenvironments  of  histidine  residues  of  hemerythrin,  a  non- 
heme  oxygen-carrying  protein  found  in  the  erythrocytes  of  certain  marine  inverte- 
brates, using  H  nuclear  magnetic  resonance  have  shown  that  only  two  (His-34  and 
His-82)  out  of  total  seven  histidine  residues  in  hemerythrin  A  are  titratable. 
This  result  eliminates  the  possibility  of  these  two  histidine  residues  as  ligands 
to  the  iron  atoms  and  hence  implys  that  a  maximum  number  of  5  histidine  residues 
are  coordinated  to  the  iron  atoms.   Present  results  suggest  that  His-34  is  partially 
hurried  inside  the  protein  and  near  or  at  the  site  where  the  subunit  interactions 
takes  place.   His-82,  on  the  other  hand,  appears  to  be  exposed  on  the  surface  of 
the  protein.   (H.J.C.  Yeh,  D.  F.  Johnson,  S.  C.  Chiang) . 

Investigations  on  the  nature  of  the  active  site  of  phospholipase  A.,  an  enzyme 
that  catalyses  the  hydrolysis  of  the  fatty  acid  ester  bond  at  the  2-posxtion  of 
3-sn-phosphoglycerides,  and  the  mode  of  metal  bindings  to  the  enzyme  using  H 
nuclear  magnetic  resonance  and  difference  UV  spectroscopy  have  shown  that  His-47  is 
located  in  an  unusual  environment  which  may  be  located  very  close  to  the  metal  ion 
binding  site.   The  enzyme  is  found  to  exist  predominantly  in  a  dimeric  form  which 
binds  two  calcium  ions  with  different  binding  affinities  (K^ '^.^l. 4x10  M   and  K„ 
^■>^xlO  M~  ).   Binding  of  calcium  ions  to  the  enzjmie  from  the  venom  of  naja  naja 
atra  produces  conformational  changes  both  in  the  aromatic  and  aliphatic  regions  of 
the  molecule.   (C.L.  Chatterjee,  H.  J.  C.  Yeh,  C.  C.  Yang). 
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5.   The  Development  of  Methods  and  Materials  for  the  Study  of  Medical  Problems:      i 

Lethality  from  cancer  frequently  results  from  metastases  arising  from  cells 
of  the  primary  tumor.   The  focus  of  present  work  is  the  study  of  cancer  metastases 
in  the  mouse.   The  purposes  of  this  study  are:   (a)  to  increase  our  understanding 
of  the  mechanisms  operating  at  the  various  stages  in  the  formation  of  metastases, 
(b)  to  study  the  effects  of  chemicals  and  biologicals  on  metastases  and  their 
development,  and  (c)  to  apply  the  knowledge  obtained  thereby  to  the  development 
of  biological  materials  and  chemical  compounds  of  potential  use  in  inhibiting  the 
formation  of  metastases  or  selectively  destroying  them  in  human  beings.   The  find- 
ings of  these  studies  may  also  contribute  to  the  investigation  of  other  biological 
and  medical  problems. 

A  neutral  protease  has  been  isolated  from  cultures  of  cells  of  the  highly 
invasive  and  metastatic  murine  tumor,  T241-PMT.   This  enzyme  preferentially  degrades 
type-IV  collagen,  the  principal  collagen  of  basement  membrane,  and  may  play  a 
decisive  role  in  the  invasiveness  of  tumors.   The  level  of  type-IV  collagenolytic 
activity  produced  by  various  murine  tumor  cell  lines  has  been  found  to  correlate 
with  their  metastatic  potency.   This  type  of  enzyme  activity  may  provide  a  route 
to  interference  with  the  process  of  metastasis  formation.   Antiserum  to  the  purified 
enzyme  has  been  produced  in  the  rabbit.   The  antisera  obtained  so  far  exhibit 
little  inhibition  of  type-IV  collagenase,  but  antibody  to  the  enzyme  has  been 
demonstrated  by  immunofluorescence  studies.   Pretreatment  of  the  T241-PMT  cells 
with  the  antiserum  iii  vitro  and  intravenous  injection  of  the  cells  produced  very 
few  lung  metastases;  whereas,  the  untreated  control  cells  produced  many.   This 
experiment  has  been  repeated  with  the  same  results.   That  pretreatment  of  the       i 
cells  with  antiserum  does  not  destroy  them  in  vitro  is  indicated  by  cell  viability   ' 
tests,  cytotoxicity  tests,  and  production  of  tumors  by  intramuscular  injection  of 
the  pretreated  cells.   Further  study  is  necessary  to  establish  the  mechanism  of 
this  effect. 

During  the  metastatic  process  attachment  of  tumor  cells  to  basement  membrane 
must  precede  penetration.   Differences  in  the  ability  of  tumor  cells  to  attach  to 
basement  membrane  may  be  a  factor  in  differences  in  their  metastatic  potencies. 
Certain  metastatic  cells  attach  preferentially  to  type-IV  collagen  over  other  types 
of  collagen  on  plactic.   The  attachment  of  epithelial  cells  to  type-IV  collagen  is  ... 
mediated  by  laminin,  a  high  molecular  weight  basement  membrane  glycoprotein.   Two 
metastatic  murine  cell  lines,  B16-BL6  and  T241-PMT,  attach  preferentially  to  type 
IV  collagen,  and  laminin  increased  the  rate  and  extent  of  attachment.   Cyclohexi- 
mide  inhibited  the  attachment  of  the  BL6  and  PMT  cells  to  type-IV  collagen  and  the 
inhibition  was  overcome  by  added  laminin.   Antibodies  to  laminin  also  prevented 
the  attachment  of  the  cells  to  type-IV  collagen.   These  results  indicate  that  the 
two  metastatic  cell  lines  utilize  laminin  to  bind  to  type-IV  collagen.   Cells  whose 
attachment  to  type-IV  collagen  was  mediated  by  laminin  had  five  times  the  metastic 
potency  of  unbound  cells  or  of  cells  attaching  with  fibronectin  as  measured  by  the 
number  of  lung  metastases  produced  by  intravenous  injection  of  the  cells.   Laminin- 
mediated  attachment  of  tumor  cells  to  type-IV  collagen  may  provide  a  means  for 
selection  of  highly  metastatic  variants  in  a  heteogeneous  tumor  cell  population. 
Incubation  of  the  cells  with  antibody  to  laminin  prior  to  intravenous  injection 
markedly  reduced  their  metastic  activity,  suggesting  that  laminin  is  required  by 
cells  for  attachment  during  the  metastatic  process.  . 

In  the  metastatic  process  endothelial  cells  may  also  play  a  role.   Unless 
there  are  gaps  between  endothelial  cells  of  veins  and  capillaries  at  some  locations, 
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circulating  tumor  cells  first  encounter  endothelial  cells.   A  system  is  being  de- 
veloped for  studying  the  interactions  of  human  tumor  cells  with  human  endothelial 
cells  on  human  basement  membrane  in  vitro.   (Calvin  M.  Foltz  and  Lance  A.  Liotta 
(NCI)). 
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Project  Description: 

Objectives:  Antibodies  are  isolated  from  animals  and  used  to  study  their 
structure  and  their  interaction  with  antigens. 

Bacterial  and  fungal  antigens  are  isolated  and  their  structure  is  eluci- 
dated. The  mechanism  of  the  i!>imine  response  is  studied. 

Methods  Bnployed:  Usual  techniques  of  biology  and  biochemistry  are 
enployed,  such  as  affinity  chronatography,  column  chromatography,  physico- 
chotdcal  techniques  (fluorescence  titrations  of  antibodies)  mass-spectroscopy 
nuclear  magnetic  resonance,  etc. 

Major  Findings: 

The  saccharide- interaction  of  a  number  of  hybridoma  immunoglobulins  with 
galactan-specificity 

Hybridoma  immunoglobulins  ("HyGals")  were  isolated  by  fusion  of  spleen 
cells  from  mice  immunized  with  galactosyl-protein  conjugates  (with  Dr.  Pawlita 
and  Ms.  E.  Mushiniski,  NCI).  Proteins  were  purified  by  affinity  chromatography 
and  their  tryptophanyl- fluorescence  was  monitored  for  changes  due  to  the  addition 
of  saccharide  ligands.  Selected  hybridoma  iinmunoglobulins  were  tested  for  their 
specificity  by  monitoring  tryptophanyl  fluorescence  following  the  addition  of 
a  variety  of  different  ligands.  Results  are  listed  below.  It  can  be  seen  that, 
generally,  the  specificity  of  these  immunoglobulins  is  similar  to  that  of  the 
myeloma  immunoglobulins  except  that  several  (HyGals  2,4,7,8,10,11,12)  show  binding 
with  3-0-3-D-galactopyranosyl-l-arabinose  and  HyGals  1  and  12  show  binding  to 
melibiose.  All  hybridona  proteins  (HyGal)  show  specificity  for: 

HyGal  Specificity  for  Ligand 

1  Melibiose 

2  Melibiose,  3-0-B-D-Gal  -D-Ara 
4  3-0-B-D-Gal_-D-Ara    ^ 
7 


10 
11 
12 


Melibiose 


Maximum  changes  in  tryptophanyl  fluorescence  (excitation  wavelength  295  mm) 
brought  about  by  61,6  galactosyl  oligosaccharides  are  all  relatively  high. 
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allowing  accurate  estiitation  of  affinity  constants.  The  latter  data  are  also 
listed  here: 


i 


Proteins 


Gal, 


Gal, 


KaXlO"^  m"^ 


Methyl  Gal. 


HyGal  1 

2 

3 

4 

6 

7 

8 

9 

10 

11 

12 


2.3 
8.5 
3.8 
4.6 
4.2 
12.8 
4.8 

9.1 
6.6 
4.7 


37.5 
66.0 
78.0 

135.0 
52.0 

227.0 
51 

72.0 

104.0 

74.0 


79.0 
172.0 
140.0 
160.0 

89.0 
527.0 
135.0 

142.0 

224.0 
217.0 


(Work  by  Drs.  Ftoy  and  Glaudemans) 


Further  mapping  of  the  conbining  site  of  J539 

Iimanoglobulin  J539  has  been  studied  in  our  laboratory  and  we  have 
proposed  a  space-filling  model  of  its  F  region  (see  last  year's  report). 
The  further  study  of  its  mode  of  binding  to  Bl,6  galactosyl  oligosaccharides  is 
continued.  This  protein  has  becone  inportant  in  the  unraveling  of  the  mechanism 
of  binding  of  neutral  polysaccharides  to  their  antibodies.   It  is  not  altogether 
clear  how  this  binding  occurs,  but  it  is  likely  that  both  hydrophobic  and 
hydrogen  bonding  play  a  role.  We  have  endeavored  to  rationalize,  the  various 
factors  contributing  to  binding.  Using  themnodynamic  parameters,  these  factors 
can  be  profitably  carpared  to  the  corresponding  ones  for  the  binding  of 
oligodextran-ligands  to  inmunoglobulin  W3129.  The  latter  protein  is  the  only 
documented  antibody  to  date  which  binds  exclusively  to  the  end-groups  of  an 
al,6  glucan.  By  measuring  affinities  at  various  temperatures  between  these  two 
inmunoglobulins  and  their  respective  ligands,  the  enthalpies  and  entropies  of 
binding  could  be  determined. 

Previous  work  on  the  interaction  of  J539  with  Blje-linked  galactopyranosyl 
oligosaccharides  (Jolley  etal . ,  1973,  1974:  Roy  etal . ,  1981)  have  shown  this 
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inmunoglobulin  to  possess  an  extended  binding  region  located  on  the  surface  of 
the  protein.  Binding  studies  on  IgA  W3129  with  al,6  glucopyranosyl  oligo- 
saccharides (Cisar  et  al . ,  1975,  Bennett  &  Glaudemans,  1979)  have  shown  the 
latter  protein  to  have  a  cavity- type  (Kabat,  1978)  binding  site  capable  of 
accomnodating  only  about  three  sugar  residues.  It  thus  appeared  to  us  that  a 
srady  of  the  themiodynamic  parameters  of  binding  for  these  two  immunoglobulins 
might  show  an  interesting  difference,  which  could  be  supportive  of  these  two  modes 
of  binding. 

It  is  generally  accepted  that  the  strong  cohesive  energy  of  water  is  the  main 
driving  force  for  the  association  of  solutes  in  aqueous  systems  (Bruice,  1969; 
Jencks,  1969).   In  the  case  of  a  protein  binding  to  a  non-polar  solute,  structured 
water,  both  around  the  solute  (due  to  the  inability  of  the  solute  to  hydrogen- 
bond)  and  the  protein  (Chotia,  1974),  is  returned  to  bulk  solvent  when  solute 
and  protein  make  contact.  The  resulting  increase  in  entropy  forms  a  large  part 
of  the  driving  force  for  this  phenomenon.  In  the  case  of  proteins  bindng  to 
a  polar  solute,  the  driving  force  for  association  is  largely  created  by  the 
favorable  decrease  in  enthalpy  due  to  the  reduction  of  the  number  of  cavities  in 
the  solvent  following  'removal'  of  the  solute  fron  solution  (Bruice,  1969). 
For  solute  niolec;iLes  of  moderate  polarity  intermediate  values  of  enthalpy  and 
entropy  will  constitute  the  main  contribution  to  a  negative  free  energy  of 
association. 

In  Tables  1  and  2  we  have  listed  the  binding  data  for  both  systems,  J539/ 
6 1 , 6-galactosyloligosaccharides ,  and  W312  9/al , 6-glucosyloligosaccharides .  It 
can  be  seen  that  the  enthalpies  of  binding  are  negative  for  both  systems  with 
all  ligands,  to  be  expected  for  the  'removal'  of  solutes  from  solution  upon 
binding  to  a  protein.   It  is  quite  striking  that  in  the  case  of  W3129  the 
enthalpies  of  binding  are  more  favorable,  especially  for  the  higher  oligo- 
saccharides, where  these  high  negative  enthalpies  offset  the  unfavorable 
entropies  of  W3129-ligand  association.   In  the  case  of  J539,  the  absolute  values 
for  the  enthalpies  are  generally  lower  and  the  entropies  are  positive  or  only 
slightly  negative  [except  in  the  case  of  the  galactosylgalactose  (Gal„)].  Thus, 
in  the  forrrer  case,  the  overall  negative  free  energies  of  binding  are  caused 
mostly  by  favorable  enthalpies  of  association,  whereas  in  the  latter  case  the 
favorable  contributions  of  the  entropy  is  larger.  Our  interpretation  of  this 
is  as  follows. 

The  process  of  binding  can  be  thought  of  as  occurring  in  two  stages:  firstly, 
the  'removal'  of  ligand  from  solutions,  and  secondly,  the  'attachment  of  this 
ligand  to  the  protein.  The  first  process  should  be  acccrapanied  by  an  overall 
negative  enthalpy,  and  a  negative  entropy  contribution  due  to  the  immobilization 
of  the  hitherto  freely- tumbling  solute  moleciiLes,  as  well  as  a  positive  entropy 
contribution  from  stripping  structured  water  molecules  around  the  solute  and 
returning  this  to  the  bulk  solvent.  The  second  process,  the  actual  binding, 
should  be  accompanied  mostly  by  the  positive  entropy  contributions  from  the 
retiom  of  water  moleciiLes  to  the  solvent  following  stripping  of  the  hydration 
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of  proteins.  As  can  be  seen,  the  overall  enthalphy  of  the  binding  is  negative 
in  all  cases.  Observe  that  the  unitary  entropy  of  binding  for  the  dextran 
oligosaccharides  and  W3129  is  highly  negative  and  remains  constant  at  about 

Table  1.  Binding  of  IgA  J539  Fab  with  6-D-galactopyranosides 


T(°C)         -AG       ASu  AH 


Lung  galactan* 

4 

7.14 

25 

7.09 

37 

6.82 

Methyl 

6-glycoside 

of  Gal 2 

7 

7.45 

25.3 

7.36 

34.8 

7.28 

Gal^ 

4 

7.34 

J 

25 
37 

7.32 
7.15 

rvii2 

6 

5.97 

25.6 

5.66 

35.6 

5.35 

Methyl 

6-D-galactopyranoside 

8.3 

4.31 

25.3 

4.19 

34.6 

4.03 

+4.67  -10.4 

+1.81  -  9.2 

+2.55  -  8.9 

-14.8  -12.5 

-  3.5  -  7.6 


*K  s  calculated  for  a  valency  of  15  galactose  residues 

Table  2.  Binding  of  IgA  W3129  with  isonaltose  oligosaccharides 


T(°C)         -AG       ASu  AH 


I sate  1 topen taose 

Iscmaltotetraose 

Iscmal totr iose 

Isonaltose 

Methyl  a-D-glucopyranoside 


30 

8.25 

20.3 

8.47 

10.7 

8.99 

30 

7.65 

20.3 

8.14 

10.7 

8.44 

30 

7.61 

20.3 

7.83 

10.7 

8.32 

30 

5.12 

20.3 

5.38 

10.7 

5.73 

30 

4.65 

20.3 

4.87 

10.7 

5.14 

-21.8  -17.2 

-23.7  -17.4 

-20.3  -16.2 

-16.9  -12.7 

-11.7  -10.6 
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-20  units  for  the  tri-,  tetra-  and  pentasaccharide.  This  unfavorable  change  in 
entropy  is  allowed  since  it  is  conpensated  for  by  a  large  negative  enthalpy, 
but  it  seems  to  show  that  the  overall  entropy  effect  taking  place  is  one  of 
imrtcDbilization .  The  removal  of  hydration  and  return  of  these  molecules  to 
the  solvent  does  contribute  much  more  in  the  case  of  J539  galactose  oligosaccharide 
binding,  causing  the  overall  entropy  change  to  be  either  positive  or  nearly  zero 
for  all  cases  but  one  (Gal_)  (we  will  address  that  later).  Generally  then,  it 
appears  that  in  the  case  or  J539/galactose  oligosaccharides  the  ligand  makes  close 
contact  with  the  protein  "squeezing  out"  water  of  hydration  (positive  entropy 
effect).   In  the  case  of  W3129,  the  oligosacchardies  are  immobilized  by  binding 
three  end-residues  to  the  protein,  leaving  the  remainder  of  the  ligand  molecule 
irtrrDblized  and  out  of  contact-reach  with  the  protein  but  still  surrounded  by 
structured  water  (negative  entropy  contribution) . 

It  is  interesting  to  note  that  for  Gal^  the  entropy  of  binding  is  also 
largely  negative.  Our  interpretation  is  that  this  probably  means  that  the 
effect  of  the  iramoblizations  of  this  ligand  is  dominent,  unlike  the  case  for 
nethylgalactoside  or  Gal^.   In  turn,  this  would  indicate  that  the  second  residue 
still  would  be  left  hydrated  surrounded  by  solvent,  i.e. ,  not  intimately 
associated  with  the  protein.  [Vfork  by  Drs.  Bhattacharjee,  Das,  Roy  &  Glaudemans] 

Capsular  Polysaccharides  from  a  Parent  Strain  and  a  Possible  Mutant  Strain 
of  Cryptococcus  Neoformans  Serotype  A 

Two  serotypic  variations  (serotypes  A  and  D)  are  known  among  the  isolates  of 
Cryptococcus  neoformans.  Most  of  the  cases  of  cryptococcosis  in  the  U.S.  are 
caused  by  serotype  A  strains,  the  frequency  of  serotype  D  among  clinical  isolates 
being  only  "^5%.  The  serotypes  are  defined  by  the  antigenic  determinants  of 
the  extracellular  polysaccharide,  and  the  chemical  structures  of  both  serotypes  A 
and  D  have  been  elucidated,  that  of  the  former  by  Chemiak  (CDC)  and  Merrifield 
and  Stephen,  and  that  of  the  latter  by  us.  The  structure  reported  by  Chemiak 
etaJL.  for  the  polysaccharide  from  serotype  A  differed  from  that  educed  by 
Merrifield  and  Stephen,  the  former  workers  finding  a  structure  that  was  actually 
quite  similar  to  that  reported  by  us  for  serotype  D. 

In  the  laborato2ry  a  strain  of  C.  neoformans  type  A  (strain  no.  371)  that 
had  been  stored  as  a  stock  culture  for  '^^15  years  showed,  on  subculture,  colonies 
that  had  two  different  characteristics.  Upon  cloning,  two  stable  popiolations 
were  obtained,  namely,  serotype  A  and  serotype  D.  The  original  isolate  was 
obtained  frcm  cuckoo  droppings  collected  in  Thailand,  and  had  been  subcultiired 
iiHny  times  before  it  was  serotyped  as  A.   (It  had  earlier  been  found  by 
Bennett  (NIAID) ,  that,  although  serotypes  of  each  isolate  are  stable, 
serotypes  A  and  D  can  form  a  continuous  spectrum  of  antigenic  variation.  Although 
most  isolates  are  clearly  A  or  D,  some  are  of  intermediate  natixre,  and  type  A,  D, 
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or  A/D,  depending  on  the  antisera  used  and  the  nunijer  of  adsorptions  made.)  Two 
explanations  are  possible  for  the  apparent  change  fron  A  ^  (A  +  D) .  One  is  that 
the  isolate  was  originally  a  mixture  of  serotypes  A  and  D,  but  that  the  D-cells 
were  not  detected  during  the  typing.  The  other  is  that  the  original  isolate 
was  pure  A-type,  but  that  seme  cells  mutated  to  serotype  D  during  maintenance. 
In  view  of  the  discrepancy  in  the  structures  reported  for  serotype  A 
polysaccharide,  we  decided  to  study  the  structures  of  the  capsular  poly- 
saccharide frcm  serotype  A  and  D  cloned  from  the  original  culture.  Cryptococcus 
neoformans  serotype  A  (strain  no.  371)  was  cloned  into  two  different  strains, 
371-a  and  371-3. 

Polysaccharide  371-a  gave  a  single  peak  in  ion-exchange  chromatography 
(see  Fig.  31  on  DEAE-cellulose  and  in  gel  filtration  on  Sepharose  6B. 
It  had  [a]^pQ  +  26°  (c  0.25,  water)  .  Hydrolysis  of  this  polysaccharide  with 
0.5M  sulfuric  acid  for  16  h  at  100°  followed  by  paper  chranatography  in  solvents 
B  and  C  showed  the  presence  of  xylose,  mannose,  and  glucuronic  acid  as  conponent 
sugarsT  Hydrolysis  of  the  carboxyl-reduced  polysaccharide,  followed  by  analysis 
by  g. I.e.  as  alditol  acetates  showed  the  presence  of  mannose,  xylose  and 
glucose  in  the  molar  ratios  of  '\'22:8:5.  Estimation  of  glucuronic  acid  in  the 
polysaccharide  by  the  m-hydroxybiphenyl  reagent  showed  14.3%  as  glucuronic  acid. 
Methylation  of  the  carboxyl-reduced  polysaccharide,  followed  by  hydrolysis  and 
analysis  by  g.l.c.  and  g.l.c. — m.s.,  shovved  the  presence  of  2 , 3 , 4-tri-O-methyl- 
xylose,  2,3,4,6-tetra  0^-methy Iglucose ,  2,4,6-tri-£-methylniannose,  4,6-di-£- 
methylmannose,  and  6-0-methylmannose  in  the  molar  ratios  of  ^-^18:1:15:20:3. 
Methylation  of  the  purified  polysaccharide,  followed  by  reduction  with  lithium 
aluminum  deuteride,  and  analysis  as  before,  showed  the  presence  of  methylated 
sugars  in  the  same  ratios  as  just  given,  except  that  2,3,4-tri-O-methylglucose 
was  obtained,  instead  of  2,3,4,6-tetra-O-methylglucose. 

Methylated,  Smith-degraded  polysaccharide  was  hydrolyzed,  and  the  products 
were  analyzed  as  their  alditol  acetates,  which  showed  the  presence  of  2,4,6- 
tri-£-methylmannose  and  4 , 6-di-O-methylraannose  in  the  ratio  of  97:3.  On 
similar  analysis,  the  alkali-degraded,  remethylated  polysaccharide  showed  the 
presence  of  2,3,4-tri-O-methyLxylose,  2,4,6-tri-O-methylmannose,  and  4,6-di-£- 
methylmannose  in  the  molar  ratios  of  '^1:1.9:1.6  (see  Table  I).  The  absence  of 
any  monanethylmannose  in  this  same  is  significant.  The  Smith-degraded  poly- 
saccharide was  insoluble  in  water  but  could  be  dissolved  in  aqueous  dimethyl 


sulfoxide:   [a]^ggl20°  (c  0.25,  2:1  Me2S0— H  0)  . 

Polysaccharide  371-3  was  heterogeneous,  and  was  purified  by  chrcmatography 
on  Sephiarose  63  followed  by  ion2gxchange  chromatography  on  DEAE — cellulose.  The 
purified  polysaccharide  had  [a] ego  0°  (c  0.23,  water).  Hydrolysis  of  the  poly- 
saccharide with  0.5^  H2  SO^  followed  by  paper  chrcmatography  in  solvents  A,  B, 
and  C  showed  the  presence  of  mannose,  xylose,  and  glucuronic  acid  as  component 
sugars. 
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Table  I.  Methylation  Analysis  of  Polysaccharide  371-a 


Methylated  sugars^ 
(alditol  acetates) 

T^ 

Molar  ratios' 
I      II 

Ill 

2,3,4-Me2-Xyl 

0.66 

1.8 

1.0 

— 

2,3,4,6Hyie^-Glc 

1.00 

1.0 

~ 

~ 

2,4,6-Me  -Man 

2.08 

1.5 

1.94 

9.7 

2,3,4^e2-Glc 

2.43 

~ 

~ 

~ 

4 , 6-Me„-Man 

3.34 

2.0 

1.6 

0.3 

6-Me-Man 

4.48 

0.3 

— 

~ 

^  2,3,4-Me  -Xyl  =  2 , 3 , 4-tri-£-rnethy 1-D-xylose ,  etc.    Retention  times  are 
relative  to  that  of  l,5-di-£-acety 1-2, 3,4, 6-tetra-£-acetyl-2, 3,4,6- tetra- 
0-methyl-D-glucitol  on  column  (a)  at  170°.    I,  carboxyl-reduced,  methylated 
polysaccharide;  II,  alkali-degraded,  remethylated  polysaccharide;  and  III, 
methylated.  Smith-degraded  polysaccharide. 

Hydrolysis  of  the  carboxyl-reduced  polysaccharide,  followed  by  analysis 
of  the  alditol  acetates  by  g.l.c.  showed  the  presence  of  mannose,  xlylose,  and 
glucose  in  the  molar  ratios  of  '^  6:6:3:2.  Methylation  of  the  carboxyl-reduced 
polysaccharide  371-3,  follovved  by  hydrolysis,  and  analysis  of  the  partially 
methylated  sugars  as  the  alditol  acetates  by  g.l.c.  and  g.l.c. — ^m.s.  showed 
the  presence  of  2,3,4-tri-0_-methylxylose,  2 , 3 , 4 , 6-tetra-£-methylglucose ,  2,4,6- 
tri-0-methylmannose,  4,6-di-O-methylitiannose,  and  6-0-methylmannose  in  the 
itDlar  ratios  of  '^-16: 10: 3: 27: 2"  (see  Table  II).  Methylation  of  the  purified 
polysaccharide  371-3,  followed  by  reduction  with  LiAlD.,  and  analysis  as  before 
showed  the  presence  of  2 , 3 , 4-tri-£-methy Lxylose ,  2,3,4-tri-O-methylglucose, 
2,4,6-tri-O-methylmannose,  and  4 , 6-di-0_-methylmannose  in  the  molar  ratios  of 
16:10:2:29'~(see  Table  II).  The  absence  of  6-£-methylmannose  in  this  sample 
indicated  complete  methylation. 


Smith  degradation  of  the  polysaccharide  gave  a  degraded  polymer  that  was 
insoluble  in  water.  A  solution  in  2:1  Me„SO — water  had  [ctJcgg  +  124°  (c  0.25)  . 
Hydrolysis  of  the  degraded  polymer  with  ^H„SO.  during  16  h  at  100°  gave 
mannose  only.  Methylation  of  the  degradid  polymer,  followed  by  hydrolysis, 
and  analysis  as  the  alditol  acetates,  showed  the  p;i^esence  of  2 , 4 , 6-tri-£-methyl- 
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Table  II.  Methylation  Analysis  of  Polysaccharide  371-3 


5^  .  Molar  ratios 

(alditol  acetates) 


Ntethylated  sugars  j^ 


I       II 


2,3,4-Me^-Xyl  0.65  1.6  1.6 

2,3,4,6-Me  -<51c  1.00  1.0 

2,4,6-Me^Man  2.09  0.3  0.2 

2,3,4-Me  -Glc  2.42  •—  1.0 

4,6-Me2-Man  3.32  2.7  2.9 


6-Me-Man  4.52  0.2 


^  2,3,4-Me^Xyl  =  2 , 3 , 4-tri-O-inethy  1-xylose ,  etc.    Retention  tijnes  are  relative 
to  that  Of  l,5-di-0-acetyl-2,3,4,6-tetra-0-methyl-Q-glucitol  as  unity. 

'^   I.  Carboxyl-reduced,  methylated  polysaccharide;  II.  Carboxyl-reducted  after 
methylation. 

mannose  only.  These  results  showed  that  the  backbone  is  a  linear,  ( 1-^-3 )-a-linked 
itennan. 

Figs.  4A,  4B  and  4C  show  the   C-n.m.r.  spectra  of  polysaccharides  371-a  and 
371-3,  and  0-deacetylated  polysaccharide  371-3,  respectively.  Although,  owing 
to  the  corrpTexity  of  the  spectra,  it  was  not  possible  to  assign  the  resonances 
at  6  '\-102  to  individual,  anoneric  carbon  atoms,  spectral  differences  were 
observed,  especially  in  this  region,  supporting  the  differences  observed  in 
the  sugar  ratios  and  substitution  patterns  as  determined  by  structural  analysis. 
It  is  obvious  that  both  polysaccharides  contain  acetate  groups  (signal  at 
6  '^-21)  and  that  0-deacetylation  effectively  removed  the  acetate  groups  (see 
footnote) . 

Analysis  of  the  sugar  composition  of  polysaccharide  371-a  showed  the 
presence  of  mannose,  xylose,  and  glucuronic  acid  in  the  molar  ratios  of 
M. 4: 1.6:1.  Methylation  analysis  of  the  polysaccharide  (see  Table  II)  showed 
that  both  the  xylose  and  the  glucuronic  acid  were  present  as  nonreducing  end- 
groups,  attached  to  0-2  of  mannose  residues.  The  mannose  residues  are  linked 
(1-^3)  as  linear  backbone.  Ap^oximatley  3  of  every  8  mannose  residues  are 
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150 


p.  p.  m. 

Fourier- transformed,    C-n.m.r.  spectra  of  (a)  polysaccharide 
371-a,  (_b)  polysaccharide  371-3,  and  (c)    0-deacylated  polysaccharide 
371-3  in  D^O  (40  mg/mL)  at  67.89  MHz. 
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unsubstituted.  A  very  small  proportion  of  disubstituted  mannose  residues 
{^1  out  of  12)  was  detected,  but  the  significance  of  this  finding  is  not  yet 
clear   The  alkaline-degradation  results  (see  Table  I)  sliowed  that,  on 
degradation,  the  proportion  of  2 , 4 , 6-tri-0-iT«thylinannose  increased  substantially, 
whereas  that  of  4,6-di-O-inethylmannose  decreased  to  the  same  extent.  This  shows  that 


1 
i 

I 

„.,^^^  __^  _  _^ _^_  lat 

^e" glucuronic  acid  residues  "(v^ch  were  removed  during  the  degradation)  were 

linked  to  0-2  of  rannose  residues  bearing  no  other  substituent.  ■ 

The  Smith-degradaticn  results  showed  that  the  backbone  of  the  polysaccharide 
is  a  linear,  (l-*3) ^-linked  mannan.  The  presence  of  a  very  small  proportion 
(^2%)   of  4,6-di-O-methylmannose  in  this  sample  is,  in  our  opinion,  insignificant. 
The  foregoing  structural  features  for  the  capsular  polysaccharide  of  C. 
neoformans  strain  no.  371-a  v^ich  has  been  typed  here  as  serotype  D  can  be 
represented  by  structural  formula  ^.  The  Q  configuration  of  the  sugars  is  based 

I  -.3)-a-D-ManP-(l-3)-a-D-Manp-(l-3)-a-D-Manp-(l-3)-a-D-Manp-(l-3)-a-D-Matip-(l-> 
=   2-         =  -  2  2 

D-Xylp  g-XylP  ^-""^"P^ 


i 


on  our  previous  studies  on  the  capsular  polysaccharide  from  C.  neoformans  No. 
3502  type  D.  The  structures  of  these  two  polysaccharides  are  almost  identical, 
except  for  the  sugar  ratios  which,  for  strain  No.  3502,  are  D-nrannose,  D-xylose, 
and  Q-dlugucronic  acid  ('^-3:1:1),  and  for  strain  No.  371-a,  are  4.4:1.6:1,  but 
this "difference  is  minor.  The  structure  reported  here  for  capsular  polysaccharide 
371-a  is  very  similar  to  that  of  a  capsular  polysaccharide  from  C.  neoformans 
strain  No.  371  reported  by  Chemiak  et  al.  These  authors  considered  strain  No. 
371  (NIH)  to  be  serotype  A,  but  in  view  of  our  findings,  it  seens  probably  that 
their  corpound  was  a  polysaccharide  of  serotype  D  (see  1) . 

The  capsular  polysaccharide  of  C.  neoformans  strain  No.  371-3,  typed  here 
as  serotype  A,  had  [ct]  coq  "•■  26°,  and  contained  D-mannose,  D-xylose,  and  g-glucuronic 
acid  in  the  molar  ratios  of  3.3:1.5:1.  Methylation  analysis  of  the  carboxyl- 
reduced  polysaccharide  (see  Table  II)  showed  that  the  D-xylose  and  D-glucuronic 
acid  were  both  present  as  (non- reducing)  end-groups  attached  to  0-2~of  the 
g-mannosyl  residues.  Almcbt  all  of  the  D-mannosyl  residues  carried  a  single 
substituent  of  either  a  D-xylosyl  or  g-glucosyluronic  acid  group.  The  very 
snail  proportion  of  2, 4, ?-tri-0-methyl -D-mannose  obtained  indicates  the  presence 
of  soTie  (%1  in  10)  unsubstituted  Q-mannosyl  residues.  The  Smith-degradation  results 
shewed  that  the  g-mannosyl  residues  were  present  as  a  linear,  (1^3) -linked  backbone. 
These  structiiral  features  of  capsular  polysaccharide  371-3  can  be  represented  by 
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^3)-a-D-Manp-(l->3)-a-D-Manp-(1.3)-a-D-Manp-(l- 
^  2     -     ~  2 


+ 


^         1         i 

D-Xyip         D-Xylp         D_Gi,pA 


structural  formula  2,  which  does  not  show  the  very  sinall  proportion  of 
ixisubstituted  D-nBnnosyl  residues;  it  is  similar  to  the  structure  of  capsular 
polysaccharide~obtained  from  a  strain  of  C.  neoformans  serotype  A  by  Merrifield 
and  Stephen.  There  are  two  minor  differences  in  the  sugar  ratios  and  we  have 
no  evidence  foirm  seme  3 -linkages  in  the  g-mannan  backbone.  The  very  small 
proportion  of  unsubstituted  D-inannosyl  residues  detected  in  the  polysaccharide  of 
strain  No.  371-3  was  not  evident  in  polysaccharide  H. 

An  inrouncdiffusion  test  in  agar  gel  was  performed  with  sera  respectively 
raised  against  whole  cells  of  C.  neoformans  serotype  A  and  serotype  D.  Various 
preparations  of  serotype  A  and  serotype  D  polysaccharides  were  used  as  precipitins. 
The  polysaccharides  have  strong  cross-reactions,  and  cannot  be  distinguished 
frcm  one  another  by  this  test. 

These  studies,  together  with  results  from  our  previous  studies  show  some 
clear  differences  in  the  structures  of  the  capsiilar  polysaccharides  from  C. 
neoformans  serotypes  A  and  D,  and  C.  bacillisporus  serotypes  B  and  C,  and 
shown  in  formulas  3 — 7.  One  important  structural  feature  of  serotype  A  seems 
to  be  that  all  of  the  D-mannosyl  residues  in  the  main  chain  carry  a  single 
substituent,  and  there~are  very  f©v  (or  no)  unsubstituted  g-mannosyl  residues 
present.  In  contrast,  the  characteristic  feature  of  serotype  D  polysaccharide 
is  that  it  contains  a  substantial  proportion  of  unsubstituted  D-mannosyl  residues 
in  the  main  chain.  In  serotypes  B  and  C,  on  the  other  hand,  tEere  are  no 
unsbustituted  D-raannosyl  residues,  and  there  are  increasing  proportions  of 
disxabstituted  D-m.nnosyl  residues.  The  finding  that  polysaccharide  371-3 
(serotype  A)  contains  sane  unsubstituted  D-mannosyl  residues  ('^^l  in  10)  is 
interesting,  in  that  it  constitutes  a  feature  of  type  D  polysaccharide;  this 
supports  the  finding  of  Bennett  et  al.  that  sane  strains  could  type  as  A,  D, 
or  AD.   [Work  by  Drs.  KwDn-Chung~TNIAID) ,  Bhattacharjee  &  Glaudemans] 
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-*-3) -a-D-Manp- (1-^3) -a-D-Manp- (l-*3) -D-Manp- (1- 
°     2  '  2  2' 

t  +  + 

1  11 

6-D-GlcpA  D-Xylp  P-Xylp 


•■3  Man   1-^3  Man  l->-3  Man  l-»-3  Man   1^3  Man  l-> 
2  2  2 


Xyl                           Gl^A 

Xy\ 

4 

■3  )  -a-D-Manp-  ( l-i-3 )  -a-D-Manp- 
2                       -        2 
+                                 + 
1                                1 
6-D-Xylp                6-D-Xylp 

(l->3)- 

S-D-Xylp 
1 
+ 
4 
-a-D-Manp-(l 
2 
+ 
1 
6-D-GlcpA 

I 

6-D-Xylp  6-D-Xylp 

"1  1 

4-  4- 

4  A 

'■3)-a-D-Manp-(l-^3)-a-D-Manp-(lH-3)-a-D-Manp-(l- 

2                        -        2  =2 

i                 i  J 

6-D-Xylp                 6-D-XyIp  6-D-GlcpA 


0)-a-D-Manp-(l-*-3)-a-D-Manp-(l->3)-a-D-Manp-(l- 
2  "        2  - 

+  + 

1  1 

B-D-Xylp  6-D-GlcpA 
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Preparation  of  Two  Methyl  Deoxyfluoro-B-D-galactopyranosides  and  Their 
Interaction  With  Galactan  Specific  IgA  J539  Fab' 

2-Deoxy-2-fluoro-a-D-galactopyranosyl  fluoride  (^)  was  prepared  via 
3,4, 6-tri-O-acetyl-l , 5-anhydro-2-deoxy-D-lyxci-hex-l-entiol .  ,  Heating  of 
1  with  iTiethanolic  hydrogen  chloride  gave  crystalline  2,  the  H-n.m.r.  spectrum 
of  which  was  consistent  with  it  being  the  B  anomer. 

The  preparation  of  7  at  first  followed  the  known  preparation  of  methyl 
2,3  di-0-benzyl  4,6-0-benzylidene-3-D-glucopyranoside.  Removal  of  the 
benzylidene  group  with  aqueous  acetic  acid  yielded  two  products.  The  preponderant 
one  was  the  expected  methyl  2 , 3-0-dibenzyl-6-D-glucopyranoside  (^) ,  and  the 
lesser,  the  corresponding  6-acetate.  Compound  3  was  benzoylated  at  0-6  and 
the  resulting  corrpound  (4)  was  treated  with  methanesiilfonyl  chloride,  to  give 
methyl  6-0-benzoyl-2,3-di-0-benzyl-4-0-methylsulfonyl-B-D-glucopyranoside  (5) . 
Treatment  of  conpound  5  with  Amberlite  A-26-F  (3.5  meq.  of  F  /g  of  resin) 
yielded  nethyl  6-0-benzoyl-2, 3-di-0-benzyl-4-deoxy-4-fluoro-D-galactopyranoside 
(6) .  0-Deacylation ,  and  reductive  debenzylation  of  the  product  then  gave  7. 

Imnunoglobulin  J539  (Fab')  shows  ligand- induced  changes  in  the  tryptophanyl 
fluorescence.  We  therefore  explored  the  change  in  the  fluorescence  of  the  Fab' 
fragment  of  the  iramunlglobulin  on  addition  of  2  or  7.  Whereas  2  did  not  cause 
a  change,  7  did.  Double  diffusion  in  agar  showed  that  2  failed  to  inhibit  the 
precipitation  of  whole  J539  by  pneumogalactan .  Quantitative  estimation  of  the 
affinity  between  7  and  J539  Fab'  showed  a  K  of  750. 

Previously  it  had  been  found  that  methyl  B-D-galactopyranoside  has, 
with  J539,  a  K  of  10  .  The  diminution  in  affinity  on  going  from  the  un- 

substituted  D-galactoside  to  the  corresponding  4-deoxy-4-fluoro  derivative  7 
does  not  appear  sufficiently  large  for  us  to  propose  that  the  4-hydroxyl  group 
in  methyl  B-D-galactopyranoside  plays  a  significant  role  in  hydrogen-bond 
formation.  Rather,  we  expect  that  this  small  diminution  in  affinity  may 
reflect  a  size  effect. 

However,  the  finding  that  replacement  of  the  2-hydrQxyl  group  by  fluorine 
caused  conplete  cessation  of  binding  of  methyl  2-deoxy-2-fluoro-3-D-galactopyranoside 
to  J539  Fab'  indicates  that  the  2-hydroxyl  group  is  involved  in  hydrogen  bonding 
(as  a  hydrogen  donor)  to  the  protein.  Previoios  work  had  shown  the  importance  of 
the  2-hydroxyl  group  when  it  was  found  that  2-deoxy-D-galactose  appears  not  to 
bind.  Also,  it  had  been  found  that  nitrophenyl  B-D-galactopyranoside  shows  lower 
affinity  for  J539  than  the  corresponding  p-nitrophenyl  glycoside.  This  agrees 
with  the  present  finding,  because  intramolecular  hydrogen-bonding  of  the  2-hydroxyl 
group  to  the  closely  situated  o-nitro  group  would  lessen  the  availability  of  that 
hydroxyl  group  for  binding  to  the  protein.  [Work  by  Drs.  Ittah  and  Glaudemans] 
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Synthesis  of  Oligosaccharidic  Determinants  in  Glycoproteins 

A  conprehensive  program  of  synthesis  has  been  initiated  to  prepare  all 
di-saccharidic  determinants  (linked  to  a  carrier  protein)  which  occur  in  glyco- 
proteins. These  substances  will  be  used  to  obtain  monoclonal  iirmunoglobulins 
by  the  hybridoma  technique  in  order  to  build  up  a  library  of  monoclonal  Ig's 
so  as  to  investigate  cell  surfaces  in  the  process  of  pathological  transformations. 

There  are  two  main  kinds  of  glycoproteins.  The  0-glycoproteins  and  the 
N-glycoproteins .  Each  kind  has  a  "core"  or  invarian  (Inv)  oligosaccharide  onto 
vdiich  are  grated  the  variable  (Var)  antennas. 

To  date  we  have  prepared  three  determinant  oligosaccharides  (with  linkage 
arm  for  attachment  to  a  protein)  of  the  N-glycosyl  protein  type  (N-acetyl- 
lactosamic  variety) .  They  are: 

BDGal  1  ^  43-D-GlcNAc-O     NHCOCF 

3DGlcNAc  1  ^  2a-D-Man-0     NO 

aLFuc  1  ->  63-D-GlcNAc-O     NHCOCF 

[Work  by  Drs.  Ekborg,  Sone  and  Glaudemans] 

Does  IgA  J539  Bind  Galactosyl  Ligands  Near  the  Second  or  the  Third  Hypervariable 
Region  of  the  H-Chain? 

Work  in  this  laboratory  on  hybrid,  recombinant  inmunoglobulins  has  shown 
that  heavy  (H)  chain/light  (L)  chain  hybrids  of  anti-galactan  IgA's  S-10  and 
J539  bind  D-galactosyl  ligands  with  an  affinity  very  closely  resembling  that 
associated~with  the  affinity  of  the  donor  of  the  heavy  chain  with  the  same 
ligand.  Also,  the  fluorescence  behavior  of  the  hybrid  IgA's  on  binding  ligand 
parallels  that  of  the  donor  of  the  heavy  chain.  Thus,  the  first  si±isite  to  bind 
D-galactopyranosyl  residues  is  probably  more  associated  with  the  heavy  than  the 
light  chain  in  this  class  of  IgA's,  including  J539. 

Most  monoclonal  irtittunoglobulins  having  specificity  for  (l->6)-B-5-galactan 
have  amino  acid  sequences  that  are  remarkably  similar,  but  there  is  an  exception, 
namely,  IgA  S-10.  This  protein,  although  having  an  L-chain  sequence  wholly 
expected  for  an  anti-D-galactan ,  shows  remarkable  differences  from  other  anti- 
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galactans  in  the  sequence  of  one  of  its  Carplonentary  Determining  Regions  (CDR-3) 
of  the  H-chain,  v>^ere  six  out  of  its  seven  amino  acids  differ  fron  those  in 
J539.  Nevertheless,  S-10  does  bind  6-g-(1^6)-galactotriose  (Gal3) ,  and  does 
so  with  an  affinity  not  very  different  fron  those  of  other  anti-D-galactan  iimuno- 
globulins,  including  J539.  Thus,  it  is  possible  that  the  entire  CDR-3H  in  this 
class  of  proteins  is  not  involved  in  ligand  binding.  As  even  methyl  6-Q-galacto- 
pyranoside  (MeSGal)  causes  a  change  in  the  tryptophanyl  fluorescence  of  the  protein, 
and  as  there  are  only  two  solvent-exposed,  tryptophanyl  residues  (Trp  91L  and  Trp 
33H)  in  the  model  of  J539  Fv  (see  last  year's  report)  proposed  by  us,  it  appears 
probable  that  Trp  33H  is  mainly  involved  in  ligand- induced  perturbation.  This 
tryptophanyl  residue  33H  is  closely  associated  in  space  with  the  CDR2H.   In  this 
second  CDR  of  the  heavy  chains  there  are  three  residues  potentially  capable 
of  hydrogen  bonding,  namely,  Histidine  (52H) ,  Aspartic  Acid  (53H)  and  Asparagine 
(58H)  by  being  a  H-receptor.  We  have  previously  shown  (see  above)  that  the 
2-OH  of  methyl  6-D-galactopyranoside  is  likely  to  be  involved  in  H-bonding  to 
the  protein  by  H-donation.  Histidine  52H  cannot  be  involved  because  pH 
titration  curves  of  histidine  residues  (nmr)  in  the  absence  and  presence  of  ligand 
are  indistinguishable  (work  by  Drs.  Divek  &  Glaudemans) .  The  involvement  of 
aspartic  acid  53H  can  be  ruled  out  because  IgA  x  24  shows  the  same  pH-Ka  relation- 
ship for  binding  with  galactosyl  ligands  as  do  IgA's  J539,  X44  and  T601,  and  X24 
has  glycine  at  position  53H  instead  of  aspartic  acid.  Thus  it  appears  that 
position  58H  (asparagine)  may  be  involved.  [Work  by  Drs.  Sone  and  Glaudemans] 

Attenpts  to  Evaluate  Cross  Reactions  Using  Rabbit  Anticryptococcal  Antibody        | 

Our  laboratory  has  elucidated  the  structure  of  all  hitherto  unknown  types 
of  cryptococcal  polysaccharides  (see  this  and  earlier  reports) .  The  question 
of  cross  reactions  remains  intriguing  and  we  have  attempted  to  evaluate  this 
quantitatively  as  follows: 

Anti-cryptococcal  Type  D  antibody  was  raised  in  rabbits,  precipitated  frcm 
sera  with  aimonium- sulfate  and  purified  by  DEAE-Sephadex  chrcmatography .  It 
contained  two  plates  in  it  and  it  was  decided  to  purify  serum  antibody  by 
affinity  chromatography.  Columns  of  g-amino  6-D-glucuroside  linked  to  sepharose 
were  prepared  and  the  antibody  to  cryptococcus  neoformans  Type  D  were  isolated. 
This  purified  iraterial  shows  enhanced  fluorescence  only  in  the  presence  of  methyl 
6-D-glucuronide  (Ka  =  1.3  x  10   M  )  and  none  of  the  other  determinants  known  to 
occur  in  the  fungal  polysaccharide  appeared  to  show  measurable  ligand- induced 
f luroescence .   [Work  by  Drs.  Bhattacharjee  and  Glaudemans] 

Publications: 

Rudikoff,  S.,  Rao,  N.  D.,  Glaudemans,  C.  P.  J.,  and  Potter,  M. :  Kappa  Chain- 
joining  segments  and  antibody -combining  site  structural  diversity.  Proc.  Nat. 
Acad.  Sci.  USA,  77,  4270-4274,  1980. 
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Project  Description: 

Various  mouse  assay  procedures  are  utilized  for  initial  exploration  of  the 
analgesic  potential  of  molecules.   This  information  is  necessary  to  determine  a 
starting  point  for  their  further  investigation  at  the  Medical  College  of  Virginia 
and  the  University  of  Michigan.   Thus,  compounds  which  are  of  interest  are  examined, 
under  the  auspices  of  the  Commit*-ee  on  Problems  of  Drug  Dependence,  Inc.,  in  four 
rodent  antinociceptive  assays,  in  a  rodent  assay  for  narcotic  antagonist  activity, 
and  in  a  series  of  tests  in  the  rhesus  monkey.   These  are  single  dose  suppression 
studies,  precipitated  withdrawal,  primary  dependence  capacity,  self-administration 
and  drug  discrimination.   The  first  four  rhesus  monkey  studies  listed  are  used  to 
determine  the  dependence  liability  of  a  drug,  as  compared  with  morphine.   The  last 
test,  drug  discrimination,  is  used  to  attempt  to  differentiate  between  compounds 
and  determine  which  are  likely  to  produce  patterns  of  drug  abuse  in  man.   The 
binding  affinities  of  these  compounds  to  the  opiate  receptors  in  rat  brain  homo- 
genates,  electrically  stimulated  guinea  pig  ileum  and  mouse  vas  deferens,  are  also 
determined.   These  data  provide  objective  information  about  the  pharmacological 
action  and  possible  side-effects  of  potential  analgesics  before  human  clinical 
studies  are  undertaken. 

Some  of  the  compounds  of  practical  and/or  theoretical  interest  which  were 
examined  was  zomepirac,  an  antiinflammatory  analgesic  with  morphine-like  efficacy 
in  man,  and  THC-like  compounds  useful  as  anti-nauseants  for  cancer  patients.   Also, 
the  homobenzomorphan  group  of  analgesics  were  examined  and  some  of  them  were  found 
to  have  PCP-like  activity. 

Publications: 

1.   Jacobson,  A.  E. :   Biological  Evaluation  of  Compounds  For  Their  Dependence 
Liability.   IV.   Drug  Testing  Program  of  the  Committee  on  Problems  of  Drug  Depen- 
dence, Inc.,  1980.   Problems  of  Drug  Dependence  1980,  NIDA  Research  Monograph  34, 
Washington,  D.  C. ,  1981. 
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Direct  nitration  of  imipramine  in  acetic  acid  gave  the  2-nitro  or  2,8-dinitro 
derivative  depending  on  the  conditions  used.   These  compounds  were  determined 
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[  H] -imipramine  binding  to  high  affinity  sites  in  brain  and  platelet,  and  should 
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Both  enantiomers  of  a  methyl  substituted  phencyclidine  derivative  were 
synthesized  by  a  route  which  afforded  optically  pure  material  of  known  absolute 
configuration.   Phencyclidine  (PCP)  and  these  enantiomers  were  studied  using  both 
electrophysiological  and  behavioral  paradigms.   Stereospecif icity  (  5-fold)  was 
observed  for  the  methyl  derivatives.   Adrenergic  input  appears  to  be  involved 
in  PCP  induced  changes  in  pyramidal  neuron  discharge. 
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Project  Description: 

In  order  to  probe  the  mechanism(s)  through  which  the  tricyclic  antidepressant 
drugs  exert  their  effects  in  the  CNS,  we  have  developed  specific  irreversible  in- 
hibitors of  [  H]-imipr amine  binding  to  high  affinity  sites  in  brain  and  platelet. 
2-Nitroimipramine  and  2,8-dinitroiinipramine  were  synthesized  in  one  step  by  direct 
nit'^-atxon  of  imipramine  under  carefully  controlled  conditions.   These  drugs  were 
shown  to  selectively  inhibit  [  H]- imipramine  binding  and  serotonin  uptake  without 
altering  uptake  of  dopamine  or  norepinephrine,  suggesting  a  functional  relationship 
between  the  mechanism  of  action  of  tricyclic  antidepressants  and  the  serotonin  up- 
take site.   These  drugs  should  prove  quite  valuable  in  isolation  of  these  binding 
sites  and  thus  in  further  study  of  the  pathogenesis  of  depression.   Studies  aimed 
at  isolation  of  these  sites  are  currently  in  progress. 

We  are  also  studying  the  effects  of  phencyclidine  on  the  CNS  in  both  in  vitro 
and  in  vivo  systems.   As  probes  to  study  the  mechanism  of  action  of  this  drug  which 
is  achiral,  we  have  synthesized  the  optically  pure  enantiomers  of  the  closely  re- 
lated l-(l-phenylcyclohexyl)-3-methylpiperdine  (PCMP) .   Since  these  enantiomers 
were  prepared  from  (+)-and  (-)-3-methylpiperidine  of  known  absolute  configuration, 
the  absolute  configuration  of  (+)-  and  (-)-PCMP  was  established  as  R  and  S,  re- 
spectively.  In  addition  to  a  correlation  between  in  vivo  behavioral  effects  in 
the  mouse  rotarod  test  and  spontaneous  cerebellar  Purkinje  neuron  firing;  stereo- 
specificity  was  observed,  with  R-(+)-PCMP  being  5-7  times  more  potent  than  S-(-)- 
PCMD  in  these  two  tests.   Electrophysiological  effects  of  these  enantiomers  on 
hippocampal  CA-1  pyramidal  neurons  were  investigated  and  again,  R-(+)-PCMP  was 
substantially  more  potent  thatn  the  (-)-isomer  in  decreasing  the  firing  rate 
although  excitations  and  biphasic  responses  were  also  seen.   It  appears  the 
mechanism  of  PCP  induced  changes  in  pyramidal  neuron  discharge  involves  adrenergic 
input  to  these  cells  since  (1)  catechol  amine  depletion  by  reserpine  markedly 
increased  the  amount  of  PCP  needed  to  elicit  effects  on  cell  discharge  (2)  the 
a-adrenergic  antagonist  phentolamine  reversible  antagonized  PCP  induced  inhibitions 
in  CA-1  cell  firing  rate  but  did  not  seem  to  affect  excitations  (3)  timolol,  a  3- 
adrenergic  antagonist  did  not  affect  the  depressions  but  seemed  to  reversibly  anta- 
gonize the  PCP  induced  excitations.   Other  synthetic  and  biological  investigations 
in  this  area  are  in  progress. 

Publications: 

1.  Marwaha,  J.,  Palmer,  M. ,  Hoffer,  B. ,  Freedman,  R. ,  Rice,  K.  C. ,  Paul,  S., 
and  Skolnick,  P.:   Differential  Central  Nervous  Responses  to  Dextro  and  Levorota- 
tory  Isomers  of  l-(l-phenylcyclohexyl)-3-methylpiperidine  (PCMP):   Correlation  of 
Electrophysiological  and  Behavioral  Activity.   N.-S.Arch.  Pharmacol. ,  315,  203 
(1981). 

2.  Bickford,  P.  C. ,  Palmer,  M. ,  Rice,  K.  C. ,  Hoffer,  B.  and  Freedman,  R. :   Electro- 
physiological Effects  of  Phencyclidine  on  Rat  Hippocampal  Pyramidal  Neurons. 
Neuropharm. ,  in  press,  1981. 

3.  Paul,  S.  M. ,  Rehavi,  M. ,  Rice,  K.  C. ,  Ittah,  Y. ,  and  Skolnick,  P.:   Does  High 
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Platelets.   Life  Sciences,  28,  2753  (1981). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Much  insight  has  been  obtained  in  the  chemistry  and  pharmacology  (described 
under  project  ZOl  AM  19219-03LC  and  ZOl  AM  19228-02LC,  respectively)  of  the 
3-deoxymorphine  series.   Compounds  in  this  series  are  required  as  substrates  for 
selective  oxidation  at  C-3  which  will  afford  entry  into  the  natural  opium 
alkaloid  series.   Efforts  along  these  lines  are  in  progress  using  chemical  and 


microbial  oxidizing  agents 


Publications:   See  Projects  ZOl  AM  19219-03LC  and  ZOl  AM  19228-02LC 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Synthesis  of  cornigerine,  a  minor  alkaloid  present  in  Colchicum  autummale 
has  been  succeeded  and  the  original  structure  revised.   It  is  2,3-methylene- 
dloxy-    2, 3-didemethoxycolchicine.   Novel  N-deacetyl-N-acyl- colchicine  deriva- 
tives have  been  made.   Deacetamidocolchicines  are  definitly  not  very  active  in 
the  in  vivo  screen.   The  position  of  the  double  bond  in  dehydrodeacetamidocol- 
chlcines  could  be  assigned  to  the  5, 6-position. 
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Project  Description: 

Cornigerine,  a  minor  alkaloid  from  Colchicum  autumnal  has  been  proposed  to  be 
l,2-methylenedioxy-l,2-didemethoxycolchicine.   With  the  availability  of  phenolic 
aolchicine  congeners  and  their  successful  conversion  into  catechols  by  further 
treatment  with  cone,  sulfuric  acid,  we  were  able  to  prepare  both  1,2-methylenedioxy- 
1,2-didemethoxycolchicine  and  its  2,3-methylenedioxy  congener  by  partial  synthesis. 
Comparision  with  the  natural  alkaloid  showed  that  the  latter  was  completely 
dientical  with  the  natural  product  by  m.p.,  rotation,  nmr  and  ir,  wherease  the 
former  was  considerably  different.   It  should  be  noted  that  the  two  compounds 
could  not  separated  from  each  other  by  tic.   A  couple  of  novel  N-acylated  colchi- 
cines have  been  prepared  by  Dr.  lorio  at  the  Istituto  di  Sanita  in  Rome  and 
including  N-deacetyl-N-propionyl-  and  N-deacetyl-N-butyryl-colchicine.   The  pre- 
paration of  ester  derivatives  of  colchifoline  has  not  yet  been  successful,  but 
effort  towards  this  goal  are  continuing.   A  novel  series  of  cochicine  analogs 
including  the  ones  metioned  above  will  be  evaluated  in  vitro  (tubulin  binding 
assay)  and  in  vivo  (Leucocytic  P388  Leukemia  screen,  toxicity  in  mice).   The 
least  toxic  compound  found  thus  far  is  3-demethylcolchicine  and  further  chemistry 
will  center  around  this  compound.   Unnatural  (+) -colchicine  is  definitly  less 
toxic  than  colchicine,  binds  substantially  less  to  tubulin  and  album  and  was  found 
earlier  to  be  inactive  in  vitro  in  mitosis  inhibition.   This  suggests  that  the 
chirality  at  C-7  in  colchicine  is  important  for  the  noted  biological  activity  of 
colchicine. 

Publications: 

1.  Wolff,  J.,  Capraro,  H.  G. ,  Brossi,  A.  and  Cook,  G.  Hope:   Colchicine  Binding 
to  Antibodies,  J.  Biol.  Chem.  255,  7144-7148  (1980). 

2.  lorio,  M.  A.,  Molinari,  M.  and  Brossi,  A.,  Synthesis  of  Colchifoline  from 
Deacetylcolchiceine,  Can.  J.  Chem.  59,  283-284  (1981). 

3.  RBsner,  M. ,  Capraro,  H.  G. ,  Jacobson,  A.  E. ,  Atwell,  L. ,  Brossi,  A.,  lorio, 
M.  A.,  Williams,  T.  H. ,  Sik,  R.  H.  and  Chignell,  C.  F. :   Biological  Effects  of 
Modified  Colchicines,  J.  Med.  Chem.  lk_,    151-lii\    (1981). 
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SUMMARY  OF  WORK  (200  -ords  or  less  -  underline  keywords) 

The  first  total  synthesis  of  racemic  3-deoxy-7 , 8-dihydromorphine  has  been 
completed.   The  route  utilized  m-methoxyphenethylamine  as  starting  material  and 
employed  Grewe  cyclizatlon  of  a  hexahydroisoquinoline  as  the  key  step  which 
formed  the  4-hydroxymorphinan  carbon-nitrogen  skeleton.   Oxide  bridge  closure  of 
this  intermediate  followed  by  adjustment  of  the  oxidation  state  then  afforded 
racemic  3-deoxy-7, 8-dihydromorphine.   The  monobromo  product  obtained  by  treat- 
ment of  (-)-4-hydroxy-N-raethylmorphinan-6-one  with  1  mole  of  bromine  in  acetic 
acid  has  been  determined  to  be  the  1-bromo  derivative  by  X-ray  crystal  analysis. 
A  novel  oxide  bridge  closure  was  developed  during  this  work  that  affords  4,5- 
epoxymorphinan-6-ones  from  the  4-hydroxy  precursors  without  aromatic  bromination 
and  with  only  1  mole  of  bromine.   Pharmacological  evaluation  of  a  number  of 
compounds  prepared  in  this  work  is  reported  under  project  number  ZOl  AM  19228- 
02  LC. 
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Project  Description: 

Our  program  aimed  at  deliniation  of  the  structure-activity  relations  in  the 
3-deoxy  opioid  series  and  potential  utilization  of  these  materials  as  precursors  to 
totally  synthetic  opium  alkaloids  and  derivatives,  has  now  cumulated  in  the  first 
total  synthesis  of  racemic  3-deoxydihydromorphine.   Direct  condensation  of  3,5- 
dibenzyloxyphenylacetic  acid  with  m-methoxyphenethylamine  gave  the  corresponding 
amide,  which  after  Bishler-Napieralski  cyclization  and  sodium  borohydride  reduction, 
gave  the  expected  tetrahydroisoquinoline  in  high  overall  yield.   Birch  reduction 
of  this  intermediate  followed  by  N-formylation  and  Grewe  cyclization  gave  N-formyl- 
2.4-dihydroxymorphinan-6-one.   Oxide  bridge  closure  gave  the  corresponding  4,5-epoxy- 
derivative  which  after  acid  hydrolysis  of  the  amide  function,  and  concomitant 
debromination-N-methylation  afforded  2-hydroxy-4, 5-epoxy-N-methylmorphinan-6-one, 
and  isomer  of  dihydromorphinone.   Removal  of  the  2-hydroxy  group  gave  racemic 
4,5-epoxy-N-methylmorphinan-6-one  which  was  identical  with  material  prepared  from 
natural  morphine  by  TLC,  IR,  NMR  and  MS.   This  substance  was  quantitatively  reduced 
to  3-deoxydihydromorphine  with  lithium  tri(s-butyl)borohydride. 

Bromination  of  (-)-4-hydroxy-N-methylmorphinan-6-one,  prepared  from  natural 
morphine,  with  1  mole  of  bromine  in  acetic  acid,  afforded  the  corresponding  1- 
bromo  ketone,  the  structure  of  which  was  assigned  by   C-NMR  spectroscopy,  and 
confirmed  by  X-ray  diffraction  analysis  of  its  hydrobromide  salt.   It  is  likely 
that  monobromination  of  synthetic  (+)-2,4-dihydroxy:rN-f ormylmorphinan-6-one  (7) 
takes  in  principle  a  similar  course,  although  the   C-NMR  spectrum  of  the  primary 
reaction  product  could  not  be  measured  because  of  insolubility  in  commonly  used 
solvents.   Monobromination  of  (-)-4-acetoxy-N-f ormylmorphinan-6-one  of  the  natural 
series,  and  of  (+)-2,4-diacetoxy-N-formylmorphinan-6-one  of  the  synthetic  series, 
followed  by  treatment  of  the  monobrominated  ketones  with  potassium  carbonate  in 
methanol  resulted  in  closure  of  the  oxygen  bridge,  and  afforded  after  acid  hydroly- 
sis, the  corresponding,  4,5-epox3rmorphinan-6-ones.   This  variation  of  the  ring 
closure  reaction  represents  a  novel  and  convenient  method  to  convert  4-hydroxy- 
morphinan-6-ones  into  their  corresponding  4,5-epoxymorphinan-6-ones,  without 
involving  aromatic  bromination  and  with  only  1  mole  of  bromine. 

Publications: 

1.  Rozwadowska,  M.  D. ,  Hsu,  F.-L. ,  Jacobson,  A.  E.,  Rice,  K.  C.  and  Brossi,  A.: 
(-)-4-Hydroxy-N-formylmorphinan-6-one,  A  Versatile  Intermediate  for  the  Synthesis 
of  3-Deoxyopioids.   Can.  J.  Chem. ,  58,  1855  (1980). 

2.  Hsu,  F.-L.,  Rice,  K.  C.  and  Brossi,  A.:   Total  Synthesis  of  (+)-3-Deoxydihydro- 
morphine,  Helv.  Chim.  Acta. ,  62,  2042  (1980) . 

3.  Brossi,  A.,  Hsu,  F.-L.,  Rice,  K.  C. ,  Rozwadowska,  M.  D.,  and  Schmidhammer ,  H. : 
Structural  Determination  of  Brominated  Morphinan-6-ones  by   C  NMR  Spectroscopy. 

A  Novel  Closure  of  the  Oxygen  Bridge  with  4-Acetoxymorphinan-6-ones.   Helv.  Chim. 
Acta. ,  in  press,  1981. 
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This  program  has  been  terminated. 
Publications : 

1.  Acton,  N. ,  Brossi,  A.,  Newton,  D.  L.  and  Sporn.:   Potential  Prophylatic 
Antumor  Activity  of  Retinylidene  1,3-Diketones,  J.  Med.  Chem.  23,  805-809,  1980. 

2.  Acton,  N.  and  Brossi,  A.:   Oxidation  Products  of  Retinylidene  Dimedone, 
Helv.  Chim.  Acta  63.  1391-1395  (1980). 


3.   Acton,  N.  and  Brossi,  A.:   Retro-Aldo  Reaction  of  Retinylidene-1,3-Dike tones 
Correlation  with  Biological  Activity,  Helv.  Chim.  Acta  63,  1396-1399,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Work  is  continuing  at  a  somewhat  reduced  rate  to  further  define  the 

structural-activity  relations  in  the  hydroxylated  1-benzy 1-1, 2,3,4- tetrahydro- 

isoquinolxne  series  by  synthesis  of  racemic  and  chiral  members  of  this  group. 


The  synthesis  and  in  vitro  activity  of  these  compounds  in  the  dopaminergic, 
g-adrenergic  and  g- adrenergic  assay  systems  will  be  reported  in  due  course. 


Publication: 

Reden,  J.,  Ripka,  W.  C. ,  Rice,  K.  C. ,  and  Brossi,  A.:   4-Hydroxy-l,2,3,4- 
tetrahydrolsoquinolines:   Potential  Reacton  Products  of  Norepinephrine.   Adv. 
Exp.  Med.  Biol.,  126,  69  (1980). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Various  N-acyl  substituted  3-deoxydihydromorphines  were  prepared  to 
investigate  their  fungal  and  microbial  transformation.   Insolubility  in  commonly 
used  solvent  for  such  biotransformation  added  unexpected  difficulties  to  this 
project.   This  investigation  is  being  continued  with  3-deoxydihydronormorphine 
and  N-ethoxyacetyl-3-deoxydihydronormorphine,  which  both  were  soluble  in  aqueous 
systems. 

No  publication. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Two  alkylating  benzodiazepines,  shown  earlier  to  irreversibly  inhibit  the 
receptors  in  vitro  have  now  been  shown  to  afford  long  lasting  antagonism  of 
pentylenetetrazole  induced  seizures  in  vivo  (mice) ,  probably  through  covalent 
binding  to  the  receptors.   3-Hydroxymethyl- S-carboline  has  been  identified  as  an 
antagonist  to  the  anxiolytic  and  anticonovlsant  effects  of  Diazepam  at  doses 
which  do  not  elicit  overt  behavorial  effects.   R- (+) -and  S- (-) - ( 1 , 3-dimethylbuty][) 


5-ethylbarbituric  acids  were  synthesized  as  neuropharmacological  research  probes, 
by  a  route  that  insured  optical  purity  and  demonstrated  the  absolute  configura- 
tion.   These  enantiomers  showed  a  five-fold  difference  in  enhancement  of  Diazepaii 


binding  to  the  receptors.   Electrophysiological  examination  of  these  enantiomers 
is  in  progress  in  an  attempt  to  relate  electrophysiological  action  to  enhancement: 
of  benzodiazepine  binding  by  barbituates. 
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The  benzodiazepines,  of  which  Valium  is  representative,  have  been  known  for 
several  years  to  exert  anxiolytic,  anticonvulsant  and  muscle  relaxant  effects  by 
interaction  with  high  affinity  binding  sites  (receptors)  in  the  mammalian  CNS .   In 
order  to  further  elucidate  the  sequence  of  events  which  occurs  as  a  consequence  of 
receptor  occupation,  and  thus  the  mechanisms  through  which  the  theraupeutic  effects 
of  benzodiazepines  are  expressed,  we  have  synthesized  a  number  of  neuropharmaco- 
logical  probes  of  the  receptors.   Earlier  we  reported  synthesis  of  two  irreversible 
inhibitors,  Irazepine  and  Kenazepine,  of  benzodiazepine  receptors  which  we  used  to 
demonstrate  heterogenity  of  benzodiazepine  receptors  by  a  number  of  different  in 
vitro  methods.   We  now  report  these  compounds  are  also  active  in  vivo.   Intracere- 
broventricular  administration  of  these  alkylating  benzodiazepines  (20  nmol)  resulted 
in  a  complete  protection  against  convulsant  doses  of  pentylenetetrazole  (PTZ)  for 
at  least  one  hour,  and  a  statistically  significant  protection  for  at  least  two  and 
four  hours,  respectively.   In  contrast,  administration  of  the  non-alkylating  parent 
benzodiazepine  Ro-7/1986  or  diazepam  (20-60  nmol)  resulted  in  no  detectable  anti- 
convulsant effects  at  fifteen  minutes  post- injection,  the  earliest  interval  examined. 
These  results  suggest  that  alkylating  benzodiazepines  which  bind  to  brain  benzo- 
diazepine receptors  in  a  noncompetitive  (covalent)  fashion  in  vitro  may  exert  a 
long  lasting  anticonvulsant  effect  by  a  similar  mechanism. 

Specific  antagonists  for  opiates  and  other  CNS  drugs  have  proven  to  be  valuable, 
and  in  some  cases,  life  saving  antidotes  for  overdose  (e.g.  naloxone).   The  report 
that  6-carboline-3-carboxylic  acid  ethyl  ester  showed  high  affinity  for  the  benzo- 
diazepine receptor  ±n   vitro  prompted  us  to  examine  a  number  of  6-carbolines  with 
hopes  that  a  specific  antagonist  for  benzodiazepines  could  be  identified.   We  have 
recently  found  that  3-hydroxymethyl-g-carboline  (K    1470  nm)  antagonizes  the 
anxiolytic  and  anticonvulsant  effects  of  Dizepam  in  mice  at  doses  which  do  not  elicit 
overt  behavioral  effects.   Furthermore,  this  hydroymethyl  derivative  antagonizes  the 
anxiolytic  effects  of  meprobamate  and  pentobarbital  in  a  newly  developed  behavioral 
system  (J.  Crawley)  for  detecting  anxiolytic  activity  and  antagonism  of  such  activity. 

Examination  of  other  6-carbolines  in  this  work  revealed  that  the  S-formyl 
derivative  also  antagonized  the  pharmacological  effects  of  Diazepam.   Certain  of  the 
6-carbolines  studied  showed  Hill  coeficients  significantly  less  than  unity  confirming 
our  earlier  report  of  heterogenity  of  benzodiazepine  receptors.   Fur the  work  is  in 
progress  to  define  structural  activity  relations  in  the  6-carboline  area  and  to 
exploit  the  antagonist  effects  toward  benzodiazpeines  shown  by  certain  compounds  in 
this  series. 

The  relationship  between  the  barbiturate  enhancement  of  Diazepam  binding  and 
the  mode  of  ac'::on  of  barbiturates  has  been  under  investigation  since  the  demonstra- 
tion (Skolnick)  of  this  effect  earlier.   It  seemed  particularly  of  interest  to 
examine  the  enantiomers  of  5-(l, 3-dimethylbutyl)-5-  ethylbarbituric  acid  (DMBB) 
since  an  earlier  report  by  others,  using  optically  impure  enantiomers,  indicated 
that  the  (+)-isomer  was  a  convulsant  and  the  (-)-isomer  was  a  depressant.   We 
synthesized  these  enantiomers  by  a  route  that  insured  optical  purity  and  demon- 
strated the  absolution  configuration  unquivocally  as  R-(+)  and  S-(-).   These 
enantiomers  exhibited  a  five  fold  difference  in  enhancement  of  benzodiazepine       ^ 
binding  and  are  currently  being  examined  using  electrophysiological  techniques  in   V 
an  effort  to  relate  electrophysiological  action  to  the  neurochemical  phenomenon  of 
barbiturate  enhancement  of  benzodiazepine  binding. 
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It  was  apparent  from  our  former  data  on  receptor  binding  affinity  that  oxygen 
atoms  on  the  aromatic  ring,  or  on  the  C-ring,  were  unnecessary  for  binding  to  the 
opiate  receptor.   3,6-Dideoxydihydromorphine  (1^)  had  ca,  one- third  the  binding 
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it  is  not  critical  to  that  event.   The  4-methoxy-N-methylmorphinan-6-one  (2^)  has 
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manyfold  more  potent  as  an  analgesic  than  could  be  assumed  by  its  in  vitro  bind- 
ing affinity.   Thus,  to  rationalize  its  quite  evident  potency  in  vivo,  codeine 
can  be  said  to  be  transported  with  greater  facility  than  morphine  to  brain  receptor 
sites,  and  metabolically  cleaved  to  morphine,  the  active  molecular  species). 
Although  similar  arguments  can  be  used  with  any  phenolic  ether  it  is  not  necessary 
to  do  so  with  2^.   The  in  vivo  activity  of  2_   can  be  rationalized  simply  by  facile 
transport,  in  comparison  with  the  comparable  phenol,  to  the  receptor  sites.   Meta- 
bolism probably  need  not  be  invoked  to  explain  in  the  vivo  potency  of  !_   as  an 
antinociceptive. 
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Quantities  of  racemic  and  optically  active  perhydrohistrionicotoxins  have 
been  prepared  by  total  synthesis.   The  (-)-enantiomer  proved  to  be  identical 
with  the  naturally  derived  material.   The  finding  that  (+) -2-desamylperhydro- 
histrionicotoxin  has  the  same  biological  activity  as  (+)-R^^-B.TX   led  to  an 
investigation  regarding  structure-activity-relationship  showing  that  the  presence 
of  a  basic  amine  function  properly  spaced  to  the  alcohol  or  ketone  moiety  was 
important  to  find  activity  in  vitro.   The  (+)-2-desamyl  derivative  was  not  very 
toxic  to  mice. 
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Structure-activity-relationship  investigations  in  the  histrionicotoxin  series 
of  compounds  was  carried  out  with  (-f-)-2-desamylperhydrohistrionicotoxin,  which  is 
easier  to  get  than  perhydrohistrionicotoxin  itself  and  equally  bioactive.   The 
material  obtained  by  LAH  reduction  of  Kishi's  lactam,  was  crystalline  and  con- 
vertible into  a  crystalline  hydrobromide  salt,  but  was  chemically  impure.   The 
preparation  of  hydrobromide  salt,  investigated  by  a  single  crystal  X-ray  crystallo- 
graphic  study,  revealed  that  their  is  strong  hydrogen  bonding  in  this  molecule 
between  OH,NH  and  the  proton  of  HBr  which  seem  to  make  a  clean  conversion  of  base 
to  salt  difficult  because  of  the  competing  forces.   Nevertheless  enough  material 
could  be  prepared  for  making  N,0  substituted  derivatives,  quaternary  salts  and 
ketone  derivatives  by  oxidation.   The  ketones  are  rather  unstable  towards  acid 
and  base  and  rearrange  to  compounds  having  a  decahydroquinoline  skeleton.   Pre- 
liminary data  obtained  in  the  sciatic  nerve  preparation  of  the  frog  indicates  that 
it  is  important  to  have  a  basic  nitrogen  function  and  proper  sterochemistry  of  the 
alcohol  moiety.   The  study  has  not  yet  been  completed. 

The  first  total  synthesis  of  naturally  derived  (-)-perhydrohistrionicotoxin 
was  accomplished  by  reaction  of  the  Kishi  lactam  with  S-(+)-a-methylbenzyliso- 
cyanate,  affording  two  diastereomeric  carbamates  which  could  be  separated  by  HPLC. 
The  chemicall  pure  esters  could  be  hydrolyzed  to  afford  (+)-  and  (-)-enantiomers 
of  Kishi's  lactam  of  excellent  optical  quality.   The  synthesis  of  the  naturally 
derived  perhydro  compound  followed  methods  already  elaborated  by  Kishi  and  gave  in 
the  final  reduction  step  a  mixture  of  two  epimers  which  were  shown  to  be  (-)-per-    | 
hydrohistrionicotoxin  and  its  (-)-2-pentyl  epimer,  obtained  in  a  ration  of  7:3. 
Separation  could  readily  be  accomplished  by  chromatography  on  silica  gel  and  both 
compounds  could  be  obtained  in  form  of  crystalline  hydrochlorid  salts.   The  same 
procedure  repeated  with  the  (+)-enantiomer  of  Kishi's  lactam  gave  (+)-perhydro- 
histrionicotoxin  and  its  (+)-2-pentyl  epimer  in  a  similar  fashion.   The  hydrochlorid 
of  synthetic  (-)-perhydrohistrionicotoxin  proved  to  be  identical  in  every  respect 
with  material  derived  from  natural  sources  (reduction  of  histrionicotoxin  or  iso- 
dihydrohistrionicotoxin) .   A  comparision  between  (-)-  and  (+)-series  in  the  in 
vitro  assay  showed  that  the  representatives  of  the  natural  series  are  more  active. 
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Aromatization  of  optically  active  1-benzyltetrahydroisoquinolines  was 
accomplished  by  heating  the  TIQ  in  toluene  over  Pd/C  catalyst.   Direct  catalytic 
reduction  of  aromatic  maicrials  could  not  be  accomplished  but  aromatic  iso- 
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Reaction  of  mef loquine-aziridine  with  acetic  anhydride  afforded  the  known 
N,0-diacetyl  derivative.   Hydrolysis  with  aqueous  ammonia  in  methanol  gave  the 
known  N-acetyl  derivative.   Both  were  found  to  be  inactive  as  antimalarials . 
Mefloquine  belongs  to  the  group  of  antimalarials  represented  by  quinine. 

Project  has  been  terminated. 


Publications: 


Rosner,  M. ,  Brossi,  A.  and  Silverton,  J. 
925-933  (1981). 


Heterocycles  15, 


PHS-6040 


190 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 

HEALTH  AND  HUMAN  SERVICES 

PUBLIC  HEALTH  SERVICE 

NOTICE  OF 

INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 
ZOl   AM  19233-02LC 


PERIOD   COVERED 

October  1,  1980  to  September  30,  1981 


TITLE  OF  PROJECT  (80  characters  or  less) 

Total  Synthesis  of  Opioids  via  Dihydrothebainone  and  Derivatives 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI: 


K.  C.  Rice 


Research  Chemist 


NIADDK-LC 


COOPERATING   UNITS    (if   any) 
None 


lab/branch 

Laboratory  of   Chemistry 


SECTION 

Medicinal  Chemistry 


INSTITUTE  AND  LOCATION 

NIADDK,  NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 

0.5 


PROFESSIONAL: 

0.5 


CHECK  APPROPRIATE  BOX(ES) 
n  (a)   HUMAN  SUBJECTS 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  previously  reported  total  synthesis  of  racemic  dihydrothebainone, 
nordihydrocodeinone  and  dihydrocodeinone  developed  here,  which  optionally 
provides  access  to  either  the  N-methyl  or  N-nor  series,  has  been  extended  to  the 
(_)_series  of  natural  opioid  absolute  configuration.   This  has  resulted  in  an 
efficient,  practical  total  syntheiss  of  the  corresponding  (-)-isomers  despite 
initial  solubility  problems  in  the  (-)-series.   Since  (-) -dihydrothebainone  and 
(-) -dihydrocodeinone  can  be  converted  to  natural  morphine,  codeine  and  thebaine 
by  established  procedures,  this  development  potentially  renders  production  of 
all  medically  valuable  opiates  possible  by  total  synthesis.   Thus,  in  principle, 
these  results  could  finally  eliminate  our  total  dependence  on  foreign  sources  of 
opium,  the  traditional  raw  material  for  medical  opiates.   Work  is  continuing  in 
this  area  and  data  currently  available  indicate  the  overall  yield  of  natural 
codeine,  morphine  and  thebaine  from  m-methoxyphenethyl  amine  will  be  10-30%  with 
only  5-8  isolated  intermediates. 
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Project  Description: 


The  remarkable  pharmacological  effects  of  opium  were  recognized  In  ancient 
times  and  for  many  centrales  this  substance  was  the  mainstay  of  the  practicing 
physician.   Even  today,  natural  (-)-morphlne,  (-)-codelne  and  other  opium  deriva- 
tives are  still  an  important,  if  not  indespensable  group  of  drugs  for  the  effec- 
tive practice  of  modern  medicine.   The  rising  U.S.  annual  production  and  use  of 
opium  derivatives  currently  stands  in  excess  of  60,000  kg,  with  worldwide  consump- 
tion at  about  200,000  kg/year  of  which  about  90%  is  codeine.   In  this  country,  the 
sole  source  of  these  drugs  has  been  extracts  of  the  opium  poppy,  Papaver  somni- 
ferum,  purchased  abroad,  principally  from  India.   The  consequences  of  total 
dependence  on  foreign  sources  of  natural  product  were  graphically  illustrated 
during  the  opium  shortage  of  1973-5,  when  the  U.S.  Government  was  forced  to  release 
large  portions  of  the  strategic  materials  reserves  of  opium  to  domestic  processors 
in  order  that  requirements  of  this  country  could  be  met.   Practical  production  of 
opium  derivatives  by  total  synthesis  is  thus  a  desirable  capability,  which  could 
render  this  country  independent  of  foreign  sources,  and  would  afford  a  number  of 
new  options,  particularly  in  the  event  of  armed  conflict  in  the  areas  of  poppy 
production  or  in  the  case  of  national  emergency.   A  number  of  other  ramifications 
of  such  a  capability,  as  in  the  area  of  illicit  heroin  control,  can  also  be  envis- 
ioned.  Straightforward  methodology  for  synthesis  of  intermediates  which  could  be 
utilized  for  production  of  medical  opiates  by  total  synthsis  has  now  been  developed 
and  is  briefly  summarized  below  . 

The  preliminary  disclosure  from  this  laboratory  which  recently  described  the    I 
successful  execution  of  a  modified  Grewe-type  synthesis  of  racemic  dihydrothe- 
bainone,  nordlhydrocodeinone  and  dihydrocodeinone  in  37,  30  and  29%  overall  yield 
respectively,  from  m-methoxyphenethylamlne  has  now  been  extended  to  the  natural 
series  by  virtue  of  a  facile  high  yielding  optical  resolution  of  the  Intermediate 
phenolic  l-benzyl-1,2, 3,4-tetrahydroisoquinoline.   Solubility  considerations 
required  modification  of  the  sequence  in  the  optically  active  series,  however,  the 
yield  of  (-)-l-bromonordihydrothebalnone,  the  key  intermediate,  are  now  essentially 
identical  in  both  the  racemic  and  chiral  series.    This  route  utilizes  free  phenolic 
intermediates  throughout,  obviating  the  several  addition  steps  for  protecting  and 
deprotectlng  the  hydroxyl  which  are  usually  needed.   It  requires  isolation  of  only 
six  intermediates  (that  are  obtained  sufficiently  pure  for  further  transformation) 
and  optionally  affords  access  to  either  the  N-methyl  or  N-nor  series.   The  (-)- 
enantiomer  of  dihydrothebalnone  has  been  converted  by  others  to  natural  codeine 
in  68%  overall  yield  without  isolation  of  intermediates,  to  natural  thebalne  in 
somewhat  higher  yield,  and  conversion  of  codeine  to  morphine  (90%  yield)  in  this 
laboratory  has  been  described.   Thus,  this  work  appears  to  be  particularly  promis- 
ing for  practical  total  synthesis  of  all  medically  valuable  opioids,  since  the 
entire  spectrum  of  this  series  consists  of  morphine,  codeine,  their  transformation 
products  and  the  drugs  based  on  thebalne.   Further  work  in  this  area  is  in  progress, 
including  scale  up  of  the  route  to  synthesize  50-lOOg  quantities  of  (+)-naloxone 
and  unnatural  (+)-morphlne  as  pharmacological  research  tools.   The  large  scale 
work  is  being  conducted  at  Research  Triangle  Institute  (Dr.  F.  I.  Carroll)  under 
the  auspices  of  NIDA.   Based  on  the  data  available  so  far  it  now  appears  that  the 
overall  yields  of  natural  codeine  and  morphine  from  m-methoxyphenethylamlne  will 
be  in  the  range  of  10-30%.   The  interests  of  the  U.S.  Government  in  the  area  of     I 
opiate  total  synthesis  as  described  here  have  been  protected  by  U.S.  and  foreign 
patent  applications. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Sorms  pyrrolizidine-3 , 5-dlone  could  be  converted  into  5-substituted 
pyrrolidine-2-ones .   Reduction  of  the  dilactam  with  LAH  afforded  a  crystalline 
carbinolamide  which  behaved,  depending  on  the  reaction  conditions,  as  a  carbinol- 
amide  or  its  open  aldehyde.   Condensation  with  acetoacetlc  acid  gave  a  mixture 
of  two  5-acetonyl  substituted  pyrrolizidlne-3-ones .   The  major  component  was 
converted  into  3-n-propyl-pyrrolizidlne .   The  sterochemistry  of  this  pyrrolizi- 
dine will  be  solved  by  Roentgen  analysis  of  an  appropriate  halide  salt. 
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Project  Description: 


Anatoxin-a  is  an  interesting  agonist  of  the  acetylcholin  receptor.   Two 
synthesis  have  been  reported,  neither  of  which  is  ideal  to  make  larger  quantities 
of  material  needed  for  biological  investigations. 

V 

We  considered  the  Sorm  dilactam=3,5-diketopyrrolizidine,  readily  available 
from  a-amino  pimelic  acid  by  double  cyclization,  a  conveniant  material  to  enter  the 
2,5-disubstituted  pyrrolidine  series  as  well  as  the  3,5-disubstituted  pyrrolizidine 
series.   It  was  planed  to  convert  the  dilactam  by  reduction  with  LAH  into  a  carbinol- 
amide,  to  ract  the  latter  with  acetoacetate,  to  protect  the  introduced  carbonyl 
functionality  by  ketalization  and  to  convert  the  amide  into  the  carbinolamine  by 
reduction  with  LAH.   The  resulting  product,  provided  that  it  contained  the  correct 
2,5-cis-stereochemistry  is  beliedved  to  undergo  ring  opening  and  possibly  direct 
condensation  to  afford  (+)-anatoxin-a.   The  results  thus  far  achieved  make  this 
novel  approach  worthy  to  be  continued:   The  carbinolamide  obtained  from  Sorm  s 
dike tone  in  40%  yield,  behaves  like  a  bicyclic,  but  also  like  a  ring  open  pyrroli- 
done  aldehyde,  depending  on  the  reaction  conditions  applied.   Borohydride  reduction 
afforded  exclusively  the  4-hydroxypropyl-pyrrolidone-2  in  quantitative  yield. 
Reaction  with  dinitrophenylhydrazine  gave  the  2,4-dinitrophenylhydrazone  of  the 
ring  open  aldehyde.   Etherif ication  with  ethanol  in  the  presence  of  acid  afforded 
the  etheramide  and  condensation  with  acetoacetic  acid  at  pH  3  gave  the  expected 
condensation.   The  product  turned  out  to  be  a  mixture  of  three  components,  2 
isomeric  5-acetonyl-pyrrolizidine-3-ones  and  a  ring  open  unsaturated  ketone.   The 
latter  could  be  converted  with  acid  into  the  thermodynamically  more  stabile  acetonyl- 
derivative.   The  two  5-acetonyl  derivatives  could  be  separated  by  chromatography 
over  as  silica  gel  as  thioketals.   The  latter  will  be  desulfurized  and  converted 
into  3-n-propylpyrrolizidine.   The  sterochemistry  of  one  of  these  pyrrolizidine 
can  hopefully  be  assigned  by  single  crystal  X-ray  analysis  of  an  appropriate  salt. 
With  this  information  the  stage  is  set  not  only  for  marching  towards  anatoxin-a, 
but  also  towards  3,5-disubstituted  pyrrolizidines,  recently  detected  in  ant  species. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

1.  Histrionicotoxin  and  its  congeners  has  become  such  an  important  probe  folr 
the  study  of  ion  (potassium)  movement  in  (nicotinic)  acetylcholine  receptors  that 
the  demand  for  this  compound  exceed  supply.  In  order  to  close  this  gap  a  sub- 
stitute was  sought  and  found  in  the  form  of  phencyclidine  and  analogs  obtained  by 
functionalization  of  photochemically  formed  cage  compounds.  2.  A  novel  powerful 
cholinergic  agonist  has  been  discovered  in  the  toxic  principle  of  the  cyanophyte 
Anabaene  flos-aquae,  viz. ,  the  rigid  bicyclic  homologous  tropane  aminoketone  ana- 
toxin-a.  This  alkaloid  has  now  been  characterized  as  the  most  useful  agonist  and 
substitute  for  acetylcholine  on  nicotric  receptors,  e.  A  synthesis  of  the  toxir 
of  the  lady  but,  adaline  has  been  worked  out  by  intramolecular  1,3-dipolar  addi- 
tion of  a  suitably  substitued  piperidine  nitrone.  4.  In  collarobation  with  the 
Section  on  Medicinal  Chemistry  (Dr.  Brossi,  Takahashi)  simplified  analogs  of  his- 
trionicotoxin have  been  synthesized  for  extensive  electrophysiological  and  pharms 
cological  evaluation. 
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Project  Description: 

Objectives :   To  find  known  or  new  natural  toxins  with  selective  action  on  ion 
transport  in  muscarinic  and  nicotinic  acetylcholine  receptors  or  on  transport  of 
sodium,  potassium  or  calcium  in  voltage-sensitive  channels  of  electrogenic  membranes 
in  nerve  and  muscle. 

Methods  Employed:   Ultraviolet  irradiation,  flash  photolysis  thin-layer 
chromatography,  silica  gel  and  ion  exchange  column  chromatography,  paper  chromato- 
graphy and  electrophoresis,  UV,  IR,  NMR  and  mass  spectrosocpy . 

Major  Findings:   Anatoxin-a,  a  bicyclic  amine  isolated  from  blue-gree  alga, 
binds  to  the  nicotinic  acetylcholine  receptor  of  Torpedo  electric  tissue,  thereby 
inducing  conformational  changes  in  the  postsynaptic  receptor-ion  channel  complex 
as  evidence  by  alterations  in  the  binding  of  radiolabeled  ligands  to  the  complex. 
Anatoxin-a  binds  to  the  acetylcholine  recognition  site  (K,  =  0.1-0.2  yM)  as  indicat- 
ed by  its  competitive  inhibition  of  specific  [  H] acetylcholine  and  d- [  H] tubocurarine 
binding.   Anatoxin-a  stimulates  the  binding  of  three  physiologically  identified  "ion 
channel  blockers,"  [  H] perhydrohistrionicotoxin,  [  Hjphencyclidine,  and  [  H]phen- 
cyclidine  methiodide.   The  50%  effective  doses  for  these  effects  range  from  0.14  to 
0.28  yM,   Incubation  of  Torpedo  membranes  with  anatoxin-a  before  addition  of  a  radio- 
labeled channel  probe  produces  a  time-  and  concentration-dependent  attenuation  of 
the  binding  compared  to  the  situation  in  which  anatoxin-a  and  the  probe  are  added 
simultaneously.   The  time  course  for  the  elaboration  of  this  decrease  corresponds 
to  electrophysiological  measurements  of  ana toxin- a- induced  desensitization  of 
neuromuscular  junction  responses.   In  these  nicotinic  actions,  anatoxin-a  is  about 
as  potent  as  acetylcholine.   Anatoxin-a  has  relatively  low  affinity  for  the  mus- 
carinic acetylcholine  receptors  of  rat  brain,  inhibiting  3- [  H]quinuclidinyl 
benzilate  binding  (10    M)  by  50%  at  concentrations  between  10  and  20  yM.   In 
contrast  to  classical  muscarinic  agonists,  anatoxin-a  displays  little  regional 
selectivity  in  its  binding  and  its  receptor  affinity  is  unaltered  by  alkylation  of 
the  neural  membranes  with  N-ethylmaleimide. 

Sifnificance  to  Biomedical  Research:   Agonists  are  involved  in  the  gain  or  loss 
of  receptors,  i.  e. ,  synaptic  plasticity.   Such  action  has  clinical  implications 
for  learning,  memory  and  sleep  patterns. 

Proposed  Course:   Discovery  and  synthesis  of  further  toxins  as  tools  in 
neurobiology. 

Honors :   Annual  "Rektorats-Vorlesung",  University  of  Basel,  April  1981. 
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Hino,  T.  and  Witkop,  B. :   Dye-sensitized  Photooxygenation  of  Tryptophan:   3a- 
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Hydroperoxyprroloindole,  a  Labile,  Metabolic  Precursor  of  Formylkynurenine. 
Pharmaceutical  Bulletin  (Japan),  in  press. 
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6.  Witkop,  B.:   The  chemist's  magic  bullets.   Monograph  in  honor  of  Professor 
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Biologists  and  Chemists,  Japan  Scientific  Societies  Press,  Tokyo,  1981. 
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microenvironmental  probe  at  the  active  site  of  trypsin  (Extrinsic  cotton  effects 
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112,  403-409,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Interferon- induced   enzyme  activities    such  as   the  oligo (2 '^5 ') adenylate 
synthetase,    the   67K  dalton  protein  kinase  and   oligo(2 '->-5' )    A  phosphodiesterase 
are   investigated   with  a   goal  of  understanding   their  role   in   the  action  of 
interferon,    the   induction     of    interferon   by  double- stranded   RNA  and,    perhaps, 
control   of   cell   growth  and  differentiation.      An  efficient   high  yield   chemical 
synthesis  of   adenylyl(2'^5' )adenylyl(2'->5')adenosine    (2',5'-oligo  A  core)    has 
been  completed    to  give  material    identical  with  that    isolated   from  biological 
sources.      High  levels  of   oligo(2 '^5' )adenylate  synthetase  have  been  found    in 
human  lymphoblastoid   cell   lines   such  as  Namalwa  and   1788. 
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Project  Description:  ^ 

Objectives:  The  structural,  conformational  and  biochemical  bases  that 
account  for  the  observed  stringent  structural  requirements  for  nucleic  acid 

interferon  induction  is  sought.  Interferon- induced  enzymes,  especially 
those  apparently  dependent  on  nucleic  acids  for  activation,  are  studied  in 
order  to  understand  them  as  nucleic  acid  receptor  systems  as  well  as  to  elucidate 
their  fundamental  cellular  role.  Particular  emphasis  is  currenUy  placed  on 
understanding  the  phenorenon  of  the  dsRNA-mediated  inhibition  of  protein  synthesis 
in  interferon- treated  cells.  The  role  of  structure  in  determining  the  biological 
activity  of  (2 '-5')  oligo  A  is  also  under  investigation. 

The  antiviral  and  antimetabolic  properties  of  new  nucleoside  analogs  is  also 
under  investigation,  on  a  collaborative  basis. 

Methods  E^loyed:  Thin-layer,  paper,  ion-exchange,  gel  and  other  types  of 
column  chrcmatography,  liquid  scintillation  counting,  ultracentrifugation, 
ultraviolet,  visible,  infrared  and  nuclear  magnetic  resonance  spectroscopy, 
mass  spectroscopy,  circular  dichroism,  tissue  culture,  gel  electrophoresis, 
high  performance  liquid  chrcmatography. 

Sunmary  of  Work:   Interferon- induced  enzyme  activities  such  as  the  (2*^5') 
oligoadenylate  synthetase,  the  67K  Dalton  protein  P  kinase  and  (2 '^5' )oligo- 
adenylate  phosphodiesterase  are  investigated  with  trie  goal  of  understanding  their 
role  as  the  action  of  interferon,  the  induction  of  interferon  by  double- stranded    i 
RNA  and,  perhaps,  control  of  cell  growth  and  differentiation.  A  new  method  of     | 
5 ' -phosphorylation  of  nucleotides  and  oligonucleotides  has  been  developed  using 
the  reagent  bis (2,2, 2-trichloroethyl ) phosphorochloridite .  This  reagent  has 
been  used  to  prepare.  5^'  H>-monophosphoryladenylyl  (2  '-^5  ' )  Adenylyl  (2  '-^5 ' )  Adenosine 
which  has  been  shewn  to  be  an  antagonist  of  the  action  of  (2 '^5')  oligo  A  and 
double-stranded  RNA.  Its  mode  of  antagonism  involves  prevention  of  the  action  of 
the  2-5  A-activated  ribonuclease.  An  enzyme  linked  inmunoassay  (ELISA)  procedure 
has  been  developed  to  analyze  for  (2*^5')  oligo  A  in  incubation  mixtures  frcm 
cell  extracts.   In  addition,  a  rapid  assay  for  the  (2 '-^5' ) oligo  A  phosphodiesterase 
has  been  developed. 

Major  Findings: 

Synthesis  of  2-5A 

Last  year  vie   reported  a  chemical  synthesis  of  the  "core"  of  2' ,5 '-oligo (A) ; 
i^. ,  A2'p5'A2'p5'A.  Vie   have  been  successful  in  the  preparation  of  the  5'-irono- 
and  tri-phosphosphate  of  "core",  specifically,  p5'A2 •p5'A2 'p5'A  and  ppp5A2'p5'- 
A2'p5'A  (for  structure,  see  Scheme  1).  To  acccnplish  this  objective,  a  new 
phosphorylating  agent  was  developed.  Bis (2, 2, 2-trichloroethyl) phosphorochloridite 
was  found  to  be  a  useful  reagent  for  the  phosphorylation  of  protected  nucleosides 
and  oligonucleotides  especially  when  the  phosphate  blocking  group  was  2,2,2- 
trichloroethyl  and  the  hydroxyl  protecting  group  was  t-butyldinethylsilyl!  Thus 
conpounds  2a,  2b,  2c ,  2f  and  2g  could  te  phosphorylated  to  the  corresponding 
5  -phosphotriesters  4a,  4b,  4c,  4f  and  4g  in  yields  of  75-99%  (Scheme  2)  . 

S°r!  ?c  ?^   Protecting  groups  (to  give  the  5 ' -monophosphates  6a,  6b,  6c,  6f      ( 
and  6£)  (Scheme  3)  was  achieved  by  zinc-copper  couple/2, 4-pentandIon^  Il¥    ~~ 
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treament  to  renove  the  2 , 2 , 2-trichloroethyl  group  and  tetrabutylaitrnonium  fluoride/ 
STSStrrent  to  reinDve  the  t-butyldiii^thylsilyl  groups.  A  methcd  was  found  that 
nLSTSeSaration  of  reproducil^ly  active  zinc^opper  couple.  As  a  hydroxyl 
SSSi^gT^up'^e  ii^propylideAe  nx3iety  was  somewhat  less  useful  in  conjunction 
S?rSrLfSbis(2,2,2-trichloroethyl)phosphorc^hloridite.  Thus,  upon  phos- 
Soryla^iS  of  2d  and  2e,  the  phosphotriesters,  4d  and  4e  were  obtained  in 
SS^  of  83%  aEd  61%  -effectively.  Deblcx:king  of  the  isopropylidene  groups 
Ls  accorplished  with  formic  acid  at  room  temperature  to  give  6a  and  6b  axi  yields 
3  tS^  70%  respectively.  The  5  • -ptosphorylated  2 '-5 'linked  oligonucleotides 
6f  and  6g  were  converted  to  the  corresf^nding  5 '-triphosphates  to  give  ccmpounds 
Ti  and  li  which  are  found  in   extracts  of  interferon-treated  cells  upon  incubation 
v^th  douEle- stranded  RNA. 

Biological  Activities  of  the  Above  Svnthetic  Products:  Antagonism  of  the 
Action  of  2-5A 

Double-stranded  RNA  (dsRNA)  is  a  potent  inhibitor  of  protein  synthesis  in 
cell- free  extracts  of  interferon-treated  cells.  TWo  separate  dsRNA-dependent 
phenomena  have  been  associated  with  this  inhibition:   the  first  phenonenon  is 
the  induction,  by  interferon  treatment,  of  a  dsRNA-activated  kinase (s)  which 
jiiosphorylates  a  65-67,000  Dal ton  protein  (protein  P  )  and  the  small  (cO  subunit 
of  eukaryotic  initiation  factor  2  (eIF-2) ;  the  second  phenomenon  is  the  induction 
by  interferon  of  an  enzyme  referred  to  as  2 ' , 5 ' -oligoadenylate  (2-5A)  synthetase 
(polymerase)  which  synthesizes  2-5A  from  ATP  in  the  presence  of  dsRNA.   In  the     | 
former  case,  phosphorylation  of  the  a-subunit  of  eIF-2  is  believed  to  decrease, 
either  directly  or  indirectly,  its  ability  to  engage  in  initiation  complex  formation 
with  a  40  S  ribosomal  subunit,  GTP  and  Met-tRNA  .   In  the  latter  case,  the  syn- 
thesized 2-5A  activates  a  latent  endonuclease  which  degrades  mRNA  with  a 
preference  for  cleavage  after  UA  or  UU  sequences. 

While  both  of  the  above  enzymic  activities  (protein  P,  kinase  and  2-5A 
synthetase)  can  be  demonstrated  readily  in  extracts  of  interferon-treated  cells, 
it  presently  is  unkown  which,  if  either,  mechanism  is  of  primary  inportance  in 
mediating  the  inhibition  of  translation  caused  by  dsRNA.  Moreover,  either  or 
both  of  these  systems  may  be  involved  in  the  antiviral  state  induced  by  inter- 
feron in  the  intact  cell.  For  instance,  interferon-treated  virus- infected 
cells  contain  substantially  higher  levels  of  2-5A  than  do  cells  which  have  been 
interferon-treated  or  -untreated  or  virus-infected.  Furthermore,  a  mutant  cell 
line  of  NIH-3T3  cells  has  been  found  which  is  not  protected  against  EMC  virus 
infection  by  interferon  and  does  not  possess  2-5A-activated  endonuclease 
activity.   In  addition,  widespread  occurrence  of  the  2-5A  system  in  a  variety 
of  cell  types  under  diverse  conditJ.ors  has  suggested  its  possible  involvement 
in  various  aspects  of  cellular  regulation  or  differentiation. 

We  have  found  that  5'-0-Monophosphoryladenylyl (2 '^■5')adenylyl (2'^5')adenosine 
I  (2'-^5')  (pA) -]  (Scheme  3,  6gy  antagonizes  the  protein  synthesis  inhibitory 
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effects  of  5 ' -0-triphosphoryladenylyl  (2 ' ->5 ' )  adenylyl  (2  '-^S ' )  adenosine  (2-5A) 
(Scheme  1,  lb)~by  preventing  activation  of  the  2-5A-activated  ribonuclease 
v^*iich  degrades  mRNA.  The  oligoribonucleotide  (2 '^5')  (pA)  ^  also  antagonizes  the 
translational  inhibitory  capacity  of  poly (I) -polyCO  in  extracts  of  interferon 
treated  L  cells,  suggesting  that  2-5A  is  the  primary  mediator  of  the  protein 
synthesis  inhibitory  effects  of  poly (I) -poly (C)  in  this  cell-free  system. 

A  Rapid  Convenient  Assay  for  2-5A  Phosphodiesterase 

The  2-5A  system  has  an  additional  conponent,  a  2,5-A  phosphodiesterase,  which 
effects  negative  control  by  degrading  2,5-A  to  5' -ATP  and  5 '-AMP.  Studies  on 
the  partially  purified  phosphodiesterase  have  shown  it  to  have  a  preference 
for  cleavage  of  2 ' , 5 ' -phosphodiester  bonds  but  not  to  be  dependent  on  base 
sequence.  This  enzyme  is  also  able  to  cleave  the  CCA  terminus  of  tRNA 
thereby  reducing  its  amino  acid  acceptance  activity. 

A  rapid  and  convenient  assay  for  adenylyl(2'^5' )adenosine(2' ,5'-ApA) 
or  adenylyl (3 '^5') adenosine (3' ,5 '-ApA)phosphodiesterase  activity  has  been 
developed.  The  dinucleotides  3',5'-ApA  and  2',5'-ApA  were  labeled  to  a  high 
specific  activity  by  means  of  a  catalytic  exchange  procedure.  Degradation 
studies  of  these  labeled  dinucleotides  showed  an  asymmetrical  distribution  of 
lable  between  the  two  adenine  bases.  Enzymic  degradation  of  [  H]-3',5'-ApA  or 
[  H] -2 ' , 5 '  -ApA  could  be  followed  by  first  digesting  the  reaction  products  with 
bacterial  alkaline  phosphatase  and  then  adding  a  slurry  of  DEAE-Sephadex .  Under 
the  conditions  eitployed,  adenosine  did  not  adsorb  to  the  resin  whereas  dinucleo- 
tides as  well  as  AMP  did  adsorb.  As  a  consequence,  when  liquid  scintillation 
fluid  was  added  to  the  DEAE-Sephadex-reaction  mixture  slurry,  the  radio- 
activity of  the  dinucleotides  and  AMP  was  severely  quenched.  This  permitted  a 
direct  estimation  of  the  amount  of  adenosine  liberated  during  the  phosphodiesterase 
degradation  and  subsequent  alkaline  phosphatase  digestion. 

Enzyme-Linked  Immunoassay  (ELISA)  for  2-5A 

Our  reasons  for  developing  this  assay  include  the  following: 

i)  For  routine  quantitation  of  2-5  (A)  synthesized  in  vitro  by  2-5  (A) 
in  various  cell  extracts  and  during  2-5  (A)  synthetase  purification 
scheme.  This  method  would  resiiLt  in  a  substantial  savings  in  money, 
time  and  effort  over  the  method  now  employed  (Inhibition  of  ETCV 
RNA  directed  protein  synthesis) .  With  automated  systems  one  coiiLd 
easily  assay  up  to  25  samples  in  duplicate  in  less  than  6  hours,  which 
includes  4.5  hours  of  incrubation  times. 

ii)  For  the  detection  of  2-5 (A)  synthesized  in  vivo  in  various  cells  (mouse 
L,  human  lymphoblastoid,  human  leiikocytes)  under  various  conditions  (+ 
IFN,  stage  of  growth  or  differentiation,  leukanias,  +  viral  infection". 
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iii)  As  a  inodel  system  for  studying  antibody-nucleic  acid  interactions, 
to  determine  the  role  of  nucleotide  sequence  and  position  of  the 
phosphodiester  bond  in  the  formation  of  an  antigenic  determinant, 

iv)  To  provide  a  rapid,  convenient,  and  inexpensive  system  and  positive 
control  antisera  for  screening  of  hybridoras;  monoclonal  antibodies 
may  provide  specific  "single  species"  reagents  to  use  as  probes  to 
measure  various  2-5 (A)  oligoners. 

In  order  to  develop  an  effective  imnunogen,  a  new  method  was  introduced 
to  link  an  oligoribonucleotide,  namely  (2'-*5)  (pA)^,  to  methylated  bovine 
serum  albumin  (mBSA)  .  This  involves  activation  of  the  5 '  -terminal  phosphate  of 
(2 '-^5')  (pA)   as  an  imidazolide  and  reaction  of  the  imidazolide  with  the  primary 
amino  groups  of  mBSA.  In  addition,  adducts  of  (2'-*-5')  (pA)^  with  BSA  were 
prepared  by  periodate  oxidation  of  the  nucleotide  followed  by  Schiff  base  formation 
and  borohydride  reduction. 

Rabbit  antisera  screened  to  date  may  be  divided  roughly  into  three  groups: 

(a)  Strong  preference  for  (pA  )  over  core; 

(b)  Mild  preference  for  (piA-,)  over  core; 

(c)  Mild  preference  for  core  over  (pA  ) . 

The  ELISA  procedure  thus  developed  can  currently  measure  (2 '^5')  (pA  ) 
dcwn  to  30  nM  (6  picanole)  and  "core"  (A2 'p5'A2'p5A)  down  to  concentrations 
of  15  nM  (3  piconoles)  .  This  procedure  can  be  used  to  measure  2,5A  produced 
in  synthetase  assays  in  our  laboratory  and  the  concentrations  obtained  via 
this  KT.TSA  technique  agree  very  well  with  results  determined  by  the  more 
laborious  protein  synthesis  inhibition  system. 

Interferon  Induction  (with  A.  M.  Bobst,  E.  De  Clercq) 

Poly (inosinic  acid) .poly (cytidylic  acid)  duplexes  of  which  the  (C)   strand 
was  modified  to  various  degrees  chemically  or  enzymatically  with  nitroxiae 
radicals  (spin  labels)  v\ere  evaluated  for  interferon-inducing  activity. 
Upon  annealing  of  the  chemically  modified  (C)  ,  (?.C,C  )   [x  =  1000  or  16]  , 
with  (I)   the  interferon-inducing  activity  was  similar  ?o  that  of  (I)  . (C) 
in  PRK  cell  cultures.  However,  to  overcome  hydrolysis  of  the  spin  laBel  ^ 
linkage  in  (?x:,C  )  ,  an  enzymatic  approach  was  taken  to  synthesize  (fcs  U,C  ) 
copolymers  with  ^  5  100,  38,  16,  and  8.  The  (i'.sTJ,C  )   copolymers       ^  '^ 
vere  chemically  stable  and  upon  annealing  with  (I)  fei  correlation 
time  of  the  nitroxide  moiety  in  (I)  .  (?.s  U,C  )  wa§  determined.  A  corparison 
of  this  correlation  time  with  that  Measured  ^oP  (RUGT,  U^  )  .  (A)  ,  which  cen- 
tals  the  nitroxide  moiety  in  position  5  of  the  U  moiety;  suggests  that  the 
X.S  u  residue  is  in  a  non-intrahelical  conformation  and  partitions  the  duplex 
into  double  helical  gegments  of  varying  size.  The  interferon-inducing 
activity  of  (I)^"  ^'''^^'^x^n  ^^  evaluated  in  PRK,  HSF{VGS),  and  mouse  L-929 
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4 
cell  cultures  as  well  as  in  rabbits.  The  £s  U  residue  did  not  cause  a 
significant  change  in  the  interferon  induction  as  corpared  to  (I)^. (C)^  in  nrast 
systems  tested  unless  x  <  16.  These  findings  indicate  that  double  helical 
segments  of  about  16  base  pairs  partioned  by  non-intrahelical  £s  U  residues 
suffice  to  trigger  the  interferon  response  in  all  systems  studied. 

Nucleosides  as  Antiviral  and/or  Antitumor  Agents  (with  E.  De  Clercq,  M.  P  Mertes) 

Various  5-substituted  2 ' -deoxycytidines  (dCyd) ,  including  5-bromo-dCyd, 
5-iodo-dCyd,  5-nitro-dCyd,  5-ethynyl-dCyd,  5-propyl-dCyd,  (E)-5-(2-bromo- 
vinyl)-dCyd  and  (E)-5-(2-iodovinyl)-dCyd,  were  evaluated  for  their  antiviral 
and  antimetabolic  properties  in  primary  rabbit  kidney  (PRK)  cell  cultures 
and  for  their  inhibit02ry  effects  on  itiurine  L1210  cell  proliferation.  All  dCyd 
analogues  proved  to  be  selective  inhibitors  of  herpes  irrplex  virus  (HSV) 
replication:  S-bromo-dCyd,  5-iodo-dCyd,  5-nitro-dCyd  and  5-ethynyl-dCyd  were 
iTDre  selective  in  their  anti-HSV  activity  than  the  corresponding  5-substituted 
2'-deoxyuridines  (dUrd) ,  \A*iereas  5-propyl-dCyd,  (E)-5-(2-bromovinyl)-dCyd  and 
(E)-5-(2-iodovinyl)-dCyd  were  as  selective  as  their  dUrd  counterparts.  The 
dCyd  analogues  were  also  less  cytotoxic  (for  both  PRK  and  L1210  cells) ,  as 
could  be  monitored  by  inhibition  of  either  cell  proliferation  or  host  cell 
DNA  synthesis  (incorporation  of  radiolabelled  precursors) .  Of  all  5- 
substituted  2 ' -deoxycytidines  tested,  the  (E)-5-(2-halogenovinyl)  derivatives 
emerged  as  the  inost  potent  and  selective  inhibitors  of  HSV  (type  1)  replication. 

Several  years  ago,  we  described  a  novel  route  to  the  nucleoside  5-nitro-2'- 
deoxyuridine  and  found  it  to  be  a  potent  antiviral  and  cytotoxic  agent  which 
blocks  thymidylate  synthetase,  an  important  target  enzyme  in  cancer  chemotherapy. 

5-Nitro-2 ' -deoxyuridine  5 '-phosphate  (N0„  dUmP)  was  found  to  be  mechanism 
based  affinity  label  for  thymidylate  synthetase  purified  from  amethopterin 
resistant  Lactobacillus  casei.  The  second  order  rate  constant  for  inactivation 
of  the  enzyme  by  NO  dUmP  was  calculated  tobe2.3xl0  L  mole  sec  .  Substrate 
protection  studies  provide  evidence  that  NO  dLfmP  inactivates  the  enzyme  reaction 
at  the  active  site. 

From  model  studies  comparing  adduct  formation  between  the  title  ccrapound 
(N0„  dUmP)  and  either  2-mercaptoethanol  or  the  enzyme,  the  catalytic  cysteine 
thiol  group  of  the  enzyme  is  substantially  iriore  reactiv^  than  2-mercaptoethanol 
for  addition  to  the  conjugated  carbonyl  function  of  NO  ~ 


dUraP. 


Significance  to  Bicmedical  Research  and  the  Program  of  the  Institute: 
Studies  described  herein  have  led  to  better  understanding  of  the  mechanism  of 
interferon  action.  They  may  also  help  unravel  certain  celltilar  control 
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irechanisms  that  may  be  important  not  only  as  an  antiviral  defense  but  perhaps 
also  in  the  control  of  growth,  differentiation  and  development  and  perhaps 
neoplasia.  Interferon  is  spontaneously  produced  during  the  course  of 
certain  auto-iimiune  diseases  such  as  systemic  lupus  erythematosus,  rheumatoid 
arthritis,  scleroderma  and  Sj(Sgren's  syndrone. 

Future  Directions 

Future  directions  include  various  approaches  to  develop  derivatives  of  2-5A 
and  its  congeners  which  may. be  effectively  taken  up  by  cells.  Structure 
activity  relationships  for  activation  of  the  2-5  A-activated  endonuclease  will 
be  pursued  with  the  aim  of  developing  more  effective  activators  or  antagonists 
of  the  enzyme.  Modifications  of  the  base,  sugar  and  phosphate  linkage  will 
be  explored.  Leads  from  the  Mouse  L  cell  system  will  be  applied  to  the 
rabbit  reticulocyte  systems  in  order  to  gain  a  more  general  appreciation  of 
translational  regulatory  mechanisms. 

Publications: 

Epstein,  D.  A.,  Torrence,  P.  F.  and  Friedman,  R.  M. :   Inhibition  by  Double- 
Stranded  RI^  of  a  Phosphoprotein  Phosphatase  Present  in  Interferon  Treated 
Cells.  Ann.  N.  Y.  Acad.  Sci.  350:  605-606,  1980. 

Johnston,  M.  I.,  Freidman,  R.  M.  and  Torrence,  P.  F.:   2 ' ,5'-01igoadenylate 
Synthetase:  A  New  Assay  and  Preliminary  Structure-Activity  Relationship  for 
Enzyme  Activation  by  Nucleic  Acids.  Ann.  N.  Y.  Acad.  Sci.  350:  603-604,  1980. 

Johnston,  M.  I.,  Friedman,  R.  M. ,  and  Torrence,  P.  F.:   Interferon- induced 
Oligo (2 '-5') -Adenylate  Synthetase.  Adsorption  to  and  Assay  on  2',5'-ADP- 
Sepharose.  Biochemistry  19:   5580-5585,  1980. 

Johnston,  M.  I.,  Zocn,  K.  C,  Friedman,  R.  M.,  De  Clercq,  E.  and  Torrence,  P.  F.: 
Oligo (2 '-5') adenylate  Synthetase  in  Human  Lynphoblastoid  Cells.  Biochem. 
Biophys.  Res.  Cami.  97:   375-383,  1980. 

De  Clercq,  E.,  Balzarini,  J.,  Torrence,  P.  F.,  Mertes,  M.  P.,  Schmidt,  C.  L., 
Shugar,  D.,  Barr,  P.  J.,  Jones,  A.  S.,  Verhelst,  G.  and  Walker,  'R.  T. : 
Inhibitory  Effects  of  5-Substituted  2 ' -Deaxyuridines  on  Mouse  Leukemia  L1210 
Cells  in  Culture.  Molo  Pharmacol.  19:   321-330,  1981. 

Huang,  G.-F.,  Okada,  M.,  De  Clercq,  E.  and  Torrence,  P.  F.:  Synthesis  and 
Antiviral  Activity  of  5-Cyananethyleneoxy-2'-deoxyuridine.  J.  Med.  Chem.  24: 
390-393,  1981. 

Chang,  C.T.-C.,  Maggiora,  L.,  Torrence,  P.  F.  and  Mertes,  M.  P.:  5-Nitro-2'- 
deoxyuridine  5 ' -phosphate :  A  Mechanism  Based  Affinity  Label  for  Thymidylate 
Synthetase.  J.  Amer.  Chem.  Soc.:   in  press. 
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Torrence,  P.  F.:  MolecixLar  Foundations  of  Interferon  Action.  Molecular 
Aspects  of  Medicine:  In  Press. 

Huang,  G.-F.  and  Torrence,  P.  F.:  1- (2-Deoxy-g-erythro-pentofuranosyl)- 
5-nitrouracil  (5-nitro-2'-deoxyuridine)  and  Its  5 'Monophosphate.  Nitration 
of  a  Pyrimidine  Nucleotide  with  Nitronium  Tetrafluoroborate  in  Sulfolane. 
In  Townsend,  L.  B.  and  Tipson,  R.  S.  (Eds.) :  Nucleic  Acids  Research.  New  York 
J.  Wiley  and  Sons,  in  press. 

Imai,  J.  and  Torrence,  P.  F.:  Bis(2,2,2-trichloroethyl)phosphorochloridite: 
New  Reagent  for  the  Phosphorylation  of  Nucleosides  and  Oligonucleotides. 
In  Townsend,  L.  B.  and  Tipson,  R.  S.  (Eds.):  Nucleic  Acids  Research. 
New  York,  J.  Wiley  and  Sons,  in  press. 

Torrence,  P.  F.:  Chonistry  and  Biochemistiry  of  Purine  and  Pyrimidine  Nucleosides 
as  Antiviral  and  Antitumor  Agents.   In  Ottenbrite,  R.  and  Butler,  G.  B.  (Eds.) : 
Synthesis  and  Properties  of  Antitumor  and  Interferon  Inducing  Agents.  New  York, 
N.  Y.  Marcel-Dekker,  in  press. 

Torrence,  P.  F.  and  De  Clercq,  E.:   Interferon  Induction  by  Nucleic  Acids: 
Structure-Activity  Relationship.  In  Carter,  W.  A.  and  Came,  P.  (Eds.):   Interferons 
a  volume  of  Handbook  of  Experimental  Pharmacology.  New  York,  N.  Y. ,  Springer- 
Verlag,  in  press. 

Bobst,  A.  M. ,  Langemeier,  P.  W. ,  Torrence,  P.  F.,  and  De  Clercq,  E.:   Interferon 
Induction  by  Poly (inosinic  Acid) .poly (cytidylic  acid)  Partitioned  by  Spin 
Labels.  Biochemistry:   In  Press. 

Torrence,  P.  F.,  Imai,  J.  and  Johnston,  M.  I.:  5'-0-Phosphoryladenylyl (2'^5' )- 
Adenylyl (2'-^5')  Adenosine  Is  An  Antagonist  of  the  Action  of  2' ,5'-01igoA(2-5A) 
and  Double-Stranded  RNA.  Proc.  Nat'l.  Acad.  Sci.  USA:  In  Press. 

De  Clercq,  E.  and  Torrence,  P.  F.:  Structural  Requiranents  of  Polynucleotides 
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in  Biology  and  Medicine:  In  Press. 
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SUMMARY  OF  WORK  (200  «ords  or  less  -  underline  keywords) 

Esters  of  the  4-piperidinol  systems  have  been  synthesized  for  pharmacological 
and  biochenical  study.  Two  CNS  classes  have  been  found:   (1)  non-addicting 
analgesics  (mice.  Rhesus  monkeys);  (2)  antiepileptics  (mice).  The  analgesic 
receptor  xs  being  studied  using  bovine  brain  hanogenates .  Arecolone 
methiodide  is  a  very  potent  nicotinic  agonist  in  the  rectus  abdominus 
muscle  assay.  Substituted  pyrrole  carboxylic  acids  have  shown  antiinflairmatorV 
activity  ( car ageenin- induced  edana  in  rats) .  Quantitative  structure-activity 
relationships  have  been  made. 
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Project  Description: 

Objectives:  To  study  the  biochemical  and  pharmacological  actions  of 
non-addicting  analgesics,  antiepileptics ,  nicotinic-muscarinic  agonists 
and  antiinflammatory  agents. 

Methods  Employed:  AromatJc  esters  at  the  4-piperidinol  system  have  been 
studied  for  analgesic  agonist  interactions  in  bovine  brain  honogenate  prepara- 
tions. Compounds  of  this  general  type  have  also  been  evaluated  for  anti- 
epileptic  activity  using  MES  and  s-Met  assays  in  mice.  Acetyl  dehydro- 
piperidines  have  been  evaluated  as  nicotinic  agonists  in  the  frog  rectus 
abdominus  assay.  Heteroaramatic  carboxylic  acids  have  been  assayed  for 
antiinflaitnatory  activity  using  conventional  methods. 

Major  Findings:  The  analgesic  compounds  show  a  high  degree  of  specific 
binding  "in  bovine  brain  hcmogenates.  They  do  not  bind  to  the  opiate  receptor 
and  unlike  the  opiates,  their  binding  capacity  is  not  influenced  by  Na  ions. 
Several  2-aryl  substituted  benzoate  esters  of  l-methyl-4-piperidinol  show 
antiepileptic  activity  ccmparable  with  or  greater  than  that  of  Dilantin. 
Arecolone  methiodide,  in  preliminary  studies,  appears  to  be  one  of  the 
most  potent  of  the  nicotinic  agonists,  being  seven  times  more  potent  than 
carbachol . 

Significance  to  Bicmedical  Research:  New  analgesics  which  lack  physical 
dependence,  abuse  liability  and  other  side-effects  of  the  morephine-type 
narcotics  are  needed  for  clinical  use  and  for  use  in  addition  programs.  The 
recent  finding  of  long-term  toxic  effects  of  some  of  the  standard  anti- 
epileptics  (i.e. ,  Dilantin)  increases  the  need  for  drugs  with  greater  CNS 
selectivity.  Arecolone  methiodide  is  a  valuable  cholinergic  drug  since  it 
is  highly  potent  and  cannot  be  inactivated  by  cholinesterases .  The  study  of 
these  substrates  at  specific  receptor  sites  will  provide  a  better  \inderstanding 
of  their  biochemical  mechanisms. 

Proposed  Course:  Further  study  of  the  non-opiate  analgesic  receptor 
involving  new  agonist-agonist  displacements  in  various  brain  homogenates  is 
planned.  An  asymmetric  arecolone- type  and  other  3-acetyl-3,4-dehyropiperidine- 
type  conpounds  will  be  synthesized.  NINCPS  continues  to  examine  several 
canpounds  in  their  advanced  antiepileptic  assays. 

Publications : 

Davis,  J.  S.,  Waters,  J.  A.  and  Parmer,  S.  S."  Antiinflammatory,  Antiproteolytic , 
and  Antihemolytic  Properties  of  PYrrole  Carboxylic  Acids.  Pharmacology,  in  press. 

Cheng,  C.  Y. ,  Brochmann-Hanssen,  E.  and  Waters,  J.  A.:  Quantitative  Structure- 
Activity  Relationships  of  Aromatic  Esters  of  l-Methyl-4-Piperidinol  as 
Analgesics.  J.  Med.  Chan.,  submitted  for  publication. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  new  Indolizidine  synthesis  based  upon  acyl  alkoxy cyclopropane  chemistry 
provided  all  four  diastereoisomers  of  the  frog  skin  alkaloid,  GTX-223AB.   Samples 
of  three  of  these  diastereomers  provided  by  groups  under  Hart  (Ohio  State)  and 
Macdonald  (Vanderbilt)  permitte-^  the  assignment  of  structures  to  allfour  dia- 
stereomers.  The  synthetic  hydrogenation  mixture  and  coinjections  with  the  naturap. 
frog-skin  alkaloid  led  to  the  assignment  of  the  5E,9E  configuration  to  it  and 
confirmed  the  3-butyl-5-propylindolizidine  structure  proposed  by  Daly  and  co- 
workers in  1978.   Side-chain  hydroxylated  congeners  are  likely  to  have  the  same 
5//,9E  configuration. 
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Project  Description: 

Objectives;   A  novel  3,5-disubstituted  indolizidine  was  discovered  by  Daly  and 
co-workers  in  1978  in  the  skins  of  a  number  of  species  of  Dendrobates  histrionicus. 
Insufficient  material,  however,  was  available  from  the  natural  source  for  a  structure 
proof  by  spectroscopic  or  X-ray  methods  and  necessitated  a  proof  by  synthesis. 

Major  Findings :   The  acyl  alkoxycyclopropane  la  and  the  aminoacetal  2a  were 
employed  in  a  new  pyrrole  synthesis  to  proved  _3a  in  approximately  40%  yield.   The 
pyrrole  acetal  was  cyclized  to  the  dihydroindolizine  4^,  then  reduced  with  a  rhod- 
ium- on-  alumina  catalyst  to  a  mixture  of  the  four  possibel  indolizidine  diastereomers 
5a-8a.   The  two  major  diastereomers,  5a.  and  6a,  could  be  purified  by  silica  chromo- 
graphy.   At  this  time,  we  received  samples  from  Hart  (6a,  7a)  and  Macdonal  (8a) 
which  permitted  the  assignment  of  structures  to  the  four  hydrogenation  isomers. 


If-* 

lib.'  R=  Pr 


Ob  ;  R^  Bu.         X'^ie^.^,  h 


/Jz 


3^:    ti--'^u  R.'=  Pr 

3b  :  R=  Pr'  R'-Bv^ 


^/2y. 


With  all  four  diastereomers  characterized,  we  than  examined  the  frog  skin  extract 
from  a  D.  histrionicus  species  found  in- Columbia.   Coinjection  with  the  synthetic 
mixture  led  to  enhancement  of  the  last  G.C.  peak  corresponding  to  the  5E,9E  struc- 
ture ^a.   Addition  of  Macdonalds  diastereomer  8a  led  to  further  enhancement.   We 
conclude  from  this  observation  that  the  natural  alkaloid  very  likely  has  the 
structure  represented  by  8a.   Combined  G.C. -mass  spectrometry  provided  additional 
support  for  this  assignment.   The  mass  spectrum  (E.I.)  for  8a  resembles  very  closely 
that  of  the  natural  material.   To  further  support  our  structural  assignment,  the 
"iso"  series  of  diastereomers  5b-8b,  was  synthesized  from  lb  +  _2b  in  analogous 
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fashion.   Even  though  these  chromographed ,  peak-  for-peak,  with  the  mixture  5a-8a 
above,  the  mass  spectrum  (E.I.)  of  8b  was  different  enough  from  8a  and  the  natural 
material  to  exclude  this  structure  from  consideration.   This  alternative  structure 
had  been  considered  unlikely,  in  any  event,  on  the  basis  of  biosynthetic  consider- 
ations. 

We  have,  thus,  confirmed  the  gross  structure  originally  proposed  by  Daly  et 
al  for  this  alkaloid  and  have  shown  the  stereochemistry  to  be  that  as  depicted  in 
8a.   This  indicates  a  stereochemical  relationship  to  the  pumiliotoxin-C  class  of 
alkaloids  in  the  orientation  of  the  piperidine  ring  substituents  adjacent  to  the 
nitrogen  atom,  rather  than  to  the  gephyrotoxin  class.   In  all  likelihood,  the  two 
side  chain  hydroxylated  alkaloids,  major  alkaloids  in  these  frogs,  will  also  prove 
to  be  of  the  5E,9E  configuration. 

Hydrogen  peroxide  oxidation  of  the  synthetic  hydrogenation  mixture  5a-8a  can 
be  followed  easily  by  G.C.  Conversion  to  the  N-oxide  proceeds  at  a  different  rate 
for  each  isomer,  the  rate  evidently  reflecting  steric  hindrance  at  the  nitrogen 
atom.   Surprisingly  theisomer  lz_,    which  should  be  the  least  hinbered  (two  axial 
substituents)  if  the  indolizidine  is  in  the  usually  most  stable  trans-fused  con- 
formation, reacts  at  roughly  the  same  rate  as  8a.   This  may  support  the  view  of 
Sonnet,  et  al.,  based  upon  spectroscopy,  that  such  indolizidines  prefer  the  cis- 
fused  conformation. 

One  suprising  observation  which  will  be  studied  futher  is  that  chloroform      i 
solutions  of  la  and  Lb  on  standing,  exposed  to  air,  are,  in  the  course  of  a  few     ' 
days,  converted  to  4-ketoacids.   4-Ketoaldehydes  are  intermediates  and  it  may  be 
that  intramolecular  participation  of  the  ketone  in  the  enol  form,  facilitates  this 
process . 

Proposed  Course: 

1.  Reduction  of  the  dihydroindolizine  ka^   by  chemical  procedures,  e.g.  metals 
in  acid,  metal-amine  reductions  etc.  will  be  studied  as  a  means  of  increasing  the 
proportion  of  the  desired  8£  isomer. 

2.  HPLC  systems  will  be  studied  as  a  means  of  obtaining  amounts  of  8a  for 
biological  testing. 

3.  Homologs  and  analogs  of  8a  will  also  be  tested. 

4.  The  synthesis  of  side-chain  hydroxylated  derivatives  of  8a  will  be  under- 
taken if  the  chemical  reduction  of  ka_   to  8a  proves  possible. 

5.  Deuterated  indolizidines  (a-to  ring  in  either  C(3)-butyl(propyl)  or 
C(5)-butyl(propyl)]  will  be  prepared  and  subjected  to  G.C. -M.S.  analysis.   In  this 
way  we  hope  to  gain  some  understanding  of  the  preferred  mode  of  cleavage  of  alkyl 
side-chains  from  the  indolizidine  ring. 

6.  Pyrrolizidine  alkaloids  such  as  9b,  related  to  the  theif  ant  venom  compon-  i 
ent  9a  recently  characterized  by  Jones  £t  al.  (1980)  should  be  possible  with  la  and  \ 
the  aminoacetal  (Bu-CH(NH2)-CH2CH(OCH^)  ) ,  9b:  a  structural  isomer  of  GTX-223  should 
be  a  major  product  from  hydrogenation  ot  the  intermediate  9c. 


ZOl  AM  19410-03LC 


Publications: 

T,  F.  Spande,  J.  W.  Daly,  D.  J.  Hart,  Y.-M.  Tsai  and  T.  L.  Macdonald,  "The 
Structure  of  Gephyrotoxin  (GTX)  223  AB",  Experientia,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

2-Fluorohistidine  but  not  the  4-fluoro  isomer,  is  rapidly  incorporated  into 
newly  synthesized  animal  or  bacterial  protein,  in  place  of  histidine.   2-Fluoro- 
histidine  also  serves  to  produce  leucopenia,  temporary  regression  of  the  mouse 
spleen,  thymus,  lymph  nodes,  and  hypocellularity  of  the  bone  marrow.   In  mice 
infected  with  leukemia  virus  P-388,  this  analog  prevents  the  normally  massive 
increase  in  leukocyte  levels  and  increases  survival  time  up  to  50%.   This  anti- 
leukemic action  may  be  unrelated  to  production  of  false  protein,  and  may  result 
from  a  block  in  the  utilization  of  histidine  as  a  one-Carbon  donor  in  purine 
biosynthesis.   The  block  would  result  from  the  powerful  inhibition  of  urocanase 
by  2-fluorocanic  acid,  a  metabolite  of  2-fluorohistidine.   A  synthetic  route  to 
2-fluorourocanic  acid  has  now  been  developed.   The  same  route  will  lead  to  the 
synthesis  of  2,4-difluorohistidine,  an  analogue  which  may  be  even  more  effective 
than  2-fluorohistidine. 
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Project  Description: 


Investigation  of  the  biochemical  and  pharmacological  properties  of  ring- 
fluorinated  imidazoles,  as  tools  for  the  study  of  enzyme  structure  and  function 
and  as  potential  therapeutic  agenda. 

Objectives :   Fluoro  analogs  of  steroids,  purines,  pyrimidines  and  amino  acids 
have  been  synthesized  and  tested,  several  having  been  found  valuable  in  arthritis 
and  cancer  chemotherapy.   A  larger  number  have  not  been  prepared  because  of  the 
limited  routes  available  for  the  introduction  of  fluorine.   Despite  the  ubiquitous 
role  of  imidazoles  in  biological  systems  (RNA,  DNA,  histidine,  histamine,  etc.), 
no  fluorinated  imidazole  had  yet  been  prepared.   The  initial  purpose  of  this  work 
was  to  develop  a  general  method  suitable  for  the  preparation  of  f luoroimidazoles, 
to  prepare  a  series  of  such  compounds  and  to  test  their  abilities  to  serve  as 
enzyme  substrates  or  inhibitors  and  as  replacement  for  histidine  in  proteins  or 
for  purines  in  DNA  and  RNA.   To  evaluate  the  f luoroimidazoles  as  antileukemic, 
antiviral,  and  immunosuppressive  agents. 

Methods  Employed:   Various  enzyme  assays,  enzyme  fractionation  and  purifica- 
tion methods  are  employed.   Automatic  cell  counters  to  determine  leukocyte  levels. 
Standard  techniques  for  manipulation  of  laboratory  mice.   Culture  of  yeasts  and 
E.  Coli. 

Major  Findings:   2-Fluoro-L-histidine  shows  significant  activity  as  an  anti-    i 
leukemic  agent;  blocking  the  overproduction  of  leukocytes  in  mice  with  viral  leuke- 
mia.  Since  the  first  metabolite  of  f luorohistidine,  2-f luorourocanic  acid,  was 
found  to  be  a  powerful  inhibitor  of  urocanase,  we  have  speculated  that  the  anti- 
leukemic effect  may  involve  a  block  of  the  utilization  of  histidine  as  a  one-carbon 
source  for  purine  biosynthesis  or  for  cell  division.   Further  investigation  required 
the  preparation  of  sizable  quantities  of  2-f luorourocanic  acid,  which  compound  could 
not  be  obtained  by  a  variety  of  synthetic  methods.   We  have  now  found  a  simple  re- 
ductive method  for  the  conversion  of  2-arylazourocanic  acid  to  2-aminourocanic  acid, 
the  precursor  of  the  desired  compound.   Efforts  to  prepare  quantities  of  2-f luoro- 
urocanic acid  and  its  derivatives  are  in  progress. 

2-Fluoro-L-histidine  shows  a  broad  range  of  biological  activities,  while  the 
4-fluoro  isomer  is  essentially  inactive.   Since  the  fluorine  atom  should  be  quite 
small  in  either  position,  enzymes  should  not  be  capable  of  rejecting  one  isomer 
on  the  basis  of  steric  size.   On  the  other  hand,  4-f luorohistidine  has  the  potential 
for  forming  an  intramolecular  hydrogen  bond  to  fluorine,  while  the  2-fluoro  isomer 
does  not;  thus,_the  isomers  may  differ  in  solution  conformation.   Furthermore,  pK„ 
(imidazole-NH-*N  )  for  2-f luorohistidine  is  almost  2  unites  lower  than  for  4-fluoro- 
histidine,  and  the  anion  of  the  former  compound  may  be  the  biologically  active 
species.   We  felt  that  biological  studies  of  the  2,4-difluoro  isomer,  which  contains 
the  features  of  both  isomers,  should  help  clarify  the  question  of  biological  deffer- 
entiation.   Efforts  to  prepare  2, 4-dif luoroimidazoles  have  been  in  progress  for 
several  years,  but  each  approach  proved  unrewarding  since  every  attempt  to  introduce 
the  second  fluorine  atom  resulted  in  hydrolytic  or  reductive  loss  of  the  first. 
Recently,  we  discovered  that  2-amino-4-f luoroimidazoles  can  be  obtained  by  hydro- 
sulfite  reduction  of  the  corresponding  2-arylazo-4-f luoroimidazoles .   Photochemical  ' 
conversion  of  the  amino  group  to  fluorine  has  been  successful  and  an  intensive      , 
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effort  is  now  underway  to  prepare  2,4-dif luorohistidine. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
Studies  to  date  indicate  fluoroimidazoles  to  have  a  variety  of  properties  in 
biological  systems:   enzyme  inhibitors,  histamine  agonists,  analogs  of  histidine, 
antibacterial,  antiviral,  and  antileukemic  agents.   These  compounds  have  already 
proved  their  usefulness  in  studies  of  enzyme  structure  and  function,  as  inhibitors 
of  purine  biosynthesis,  involvement  in  cell  division,  etc.   The  possibility  of 
therapeutic  use  for  one  or  more  of  these  compounds  should  also  be  considered. 

Proposed  Course:   Additional  f luoro  analogs  are  being  synthesized  for  bio- 
logical evaluation.   More  detailed  studies  with  enzjmies  are  in  progress,  as  well 
as  efforts  to  isolate  fluorine-containing  proteins.   The  mechanism  of  the  anti- 
leukemic effect  is  being  investigated  in  detail. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  advanced  the  theory  that  a  major  portion  of  enzymatic  catalysis 
is  achieved  by  activation  of  the  si±istrate  during  binding.  To  support  the 
theory,  we  have  synthesized  a  large  variety  of  test-tube  models  which 
simulate  the  bound  substrate  by  being  frozen  in  a  single,  favorable 
conformation  and  by  having  the  interacting  functions  brought  into  the 
closest  possible  juxtaposition  ( stereopopulation  control ) .  These  conpounds 
undergo  intramolecular  reactions  at  rates  ccnparable  to  those  catalyzed  by 
enzymes,  sometimes  even  too  fast  to  measure.   In  recent  studies,  we  have  used 
long-range  l^p-lpj  j^j^r  coupling  to  assign  preferred  conformations  to  high 
barrier  systans.  The  results  are  consistent  with  kinetic  data  for 
accelerated  ring  closure  reactions.  Furthermore,  log  k  for  enhanced 
cyclization  is  a  function  of  the  Van  der  Waals  size  of  restricting  groups 
and  is  independent  of  electronic  effects. 
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Project  Description: 

A  study  of  the  principles  used  by  enzymes  to  accelerate  chemical  reactions. 
Model  conpounds  are  designed  and  synthesized  which  are  capable  of  undergoing 
various  reactions  at  rates  ccmparable  to  those  of  enzymes  and  under  the  same 
reaction  conditions.  Recognition  of  the  principal  devices  used  by  enzymes 
will  permit  the  design  of  more  effective  drugs  and  enzyme  inhibitors  or 
substrates . 

Objectives;  The  rates  of  enzyme-catalyzed  reactions  exceed  those  of 
simple  test-tube  analogs  by  factors  Qf  10   -  10  .  In  order  to  accoiont  for 
such  a  phenomenal  effect,  model  compounds  which  duplicate  one  or  more  of  an 
enzyme's  special  powers  are  studied  to  learn  more  about  the  vastly  complex 
protein  catalyst.   In  the  belief  that  the  principal  enzymatic  device  is 
stereopopiiLation  control  (near  perfect  orientation  of  functional  groups) ,  model 
coirpDunds  have  been  designed  and  synthesized  in  which  rotation  of  covalent 
bonds  has  been  severely  restricted.  By  bringing  two  functional  groups  into 
very  close  proximity  and  orientation,  rates  of  reaction  conparable  to  those  of 
enzymes  can  be  achieved  in  the  test  tube. 

Methods  Employed:  Spectroscopic  methods  are  used  to  elucidate  the  structures 
of  synthetic  products  and  to  follow  rates  of  reaction.  Various  chromatographic 
procedures  are  employed  for  analysis  and  purification.   H,   C  and   F  NMR 
spectra  are  recorded  over  the  temperature  range  -100  to  +180 °C,  to  detect 
conformational  changes  in  solution.  X-ray  crystallography  is  used  to  determine 
conformation  in  the  solid  state.  Free  energies  of  the  various  conformers  are 
calculated  by  use  of  computer  programs  (CAMSEQ) . 

Major  Findings:  Synthesis  and  NMR  studies  have  been  continued  with  the 
peri-naphthalene  system  described  in  the  previous  report.  The  2-fluoroanalog 
(C)  has  been  synthesized  and  subjected  to  low  tertperatirre  NMR  analysis.  Long- 
range  coupling  between  the  fluorine  atom  and  the  side-chain  methyl  groups  provides 
a  useful  diagnostic  tool  in  conformational  studies.  The  results  show  that,  at  -20°C, 


H3C-0  ^^-^^  , 


"'^^:!--^-':'. 


^  x> 

one  methyl  group  is  coupled  to  fluorine  and  the  other  is  not;  consequently,  D 
should  be  the  most  favorable  rotamer  for  this  system,  in  agreement  with  our 
conclusions  for  the  nonfluorinated  analogue.  Computer  calculations  predict 
the  same  rotamer  to  have  the  lowest  internal  energy  and  also  predict  a  high 
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barrier  to  free  rotation  past  the  8-methoxyl  group.  If  the  fluorine  aton  at 
C-2  were  replaced  by  an  amino  group,  lactam  formation  with  the  ester  function 
should  not  occur  because  the  D  conformation  would  have  to  be  rotated  150°  into 
a  very  crowded  arranganent;  synthesis  of  the  requisite  amino  analogue  is  in 
progress. 

A  series  of  phenolic  acids  (E)  has  been  synthesized  with  five  sizes  of 
X,  ranging  fron  H  to  Br.  The  values  of  log  k  for  acid-catalyzed  lactonization 


HOj^C 


-HtO 


were  found  to  vary  linearly  with  the  NMR  S  values  for  the  methyl  groups  in 
the  corresponding  lactones  (F) ,  and  both  parameters  were  found  to  vary  inversely 
with  the  length  of  the  C-X  bond.  Thus,  the  progressive  increase  in  rate  of 
cyclization  with  increasing  size  of  X  can  be  ascribed  to  Van  der  Waals 
repulsion  between  X  and  the  side-chain  methyl  groups.  Such  repulsion  restricts 
the  conformational  freedom  of  the  side  chain  and  brings  it  progressively  closer 
to  the  transition  state  for  cyclization. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
Despite  the  vast  amount  of  research  invested  in  the  elucidation  of  the  path- 
ways of  specific  enzyme-catalyzed  reactions,  justifications  of  the  rates  of 
these  reactions,  in  conparison  with  their  nonenzymatic  counterparts,  are  still 
in  a  primitive  state.  A  sound  understanding  of  the  means  by  which  enzymes 
operate  so  effectively  would  lead  not  only  to  a  better  appreciation  of  bio- 
chemical processes  in  general,  but  also  to  a  more  rational  approach  to  drug 
design. 

Proposed  Course:  Utilizing  the  principles  of  stereopopulation  control 
already  developed,  additional  models  will  be  studied  to  produce  even  faster 
reaction  rates  than  those  already  observed.  The  principle  will  also  be  ex- 
tended to  other  types  of  reactions,  such  as  hydride  transfer  and  addition/ 
elimination.  The  control  principle  will  also  be  used  to  design  conformationally 
restricted  analogs  of  various  drugs  with  a  view  to  enhancement  of  activity  and 
reduction  of  side-effects. 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Discovery  of  the  widespread  and  impressive  properties  of  fluoroimidazole^ 


as  biological  substrates  and  analogs  has  provided  the  impetus  for  the  synthesdjs 
of  other  substituted  imidazoles.  Ifovel  methods  have  been  developed  for  the 
synthesis  of  previously  unknown  or  difficultly  accessible  2-substituted 
imidazoles.  Thus,  all  2-halohistamines  and  2-halohi s tidines  are  now  availably 
as  well  as  analogs  containing  the  amino,  formyl,  cyano,  and  nitro  and  azido 
groups.  As  predicted  by  electronic  considerations,  4-trifluoranethylimidazol^s 
generate  fulvene  intermediates  much  more  readily  than  do  their  2-isomers.  The 
former  coitpounds  are  expected  to  prove  useful  as  receptor  affinity  lables  for 
use  in  vivo.  2-Nitroimidazoles  undergo  reduction  with  mercaptans  to  generate 
imidazolyl  radicals,  which  may  be  potent  alkylating  agents.  Thus,  a  mechanisnii 
may  have  been  found  for  the  selective  cytotoxic  effect  of  these  coipounds  on 
cancer  cells.  The  very  high  methyl  acidity  of  l,5-dimethyl-4-nitroimidazole 
provides  further  evidence  for  the  low  aromaticity  of  imidazoles. 
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Project  Description: 

Developnent  of  new  methods  for  the  synthesis  of  fluoro  and  other  analogs 
of  biochanically  significant  conpounds  and  examination  of  their  properties 
as  enzyme  inhibitors  and  as  potential  drugs. 

Objectives:  Fluoro  analogs  of  steroid^,  purines,  pyrimidines  and  amino 
acids  have  been  synthesized  and  tested,  several  having  been  found  valuable 
in  arthritis  and  cancer  chanotherapy .  A  larger  number  have  not  been  prepared 
because  of  the  limited  routes  available  for  the  introduction  of  fluorine. 
Despite  the  ubiquitous  role  of  imidazoles  in  biological  systems  (RNA,  DNA, 
histidine,  histamine,  etc.),  no  fluorinated  imidazole  had  yet  been  prepared. 
The  initial  purpose  of  this  work  was  to  develop  a  general  method  suitable  for 
the  preparation  of  fluoro imidazoles ,  to  prepare  a  series  of  such  ccnpounds  and 
to  test  their  abilities  to  serve  as  enzyme  substrates  or  inhibitors  and  as 
replacement  for  histidine  in  proteins  or  for  purines  in  DNA  and  RNA.  Discovery   _ 
of  the  widespread  and  significant  biological  properties  of  fluoroimidazoles  provided 
the  impetus  for  the  synthesis  of  other  substituted  imidazoles. 

Methods  Einployed:  Ultraviolet  irradiation  is  used  as  the  key  step  in  the 
introduction  of  fluorine.   Infrared,  ultraviolet,  mass  and  nmr  spectroscopy  are 
used  to  follow  the  course  of  reactions  and  to  elucidate  product  structure. 
Various  chrariatographic  procedures  are  used  for  analysis  and  purification  of 
materials. 

Major  Findings:  Ring-trifluorcmethylated  imidazoles  show  the  unique 
property  of  losing  hydrogen  fluoride  above  pH  8  to  form  metastable  difluoro- 
diazaf ulvenes ,  which  then  react  with  any  available  nucleophile  to  form  new 
covalent  bonds.  Such  intermediates,  derived  from  trifluoromethylhistamine  or 
histidine,  may  be  able  to  serve  as  covalent  affinity  lables  for  specific 
binding  sites,  both  in   vitro  and  in  vivo.   It  would  be  desirable,  therefore, 
to  have  available  a  series  of  trifluoromethyl  analogues  with  a  range  of 
reactivities,  and  to  be  able  to  correlate  reactivity  with  some  substituent 
parameter.  Our  discovery  of  a  simple  photochemical  method  for  the  trifluoro- 
methylation  of  imidazoles  has  made  available  a  large  series  of  analogues  for 
study.  We  have  now  found  that  the  reactivities  of  some  members  of  the  group 
can  be  correlated  with  the  acidity  of  the  ring  NH  function,  that  4-trifluoro- 
methylimidazoles  are  more  reactive  than  the  2-isaners,  and  that  reactivity 
is  increased  even  further  by  the  special  electronic  effects  of  certain  sub- 
stituents  (capable  of  hypercon j ugation  or  back-bonding) .  Thus,  it  should  be 
possible  to  select  a  histamine  or  histidine  analogue  which  will  generate 
the  metastable  fulvene  under  specified  biological  conditions.   In  collaboration 
with  M.  Friedkin  (Weizmann  Institute) ,  polypeptide  hormones  are  being  synthesized 
with  trifluorcmethyl-histidines  in  place  of  histidine;  efforts  will  be  made 
to  achieve  irreversible  binding  of  these  hormone  analogues  to  their  respective 
receptors . 

Our  new  synthesis  of  2-nitroimidazoles,  based  on  the  reaction  of  a  2- 
carbanion  with  propyl  nitrate,  has  been  extended  to  include  2-nitroimidazole-4- 
methanol.  With  such  functionality  available  at  C-4,  the  syntheses  of  2- 
nitrohistamine  and  histidine  should  now  be  possible  and  are  being  pursued. 
The  success  of  the  synthesis  has  proved  to  be  highly  dependent  on  the  nature 
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of  the  blocking  group  used  for  the  imidazole-ring  nitrogen  atom.  While  the 
tripheny Methyl  group  is  quite  effective,  the  methyl  or  methoxymethyl  blocking 
groups  do  not  lead  to  nitroimidazoles  at  all  but  to  imidazolyl  radicals  which 
dimerize.  A  similar  phenomenon  was  observed  in  our  studies  of  the  cytotoxic 
effect  mechanism.  In  the  reaction  of  l-methyl-2-nitroiinidazole  with  thiols, 
the  nitro  group  is  first  reduced  to  an  anion  radical.  The  latter  species 
decoitposes  spontaneously  with  loss  of  nitrite  ion  and  formation  of  an  imidazolyl 
radical,  which  also  dimerizes.  We  are  now  investigating  the  possibility 
that  the  generation  of  such  radicals  on  the  cell  surface  can  result  in 
alkylation  of  protein  or  nucleic  acid  and,  thus,  interfere  with  metabolic 
activities  such  as  cell  division. 

Studies  have  continued  on  the  electronic  properties  of  the  imidazole  ring. 
The  base-catalyzed  exchange  of  the  5-methyl  protons  in  l,5-diinethyl-4-nitro- 
imidazole  proved  to  be  only  27-fold  slower  than  exchange  in  nitrcmethane 
but  4.8  X  10  faster  than  in  o-nitrotoluene .  Such  data  strongly  support  our 
belief  that  the  4,5-double  bond  in  imidazole  is  much  more  olefinic  than 
aromatic  in  character.  Furthermore,  the  imidazole  ring  sometimes  seems 
to  react  preferentially  as  its  nonaromatic  (or  ketimine)  tautomer  (B) .  Thus, 


H  H    R 


B 


5-methylimidazole,  histamine,  and  histidine  undergo  base-catalyzed  exchange  at 
C-4  much  faster  than  expected  for  a  vinylic  hydrogen  and  much  faster  than 
their  non-tautomerizable  N-roethyl  counterparts.  Recent  studies  on  the 
mechanism  of  action  of  urocanase  also  suggest  the  ketimine  tautomer  to  be 
the  reactive  species.  We  attribute  this  phenomenon  to  the  principle  that 
alkyl  hyperconjugation  shoiiLd  stabilize  the  C=N  function  more  effectively 
than  it  stabilizes  the  C=C  function.  A  similar  explanation  can  be  invoked 
for  alkyl  acceleration  in  the  conversion  of  trif luoromethylimidazoles  to  their 
dif luorodiazaf ulvenes . 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute:  Fluoro- 
rmidazoles  have  already  been  found  to  be  powerful  tools  for  the  investigation 
of  enzyme  structure  and  function,  as  inhibitors  of  metabolic  pathways  and  as 
potential  therapeutic  agents.  Vfe  believe  that  parallel  properties  will  be 
observed  with  other  analogs  of  natural  imidazoles,  possibly  with  even  greater 
potency.  These  analogs  are  designed  to  answer  specific  questions  regarding 
the  steric  and  geonetric  limitations  of  natural  substrates,  the  inportance  of 
pK  and  pK„  of  imidazoles  to  their  biological  behavior,  and  the  role  of  ring 


current  effects. 
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Proposed  Course:  Continued  efforts  will  be  made  to  develop  synthetic 
routes  to  difficultly  accessible  imidazoles.  Studies  will  be  continued  in  an 
effort  to  rationalize  the  ancmalous  physical  and  chemical  properties  of  the 
imidazole  series.  Many  of  the  compounds  will  be  evaluated  for  their  biological 
properties . 

Publications: 

Kimoto,  H.,  and  Cohen,  L.  A.:  New  Histamine  and  Histidine  Analogs  via  Trans- 
formation of  the  2-TrifluorCTnethyl  Group.  J.  Org.  Chem.  45,  3831-3835,  1980. 

Davis,  D.  P.,  Kirk,  K.  L.  and  Cohen,  L.  A.:  New  Synthesis  of  2 -Nitro imidazoles. 
J.  Org.  Chem.,  in  press. 

Rav-Acha,  C.  and  Cohen,  L.  A.:  Carbanion  Stabilization  in  C , N-Dimethylnitroimi- 
dazoles.  J.  Org.  Chem.,  in  press. 


228 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 

HEALTH  AND  HUMAN  SERVICES 

PUBLIC  HEALTH  SERVICE 

NOTICE  OF 

INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  AM  19606-05  LC 


PERIOD   COVERED 

October  1,  1980  to  September  30,  1981 


TITLE  OF  PROJECT  (80  characters  or  less) 

Halogenated  Biogenic  Amines  in  Biochemistry  and  Pharmacology 


NhMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI: 
Other: 


Kenneth  L.  Kirk 

Daniele  Cantacuzene 
Olaronge  01i±ajo 
Cyrus  R.  Creveling 
John  W.  Daly 


Research  Chemist 

Guest  Worker 
Visiting  Fellcw 
Research  Chemist 
Chief,  LBC 


NIADDK/LC 

NIADDKAC 
NIADDK/LC 
NIADDK/LBC 
NIADDK/LBC 


COOPERATING  UNITS  (if  any)  ^^^^   Goldberg,  Univ.  of  Chicago;  C.  Dobson,  F.M.  Paulsen, 
Howard  Univ.;  J.  Costa,  NIMH;  D.C.  Klein,  NICHD;  W.  Giles,  Univ.  of  Texas, 
Galveston;  B.  Hoffer,  Univ.  of  Colorado;  S.  Fujii,  H.  Kimoto,  Nagoya,  Japan 


LAB 


x3ratory  of  Chemistry 


SECTION 

Section  on  Biochemical  Mechanisms 


INSTITUTE  AND  LOCATION 

NIADDK,  NIH,  Bethesda,  MD  20205 


TOTAL  MANYEARS: 


0.9 


PROFESSIONAL: 

0.6 


0.3 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   D  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


(c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Fluorinated  analogs  of  norepinephrine ,  isoproterenol ,  phenylephrine ,  tyr amine, 
dopamine,  melatonin,  serotonin,  DOPA,  a-methyl  DOPA  and  reserpine  have  been 
synthesized.  Biochemical  and  biophysical  studies  on  these  analogs  have 
reveaJ.ed  irtpDrtant  information  concerning  structural  requirements  for  norepi- 
nephrine in  interaction  with  a-  and  3 -adrenergic  receptors,  and  the  role  of 
phenolic  pK  and  lipophilicity  in  determining  activity  of  biogenic  amines. 


PHS-6040 


229 


Project  No.  ZOl  AM  19606-05  LC 

Project  Descripticn: 

DeveloEXtent  of  new  nethods  for  the  synthesis  of  halogenated  analogs  of 
biogenic  amines,  study  of  their  physical  properties,  and  evaluation  of  their 
behavior  in  biological  systems  as  antagonists  or  agonists. 

Objectives :  Halogenated  analogs  have  proved  to  be  powerful  tools  for 
the  study  of  transport,  storage,  release,  and  action  of  biogenic  amines, 
since  they  simulate  the  gecraetry  of  the  natural  ccmpounds  so  well.  Continued 
stiidies  should  provide  significant  information  about  the  roles  of  these 
essential  metabolic  species  and  possibly  lead  to  therapeutic  use. 

Methods  Employed:  Ultraviolet  irradiation  and  various  chemical  methods 
are  used  for  U^  introduction  of  halogen  into  biogenic  amines.   Infrared, 
ultraviolet,  mass,  and  nrar  spectroscopy  are  used  to  follow  the  course  of  re- 
actions and  to  elucidate  product  structure  and  pijrity.  Various  chromatographic 
procedures  are  used  for  purification  and  analysis  of  materials.  Electron 
energy-loss  spectroscopy  is  used  to  detect  and  localize  fluorine-containing 
materials  in  tissues. 

Major  Findings:  Fluorinated  norepinephrines  (FNE) ,  by  virtue  of  their 
striking  adrenergic  agonist  specificites  and  because  of  their  structural 
similarities  to  NE,  have  proven  to  be  useful  pharmacological  agents.  For 
example,  a-adrenergic  receptor  mediated  activation  of  cyclic-AMP  systems  and 
their  interactions  with  S-adreiergic  sensitive,  adenosine  sensitive,  and  hista- 
mine sensitive  cyclic-AMP  systems  were  surveyed  in  eight  rat  brain  regions, 
using  6FNE  as  a  pure  a-adrenergic  agonist  and  2FNE  as  a  pure  6-adrenergic  agonist. 
The  results  indiate  that  the  interactive  control  of  cyclic-AMP  generating  systems 
by  a-adrenergic,  S-adrenergic,  adenosine,  and  histamine  receptors  differs 
significantly  among  rat  brain  regions.  In  another  study,  the  potencies  of  NE  and 
FNE's  tcward  stimulation  of  cyclic-AMP  and  binding  to  6-adrenergic  receptors 
in  intact  pinealocytes  was  investigated.   In  agonist  potency  and  bind  efficacy, 
the  rank  order  of  effectiveness  was  found  to  be  5FNE>NE>2FNE>6FNE.  A  number 
of  other  projects  are  in  progress. 

Exploration  of  the  mechanism  of  the  fluorine  induced  adrenergic  agonist 
specificities  has  continued.  Further  study  of  the  adrenergic  agonist  properties 
of  fluorinated  isoproterenols  (FISO)  aderaonstrated  that  2FIS0,  5FIS0,  and 
ISO  were  essentially  equipotent  as  B-adrenergic  agonists  (guinea  pig  atria)  while 
6FIS0  was  inactive.  None  of  the  conpounds  had  measurable  a-adrenergic  activity 
(guinea  pig  aorta) .  To  study  the  effects  of  fluorine  substitution  on  an  a- 
adrenergic  agonist,  2-  and  6-fluorophenylephrine  (FPE)  were  prepared.  PE  and 
6FPE  were  equipotent  as  a-adrenergic  agonists  (guinea  pig  aorta) ,  2  FPE  was 
inactive,  and  none  of  the  canpounds  showed  0 -adrenergic  activity  (guinea  pig 
atria) .  The  results  with  FISO  and  FPE  demonstrate  the  negative  effect  of 
fluorine  on  adrenergic  agonist  activities,  i^.  fluorine  in  the  2-position 
consistently  abolishes  a-adrenergic  activity  but  does  not  increase  6-adrenergic 
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activity,  while  fluorine  in  the  6-position  blocks  B-adrenergic  agonist  activity 
but  does  not  restore  a-adrenergic  activity.  The  FPE  results  have  added  signi- 
ficance that  these  analogs  represent  the  first  inonophenolic  system  studied. 

The  effects  of  fluorine  substitution  on  the  adrenergic  agonist  specificities 
of  NE,  ISO,  and  PE  are  not  readily  explained  by  existing  models  of  the  receptor- 
substrate  complex  which  have  been  constructed  fron  structure-activity  relation- 
ships derived  from  numerous  a-  and  B-adrenergic  agonists  and  antagonists.  Intra- 
inoleciiLar  hydrogen  bonding  of  the  benzyl ic  hydroxy 1  group  to  an  ortho- situated 
fluorine  has  been  advanced  as  an  explanation  of  the  essentially  equal  and  opposite 
effects  of  fluorine  substituted  at  the  2-  or  6-position.  Alternatively, 
inhibition  of  hydrogen  bonding  to  the  TT-electrons  of  the  aratatic  ring  by 
the  benzylic  hydroxyl,  or,  more  likely,  by  a  hydrogen  bond  donor  on  the  receptor 
protein,  must  be  considered.  Several  additional  catpounds  are  being  synthesized 
to  explore  these  possibilities.  Thus,  a  trifluoroveratraldehyde  derivative  has  been 
synthesized  directly  from  pentaf luorobenzaldehyde  and  will  serve  as  a  precursor  to 
2,5,6-trifluoronorepinephrine.  This  latter  conpound  will  demonstrate  whether 
additional  fluorine  substitution  cancels  the  fluorine  effect,  or  add  to  it — 
a  modification  of  the  photochemical  procedure  reported  previously  for  the 
trifluoromethylation  of  imidazoles  has  now  permitted  non-regiospecif ic  intro- 
duction of  the  trifluoromethyl  group  into  a  series  of  anisoles  and  veratroles, 
including  dopamine  derivatives.  This  reaction  will  permit  facile  syntheses  of 
NE's  substituted  by  the  powerfully  electronegative  trifluoromethyl  group.  This 
same  trifluoromethylation  procedure  has  been  used  to  synthesize  trifluoromethyl 
codeine  directly  from  codeine. 

The  effect  of  fluorine  on  the  regioselectivity  of  the  enzymatic  0-methylation 
of  FNE's  has  been  studied  in  greater  detail.  Since  interpretation  of  these 
results  depends  critically  on  product  identification,  the  three  fluorinated 
vanillins  and  isovanillins  were  prepared  by  -unambiguous  routes.  Products  of 
inethylation  of  FNE's  were  then  converted  to  the  corresponding  fluorovanillins 
and  isovanillins  and  identified  by  direct  conparison.  Fran  our   results,  it  is 
clear  that  ionization  of  the  catechol  can  play  an  important  part  of  the 'transfer 
of  the  methyl  group  from  5-adenosylraethionine  to  the  catechol,  in  that  increased 
acidity  of  the  phenolic  group  greatly  favors  methylation. 

Fluorinated  Molecules  as  Biological  Tracers 

19 
We  have  reported  the  use  of   FNMR  spectra  of  fluorinated  molecules 
(4,6-difluoroserotonin  (F5HT)  and  2-fluoroadenosine)  in  ijitact  human  and  pig 
platelets  as  a  probe  for  molecular  motion.  F5HT  was  also  visualized  in  storage 
vesxcles  of  human  platelets  by  electro  energy-loss  spectroscopy  (EELS) .  Reserpine 
IS  rapidly  taken  up  and  irreversiljly  bound  by  platelets,  and  effectively  blocks 
the  uptake  of  5HT  into  platelets.  As  a  prote  f or  the  site  and  characteristics 
of  buiding  of  reserpijie,  to  be  detemiiied  by  ^^FNMR  and  EELS,  we  have  prepared 
an  analog  of  reserpine  in  which  the  triitethoxybenzoyl  group  has  been  replaced  by 
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pentafluorobenzoyl.  Preliminary  studies  demonstrate  that  this  analog  mimics 
reserpine  with  respect  to  behavior  in  the  platelet. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
Biogenic  amines  play  a  key  role  m   neurotransmission,  metabolism,  and  in  control 
of  various  physiological  processes.  Relatively  little  is  known  regarding 
iTEchanisms  of  transport,  storage,  release,  and  action  of  these  agents.  Thje 
availability  of  effective  analogs  provides  a  unique  set  of  tools  for  the  study 
of  these  mechanians. 

Proposed  Course:  Additional  analogs  will  be  synthesized  to  help  answer 
specific  questions  regarding  the  biochemistry  and  pharmacology  of  biogenic 
amines.  Evaluation  of  the  analogs  will  be  continued  with  a  view  to  developnent 
of  possible  therapeutic  agents. 

Publicaticns: 

Martin,  J.  E.,  Kirk,  K.  L.  and  Klein,  D.  C:  Effects  of  6-hydroxy,  6-Fluoro, 
and  4,6-Difluoro  Melatonin  on  the  In  Vitro  Response  to  LH-Releasing  Hormone. 
Endocrinology,  106:  398-401,  1980. 

Costa,  J.  L.,  Dobson,  C.  M.,  Kirk,  K.  L.,  Poulson,  F.  M.,  Valeri,  C.  R. , 

and  Vecchione,  J.  J.:  Nuclear  Magnetic  Resonance  Studies  of  Blood  Platelets, 

Proc.  Royal  Soc.  Series  B,  289:  413-423,  1980. 

Goldberg,  L.  I.,  Kohli,  J.  D.,  Cantacuzene,  D. ,  Kirk,  K.  L.,  and  Creveling,  C.  R. 
Effects  of  Ring  Fluorination  on  the  Cardiovascular  Actions  of  Dopamine  and 
Norepinephrine  in  the  Dog.  J.  Pharmacol.  Exptl.  Therapeut.  213:  509-513,  1980. 

Nimitkitpaisan,  Y.,  Cantacuzene,  D.,  Kirk,  K.  L.,  Creveling,  C.  R. ,  and  Daly, 
J.  W.  The  Binding  of  Fluorocatecholamines  to  Adrenergic  and  Dopaminergic 
Receptors  in  Rat  Brain  Membranes.  Life  Sciences  27:  1577-1585,  1980. 

Costa,  J,  L.,  Kirk,  K.  L.,  Murphy,  D.  L. ,  and  Stark,  H. :  Anaraalous  Compart- 
raentation  of  5-HT  in  intact  Human  Platelets.  Br.  J.  Pharmac.  72:  449-459,  1981. 

Daly,  J.  W.,  Padgett,  W. ,  Creveling,  C.  R. ,  Cantacuzene,  D. ,  and  Kirk,  K.  L. : 
Regional  Differences  in  Activation  by  Adrenergic  Receptors  in  Rat  Brain.  J. 
Neuroscience  I_:  49-59,  1981.  ~ 

Auerbach,  David  A.,  Klein,  David  C,  Creveling,  C.  R. ,  Cantacuzene,  D.  and 
Kirk,  Kenneth  L.  The  EFfects  of  2,5,  and  6-Fluorine  Susbtitution  of  Norepi- 
nephrine on  Stimulation  of  Cyclic  AMP  and  Binding  to  Beta-Adrenergic  Receptors 
in  Intact  Pinealocytes .  Molecular  Pharmacology  30:   1085-1089,  1981. 

Fimau,  G.,  Gamett,  S. ,  f^arshall,  A.  M. ,  SEeman,  P.,  Tedesco,  J.  and  Kirk,  K.  L. 
Effects  of  Fluorodopamines  on  Dopamine  Receptors  (D  ,D  ,D  Sites).  Biochem. 
Pharmacol . ,  in  press.  l     z     3  

Costa,  J.,  Kirk,  K.  L.  and  Stark,  H.:  The  Utility  of  Iten  Second  Uptake  Periods 
for  Kuietic  Studies  of  Serotonin  by  Intact  Platelets,  Res.  Canmun.  Chem.  Path 
Pharmacol . ,  in  press.  — 
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Kirk,  K.  L.,  Cantacuzene,  D.,  and  Creveling,  C.  R. :  Syntiiesis  and  Biological 
Properties  of  Ring-Fluorinated  Biogenic  Amines.  In  Filler,  R.  and  Kobayashi, 
Y.  (Eds.):  Biomedical  Aspects  of  Fluorine  Chemistry;  In  Press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Basic  research  and  service  functions  are  performed  by  members  of  the  Section 
A  major  mission  of  the  organization  involves  the  Instrumental  and  chemical  analy- 


ses provided  to  scientists  of  the  Laboratory  of  Chemistry,  Laboratory  of  Bio- 
organic  Chemistry,  NIH,  and  to  a  limited  extent  to  personnel  of  other  government 
agencies.   Approximately  30  of  the  more  common  elements  and  five  functional 
groups  are  determined  on  a  quantitative  basis,  using  ultramicro,  micro,  and  semi- 
mirco  techniques  as  required.   The  materials  analyzed  include  organic  and  in- 
organic research  samples,  commercial  preparations  and  various  biological  specimenjs 
Instrumental  analyses  include:   GC/MS  spectrometry,  gas-liquid  chromatography,  GC 
with  radioactive  monitoring,  infrared,  nuclear  magnetic  resonance,  amino  acid 
analysis,  ultraviolet  and  flame  photometry.   Assistance  in  the  interpretation  of 
spectra  is  rendered  on  request. 
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Project  Description: 


Basic  research  and  service  functions  are  performed  by  members  of  the  Section. 
A  major  mission  of  the  organization  involves  the  instrumental  and  chemical  analyses 
provided  to  scientists  of  the  Laboratory  of  Chemistry,  NIH,  and  to  a  limited  extent 
to  personnel  of  other  government  agencies.   Approximately  30  of  the  more  common 
elements  and  five  functional  groups  are  determined  on  a  quantitative  basis,  using 
ultramicro,  micro,  and  inorganic  research  samples,  commercial  preparations  and 
various  biological  specimens.   Molecular  weights  are  determined  by  vapor  pressure 
osmometry  in  both  aqueous  and  nonaqueous  solvents  when  requested.   Instrumental 
analyses  incude:   GC/MS  spectrometyr,  gas-liquid  chromatography,  GC  with  radio- 
active monitoring,  infrared,  nuclear  magnetic  resonance,  atomic  absorption  spectro- 
metry, amino  acid  analysis,  ultraviolet,  and  flame  photometry.   Chemical  analyses 
are  done  by  most  of  the  commonly  used  techniques  including:   gravimetric,  color- 
metric,  gasometric,  coulometric,  and  volumetric.   Assistance  in  the  interpretation 
of  spectra  is  rendered  on  request. 

During  the  past  year  the  level  of  analyses  overall  has  increased  by  about  38%. 
It  can  be  seen  by  the  data  below  that  a  large  share  of  this  increase  is  in  the  area 
of  protein  anayses  but  substantial  increases  are  evident  in  other  areas  also. 

Analyses  Run 


Carbon 

Hydrogen 

Nitrogen 

Proteins 

Sulfur 

Halogens 

Metals 

Phosphorous 

f^^D 
Weight  Loss 

Misc. 


.979-80 

1980-81 

%  Change 

2480 

2657 

7.1 

2480 

2657 

7.1 

4288 

3674 

-14.3 

7629 

14,292 

87.3 

119 

89 

-25.2 

314 

699 

112.6 

50 

29 

-42.6 

193 

406 

110.4 

54 

115 

113.0 

52 

29 

-44.2 

313 

281 

-10.2 

17,972       24,928 
The  distribution  of  service  rendered  was; 


38.7 


LC/LBC 

NIH 

Outside 


1979-80 

1980-81 

47% 

55% 

48% 

42% 

5% 

3% 

Under  a  continuing  contract  with  Galbraith  Laboratories  17  special  samples 
were  submitted  for  a  total  of  48  analyses.   The  above  data  demonstrates  that  the 
analytical  service  continues  at  a  high  level  and  as  the  only  such  facility  at  NIH 
provides  a  service  function  NIH-wide. 
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The  amino  acid  analysis  service  initiated  two  years  ago  continues  to  grow, 

Ms.  Barbara  Torain  operates  and  maintains  two  Beckman  121  MB  instruments,  analyzing 

both  hydrolysates  and  physiological  samples.   A  total  of  636  samples  were  run,  an 

increase  of  about  13%  over  the  previous  year.   Distribution  of  samples  is  as  follows; 


NIADDK 

LC 

Other 

Total 

1979-80 

362(64) 

0 

201(36) 

563 

1980-8i 

394(62) 

92(15) 

150(24) 

636 

(    )  =  % 

It  can  be  seen  that  this  service  is  fulfilling  its  expectations  of  providing 
occasional  analyses  for  a  large  number  of  investigators  in  the  Institute  and  NIH, 
obvuating  purchase  of  expensive  equipment  for  occasional  use. 

The  NMR  service  includes  a  Varian  A-60,  a  JEOL  FX-lOO  pulse  Fourier  transform 
and  a  200  megahertz  spectrometers.   The  200  megahertz  instrument  was  acquired  from 
another  laboratory  in  the  Institute  when  they  upgraded  to  a  500  megahertz  research 
spectrometer.   A  total  of  some  500  spectra  were  run  as  a  service  function  by  Dr. 
Herman  Yeh,  representing  a  27%  increase  over  the  previous  reporting  period.   These 
specialized  spectra  on  the  high  resolution  instruments  were  in  additon  to  Dr.  Yeh's 
own  research  program.   As  in  the  last  reporting  period  approximately  200  spectra 
were  run  on  the  A-60  by  Mr.  Benjamin  Miller  and  over  1000  by  individual  investiga- 
tors . 

I 

A  total  of  1040  samples  were  submitted  to  Mr.  Willian  Landis  for  mass  spectral 
analysis  on  the  Hitachi  Perkin-Elmer  RMU-6E  (electron  impact) .   Analyses  involved 
multiple  spectral  determinations.   Each  sample  analysis  was  carried  out  according 
to  the  investigators  requests  and  involved  standard  qualitative  spectra;  isotope 
quantitative  mass-ratio  measurements;  on-scale  spectra  recorded  either/or  the  visi- 
corder  and  pen  recorder;  and  sample  mixtures  requiring  fractional  volatility- 
changing  rate  separations  occuring  in  the  solids-inlet  probe. 

The  number  of  samples  analyzed  are  tabulated  as  follows: 

NIADDK/LC  943 

NIH  Other  than  LC   155 

Outside  NIH  42 

1140 

Mr.  Noel  Whittaker  is  the  principal  operator  of  the  Finnigan  GC/MS  and  VG  70-70 
systems.   The  Finnigan  instrument  is  a  quadrapole  instrument  that  is  used  with  GC 
attachment  in  the  cher.ical  ionization  (CI)  mode.   The  VG  is  a  magnetic  sector  high 
resolution  spectrometer  which  is  operated  in  both  nominal  mass  and  accurate  mass 
modes.   These  two  instruments  are  used  very  heavily  by  LC  and  LBC  and  only  12% 
requests  outside  can  be  handled.   Technical  support  help  in  the  instrument  area 
continues  to  be  a  problem  with  the  growing  work  load  imposed  on  this  service  area. 

The  Section  Chief  continues  to  serve  as  Project  Officer  on  an  NIADDK  contract 
with  the  Medical  Research  Council  of  England.   This  contract  provides  reference     | 
steroid  compounds  to  qualified  research  workers  in  the  U.S. 

Publications:   None 
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Our  objective  is  to  isolate  a  dehydrogenase  from  a  cell-free  extract  of 
T.  pyriformis.   The  partially  purified  enzyme  demonstrates  a  substrate  specificltjy 


for  secondary  alcohols,  therefore  the  kinetics  with  both  non-steroidal  alcohols 
will  be  studies.   Characterization  of  the  secondary  alcohol  dehydrogenase  will 
include  pH,  optimum  molecular  weight,  effect  of  inhibitors  and  heat.   A  growth- 
inhibition  study  will  also  be  done  to  investigate  whether  the  in  vivo  reduction 


of  the  ketone  at  the  C-3  of  a  steroid  is  a  detoxication  mechanism. 
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Project  Description: 

The  protozoan  Tetrahymena  pyriformis  has  steroid  dehydrogenases  that  are 
similar  in  functional  properties  to  the  dehydrogenases  of  higher  eukaryotes. 
Specifically,  our  prior  identification  of  A-androstene-36,17B-diol  and  pregneno- 
lone as  transformation  products  from  the  incubation  of  T_.    pyriformis  with  testos- 
terone and  progesterone,  respectively,  indicated  that, this  protozoan  possesses  a 
dehydrogenase-isomerase  system  that  can  isomerize  a  A  -steroid  to  a  A  -steroid  and 
reduce  the  C-3  carbonyl  to  a  3S-hydroxyl.   The  characterization  of  the  dehydrogenase 
is  being  pursued. 

The  secondary  alcohol  dehydrogenase  (SADH)  is  obtained  as  a  crude  supernatant 
from  a  100,000  x  g  centrifugation  of  ruptured  cells.   Purification  steps  are  DEAE- 
cellulose,  ammonium  sulfate,  precipitation,  affinity  chromatography  on  Cibacron 
Blue  F3G-A  Sepharose,  and  chromatography  on  Sephadex  G-100.   The  amount  of  enzyme 
activity  is  low,  requiring  multiple  preparations  of  the  early  purificaton  steps  to 
provide  sufficient  activity  to  measure  in  the  last  step. 

The  dehydrogenase  activity  with  steroidal  and  non-steroidal  substrates  co- 
purifies.   Other  evidence  supporting  the  hypothesis  that  both  activities  reside  in 
the  same  protein  include:   similar  heat  denaturation  behavior;  similar  behavior 
with  potential  inhibitors;  and  the  same  pH  optimum.   Also  a  single  protein  band, 
obtained  upon  gel  isoelectric  focusing,  was  extracted  and  was  found  to  contain 
dehydrogenase  activity  toward  both  steroidal  and  aliphatic  secondary  alcohols. 

Kinetic  studies  and  limited  by  the  low  solubility  of  the  substrates,  but  the 

apparent  ic  and  v    are  being  determined  for  a  number  of  steroidal  and  aliphatic 

,   ,  ,    m      max  '^ 

alcohols. 

Cultures  of  I^.  pyriformis  will  be  grown  in  the  presence  of  varied  concentra- 
tions of  unlabeled  steroids.   Growth  inhibition  will  be  measured  by  cell  counting 
in  a  hemocytometer .   A  fixative  technique  has  been  developed  to  immobilize  the 
protozoa  and  Trypan  blue  will  be  used  to  distinguish  between  viable  and  nonviable 
intact  cells. 

Publication:   None. 
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Project  Description: 


Basic  information  on  the  structure  and  molecular  interactions  of  biologically 
important  materials  is  of  significance  to  biochemical  and  biological  research. 
One  of  the  most  promising  approaches  in  obtaining  such  information  is  through  the 
use  of  nuclear  magnetic  resonance.   We  have  recently  applied  several  NMR  techniques 
to  investigate  the  structure  and  conformation  of  two  protein  molecules,  hemerythrin 
and  phospholipase  A_ ;  and  several  organic  compounds. 

Hemerythrin,  a  non-heme  oxygen- carrying  protein  found  in  the  erythrocytes  of 
certain  marine  invertebrates,  normally  is  composed  of  eight  subunits.   Two  types 
of  subunit  have  been  isolated.   These  are  hemerythrin  A  and  hemerythrin  B  which 
differ  slightly  in  the  amino  acid  composition.   Each  subunit  reversibly  binds  one 
molecule  of  oxygen  and  contains  two  iron  atoms.   The  nature  of  the  iron-protein 
linkages  and  the  identity  of  intersubunit  interactions  are  subjects  of  particular 
importance  in  this  protein  system.   NMR  investigation  of  histidine  C  protein  titra- 
tion behaviors  of  both  octameric  and  monomeric  methemerythrins  with  several  small 
anions  was  carried  out  and  the  result  revealed  that  only  two  out  of  total  seven 
histidine  residues  in  hemerythrin  A  are  titratable  (His-34  (pK  '\A.O)    and  His-82 
(pK  -1.6.7)).   This  result  eliminates  the  possiblity  of  these  two  histidines  as 
ligands  to  the  iron  atoms  and  hence  implys  that  a  maximum  number  of  5  histidines 
are  coordinated  to  the  iron  atoms.   Present  results  suggest  that  His-34  is  partially 
harried  inside  the  protein  and  near  or  at  the  site  where  the  subunit  interactions 
taking  place.   His-82,  on  the  other  hand,  appears  to  be  exposed  on  the  surface  of    i 
the  protein.   These  results  also  suggest  that  an  acid  induced  conformational  transi- 
tion takes  place  near  the  site  of  His-34.   This  transition  occurs  at  a  rate  slower 
than  the  NMR  time  scale  which  in  our  case  is  about  610  S   .   Binding  of  anions  at 
the  iron  site  appears  to  affect  the  conformation  of  His-34.   An  extension  of  this 
work  to  the  insight  of  the  metal-metal  and  metal-ligand  linkages  is  being  planned. 

Phospholipase  A  is  an  enzyme,  present  in  high  concentrations  in  snake  and 
bee  venoms  and  in  mammmalian  pancreases,  which  catalyses  the  hydrolysis  of  the 
fatty  acid  ester  bond  at  the  2-position  of  3-sn-phosphoglycerides.   The  enzyme  re- 
quires calcium  ions  for  its  catalytic  activity  and  undergoes  conformational  changes 
upon  binding  of  calcium  ions.   The  nature  of  the  active  site  and  the  mode  of  the 
metal  bindings  are  of  importance  to  the  understanding  of  the  nature  of  enzyme- 
phospholipid  interactions.   Various  techniques,  such  as  proton  NMR,  sedimentation 
equilibrium  and  difference  UV  spectroscopy  are  being  used  to  study  this  protein 
systems.   Preliminary  results  of  proton  NMR  study  on  phospholipases  A„  from  a 
number  of  snake  venoms  show  that  His-47  is  located  at  a  unusual  environment  which 
may  be  located  very  close  to  the  metal  ion  binding  site.   The  enzyme  is  found  to 
exist  predominantly  in  a  dimeric  form  which  binds  two  calcium  ions  with  different 
binding  affinities  (K^  '\^1.4xlO-^,  and  K„  '^^5xlO^)  .   Binding  of  calcium  ions  to  the 
enzyme  from  the  venom  of  naja  naja  atra  produces  conformational  changes  both  in 
the  aromatic  and  aliphatic  regions  as  reflected  from  NMR  and  difference  UV  spectral 
changes.   Several  other  experiments,  including  uses  of  Cadmium-113  NMR,  equilibrium 
dialysis,  fluorescence  measurements  and  CD  spectroscopy  to  unravel  the  structural 
and  metal  binding  problems  of  the  phospholipases  A„  from  different  sources,  are 
being  planned. 
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Proton  NMR  has  been  used  to  determine  relative  Interproton  distances  in  N-methyl- 
imldazole  performed  under  two  different  liquid  crystal  orientations.   The  results 
Indicate  a  hindered  rotation  of  the  methyl  group  about  the  N-C  bond:   in  the 
preferred  conformation  a  C-H  bond  of  the  methyl  is  in  the  ring  plane  pointing  away 
from  the  CC-H  bond. 

Investigation  of  the  stereochemical  dependence  of  the  sign  and  magnitude  of 
coupling  constants  on  geometry  has  been  carried  out  in  els-  and  trans-  aldonltrones, 
aldmines,  ketlmines  and  oxaziridines.   Absolute  sings  of  the  coupling  constants 
for  the  els-  and  trans-  isomers  were  deduced  from  [   C]-  H,  [   N]-_H,^and  [  H]-   C 
spin  tickling  experiments.   In  general,  the  measured  J(   NH)  and   J(   NH)  values 
for  these  systems,  with  the  exception  of  J(  NH)  for  aldonltrones,  are  in  satis- 
factory agreement  with  the  INDO-  and  CND0/2-FPT  calculated  values  obtained  using 
model  systems. 

Publications: 

1.  Khetrapal,  C.  L.  ,  Chatterjee,  C.  L. ,  and  Yeh,  H.  J.  C. :   NMR  spectra  of 
oriented  biologically  important  molecules.   The  structure  and  conformation  of 
N-methylimldazole.   Chem.  Phys.  Letts.  ,  76,  553-556,  1980. 

2.  Boyd,  D.  R. ,  Stubbs,  M.  E. ,  Thompson,  N.  J.,  Yeh,  H.  J.  C. ,  Jerlna,  D.  M.^_ 
and  Wasylishen,  R.  E. :   Nitrogen- 15  coupling  constants;   Geminal  coupling,   J(   NH) , 
in  cis-  and  trans-  aldonltrones  and  vicinal  coupling,   J(   NH) ,  in  cis-  and  trans- 
ketimines,  oxaziridines  and  nitrones.   Org.  Mag.  Resonance,  14,  528-533,  1980. 
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The  primary  goal  of  this  work  is  to  contribute  to  the  investigation  and 
solution  of  basic  biological  and  medical  problems.   This  is  being  done  by  the 
application  of  chemistry  to  the  isolation  and  study  of  biomolecules,  by  the 
synthesis  and  study  of  chemical  compounds,  and  by  the  study  of  the  interactions 
of  chemicals  and  biologicals  with  normal  and  tumor  cells  in  vitro  and  with 
tumor  cells  and  tumors  in  mice.   Areas  of  special  interest  are  organic  chemistry, 
biochemistry,  medicinal  chemistry,  cell  biology,  tissue  culture,  cancer  chemo- 
therapy, and  selenium  chemistry. 
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Project  Description: 

The  objective  of  this  project  is  to  make  contributions  to  the  investigation 
and  solution  of  basic  biological  and  medical  problems  by  the  application  of 
chemical,  physical,  and  biological  methods. 

Lethality  from  cancer  frequently  results  from  metastases  arising  from  cells 
of  the  primary  tumor.   The  focus  of  present  work  is  the  study  of  cancer  metastases 
in  the  mouse.   The  purposes  of  this  study  are:   (a)  to  increase  our  understanding 
of  the  mechanisms  operating  at  the  various  stages  in  the  formation  of  metastases, 
(b)  to  study  the  effects  of  chemicals  and  biologicals  on  metastases  and  their 
development,  and  (c)  to  apply  the  knowledge  obtained  thereby  to  the  development 
of  biological  materials  and  chemical  compounds  of  potential  use  in  inhibiting  the 
formation  of  metastases  or  selectively  destroying  them  in  human  beings.   The 
findings  of  these  studies  may  also  contribute  to  the  investigation  of  other  bio- 
logical and  medical  problems. 

A  neutral  protease  has  been  isolated  from  cultures  of  cells  of  the  highly 
invasive  and  metastatic  murine  tumor,  T241-PMT.   This  enzyme  preferentially  degrades 
type-IV  collagen,  the  principal  collagen  of  basement  membrane,  and  may  play  a 
decisive  role  in  the  invasiveness  of  tumors,  since  the  basement  membrane  is  one  of 
the  principal  barriers  to  invasion  by  tumor  cells.   The  level  of  type-IV  collageno- 
lytic  activity  produced  by  various  murine  tumor  cell  lines  has  been  found  to 
correlate  with  their  metastatic  potency.   If  this  type  of  enzyme  activity  does 
play  a  critical  role  in  tumor  invasiveness,  it  may  provide  a  route  to  interference 
with  the  process  of  metastasic  formation.   Antiserum  to  the  purified  enzyme  has 
been  produced  in  the  rabbit.   The  antisera  obtained  so  far  exhibit  little  inhibi- 
tion of  type-IV  collagenase,  but  antibody  to  the  enzyme  has  been  demonstrated  by 
immunof luoresscence  studies.   Pretreatment  of  the  T241-PMT  cells  with  the  anti- 
serum in  vitro  and  injection  of  the  cells  intravenously  produced  very  few  lung 
metastases;  whereas,  the  untreated  control  cells  produced  many.   This  experiment 
has  been  repeated  with  the  same  result.   That  pretreatment  of  the  cells  with  anti- 
serum does  not  destroy  them  in  vitro  is  indicated  by  cell  viability  tests,  cyto- 
toxicity tests  without  and  with  complement,  and  production  of  tumors  by  intra- 
muscular injection  of  the  pretreated  cells.   Further  study  is  necessary  to  estab- 
lish the  mechanism  of  this  effect. 

During  the  metastatic  process  attachment  of  tumor  cells  to  basement  membrane 
must  precede  penetration.   Differences  in  the  ability  of  tumor  cells  to  attach  to 
basement  membrane  may  be  a  factor  in  differences  in  their  metastatic  potencies. 
Certain  metastatic  cells  attach  preferentially  to  type-IV  collagen  over  other 
types  of  collagen  or  plastic.   The  attachment  of  epithelial  cells  to  type-IV 
collagen  is  mediated  by  laminin,  a  high  molecular  weight  basement  membrane 
glycoprotein.   Two  metastatic  murine  cell  lines,  B16-BL6  and  T241-PMT,  Attach 
preferentially  to  type-IV  collagen,  and  laminin  increased  the  rate  and  extent  of 
attachment.   Cycloheximide,  an  inhibitor  of  protein  synthesis,  inhibited  the 
attachment  of  the  BL6  and  PMT  cells  to  type-IV  collagen  and  the  inhibition  was 
overcome  by  added  laminin.   Antibodies  to  laminin  also  prevented  the  attachment  of 
the  cells  to  type-IV  collagen.   These  results  indicate  that  the  two  metastatic  cell 
lines  utilize  laminin  to  bind  to  type-IV  collagen.   Cells  whose  attachment  to  type- 
IV  collagen  was  mediated  by  laminin  had  five  times  the  metastatic  potency  of  un- 
bound cells  or  of  cells  attaching  with  fibronectin  as  measured  by  the  number  of 
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lung  metastases  produced  by  intravenous  injection  of  the  cells.   Laminin  mediated 
attachment  of  tumor  cells  to  type- IV  collagen  may  provide  a  means  for  selection  of 
highly  metastatic  variants  in  a  heterogeneous  tumor  cell  population.   Incubation 
of  the  cells  with  antibody  to  laminin  prior  to  intravenous  injection  markedly  re- 
duced their  metastatic  activity,  suggesting  that  laminin  is  required  by  cells  for 
attachment  during  the  metastatic  process. 

In  the  metastatic  process  endothelial  cells  may  also  play  a  role.   Unless 
there  are  gaps  between  endothelial  cells  of  veins  and  capillaries  at  some  locations, 
circulating  tumor  cells  first  encounter  endothelial  cells.   A  system  is  being 
developed  for  studying  the  interactions  of  human  tumor  cells  with  human  endothelial 
cells  on  human  basement  membrane  in  vitro. 

Publications: 

1.  Garbisa,  S. ,  Kniska,  K. ,  Tryggvason,  K. ,  Foltz,  C.  M. ,  and  Liotta,  L.  A.: 
Quantitation  of  basement  membrane  collagen  degradation  by  living  tumor  cells  in 
vitro.   Cancer  Letters.  9,    359-366  (1980). 

2.  Terranova,  V.  P.,  Foltz,  C.  M. ,  Murray,  J.  C,  and  Martin,  G.  R. :   Laminin 
as  an  attachemnt  factor  for  metastatic  cells.   Am.  Assn.  Cancer.  Proc.  72nd  Ann. 
Mtg.,  22^,  14  (1981). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  objective  of  this  project  is  to  define  the  initial,  intra-cellular 
events  of  steroid  hormone  action.   Synthetic  glucocorticoid  derivatives,  some  of 
which  could  react  to  form  covalently  labeled  receptors  via  affinity  labeling, 
are  being  used  with  glucocorticoid-responsive  rat  hepatoma  tissue  culture  cells 
to  examine:   (1)  steroid-receptor  binding  site  interactions;  (2)  the  effects  of 
steroid  binding  on  receptor  conformation;  and  (3)  the  nature  of  "activation"  of 
receptor-steroid  complexes.   In  the  course  of  preparing  these  synthetic  gluco- 
corticoids, we  have  uncovered  some  new  steroid  chemistry,  i.e.,  a  new,  base- 
catalyzed  cleavage  of  C^.. -steroids  to  give  17-keto-steroids  and  a  facile,  high 
yield  conversion  of  C-l7'^a-keto-mesylates  of  glucocorticoids  to  spiro  C-17 
oxetan-3-ones.   One  of  these  synthetic  steroids  (dexamethasone-21-mesylate  [DM]) 
is  a  potent,  irreversible  antiglucocorticoid.   Further  experiments  indicate  that 
DM  is  the  first  affinity  label  for  the  steroid  binding  site  of  glucocoticoid 
receptors.   A  patent  has  been  filed  to  cover  DM  and  related  compounds. 
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Project  Description: 


Glucocorticoid  steroid  specific  events  are  induced  by  nanomolar  concentrations 
of  hormone  in  responsive  cells.   Because  the  type  of  biological  activity  produced 
by  a  given  steroid  in  a  responsive  cell  is  almost  certainly  determined  by  the 
individual  steroid-receptor  interactions,  a  molecular  description  of  steroid- 
receptor  interactions  ultimately  will  be  required  for  a  better  understanding  of 
glucocorticoid  hormone  action.   With  this  end  in  mind,  we  have  prepared  a  number 
of  new  synthetic  steroids  and  have  examined  their  interactions  with  the  receptors 
from  rat  hepatoma  tissue  culture  (HTC)  cells.   During  the  preparation  of  these 
steroids,  several  new  aspects  of  steroid  chemistry  have  been  uncovered. 


(e.g 


First,  a  new  base-catalyzed  cleavage  of  C„  -steroids  to  give  17-keto-steroids 
,  ,  l-*-2)  was  discovered.   This  reaction  occurs  only  with  those  steroids 


containing  a  C-17-dihydroxy  acetone  side  chain  and  appears  to  proceed  in  the  absence 
of  oxygen.   This  sequence  should  be  particularly  useful  for  molecules  which  contain  | 
groups  that  are  unstable  under  the  usual  oxidative  cleavage  conditions,  e.g.,  thio 
ethers,  1,2-diols  and  at  least  some  a-hydroxy  ketones.   This  reaction  (e.g.,  _1-^^) 
should  be  of  some  diagnostic  utility  since  it  is  specific  for  the  C-17-dihydroxy 
acetone  functional  group.   In  the  presence  of  oxygen,  the  same  reaction  conditions 
readily  degrade  corticosterone  to  the  17B-carboxylic  acid. 

Second,  a  facile,  high  yield  conversion  of  steroidal  C-17  side  chain  a-keto 
mesylates  to  spiro  C-17-steroidal  oxetan-3'-ones  (e.g.,  2^)    has  been  discovered. 


This  reaction,  involving  treatment  with  strong  base  (KOH,  NaOMe  or  potassium  t- 
butoxide)  in  EtOH  or  THF,  represents  a  major  improvement  for  the  preparation  of 
these  steroid  derivatives  and  may  constitute  a  general  procedure  for  the  prepara- 
tion of  other  oxetan-3-ones.   Possible  deconjugation  of  the  steroidal  a,3-unsat- 
urated  ketone  group  and  acid  catalyzed  rearrangement  of  the  oxetan-3-one  during 
reaction  and  workup  have  been  avoided.   The  oxetan-3-one  group  resists  thiol 
addition,  to  give  a  hemithioketal,  in  spite  of  the  strain  incurred  by  an  sp   carbon 
in  a  four-membered  ring. 
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The  synthetic  steroid  which  is  of  greatest  interest  in  our  studies  of  steroid- 
receptor  interactions  in  dexamethasone-21-mesylate  (DM) .   We  recently  described  the 
biological  properties  of  an  a-keto  mesylate  derivative  of  Cortisol,  i.e.  CM.   CM 
exhibited  long-term  antiglucocorticoid  activity,  but  there  was  no  firm  evidence 
that  this  activity  was  irreversible  or  receptor-mediated.   Therefore  we  prepared 
the  a-keto  mesylate  derivative  of  the  more  active  glucocorticoid  dexamethasone  in 
hopes  of  obtaining  a  more  potent,  long  acting  antiglucocorticoid  that  could  also 
be  a  steroid-specific  affinity  label  of  glucocorticoid  receptors.   DM  is  relatively 
stable,  like  CM,  but  possesses  greater  whole-cell  antiglucocorticoid  activity. 
However,  DM  also  possesses  partial  agonist  activity,  which  is  expressed  at  somewhat 
higher  concentrations  of  DM  than  the  antagonist  activity.   DM  is  more  efficient 
than  CM  in  competing  for  dexamethasone  binding  to  glucocorticoid  receptors. 
Furthermore,  DM  is  effective  at  lower  concentrations  than  CM  in  causing  long-term, 
apparently  irreversible  antiglucocorticoid  effects  in  whole  and  broken  cells. 
The  cell-free  effect  of  DM  is  specifically  prevented  by  co-incubation  with  an  excess 
of  Cortisol.   These-facts  argue  that  the  apparently  irreversible  effects  of  DM  are 
steroid-mediated.    H-DM  has  been  used  to  identify  a  glucocorticoid-competable, 
covalently  labeled  fraction  on  SDS-polyacrylamide  gels  with  a  molecular  weight  of 

85,000.  Thus  DM  appears  to  be  the  first  affinity  label  for  glucocorticoid  re- 
ceptors. A  patent  has  been  filled  to  cover  DM  and  the  a-keto  mesylates  of  other 
glucocorticoids . 

In  an  effort  to  obtain  a  fluorescent,  covalent  receptor-steroid  complex,  we 
have  recently  developed  a  new  methodology  for  affinity  labeling  which  we  call 
fluorescent  chemo-af f inity  labeling  (FCAL) .   In  FCAL,  o-phthaladehyde  specifically 
cross-links  primary  amines  and  thiols  to  give  strongly  fluorescent  l-alkylthio-2- 
alkylisoindoles  in  high  yields.   Since  these  isoindoles  were  previously  unknown,  we 
were  interested  in  their  chemistry  and  in  obtaining  an  unambigious  proof  of  their 
structure.   Therefore,  the  reactions  of  l-alkylthio-2-(n-propyl) isoindoles  with 
various  dienophiles  were  investigated.   Reactions  with  dimethyl  acetylenedicarboxy- 
late  (DMAC)  yielded  stable  1:1  adducts  which  are  dark  red,  a-substituted  isoindoles 
with  a  fumarate  side  chain.   The  crystalline  1:1  adduct  5_,    formed  from  1-ethylthio- 
2-(n-propyl)isoindole  and  DMAC  was  found  to  exist  as  a  sterically  congested,  intra- 
molecular charge- transfer  complex.   This  steric  crowding  undoubtedly  contributes  to 
the  stability  of  the  isoindole  and  forces  the  plane  of  the  fumarate  side  chain  to 
be  approximately  perpendicular  to  the  isoindole  ring.   The  structural  conclusions 
were  confirmed  by  an  X-ray  structure  detrmination  of  5^,  which  also  represents  the 
first  X-ray  structure  determination  of  an  isoindole.   In  addition,  these  studies 
unambiguously  identify  isoindoles  as  the  products  of  the  reaction  of  o-phthalaldehyde 
and  thiols  with  primary  amines.   The  formation  of  a  fumarate-substituted  isoindole 
is  analogous  to  the  reactions  of  DMAC  with  pyrrole.   However,  spectroscopic  and  X-ray 
structural  data  show  that  the  substituted  isoindole  _5  possesses  considerable  aromatic 
character  and  is  not  simply  a  1,3-butadiene  annulated  pyrrole. 

We  are  applying  organic  chemistry  to  the  study  of  an  important  biological 
molecule(s)  -  the  intracellular  glucocorticoid  receptor(s).   These  studies  are 
yielding  useful,  new  information  not  only  about  the  glucocorticoid  receptor-steroid 
complex  but  also  about  basic  steroid  chemistry. 
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ANNUAL  REPORT 
LABORATORY  OF  EXPERIMENTAL  PATHOLOGY 

The  Laboratory  of  Experimental  Pathology  has  continued  a  variety  of 
research  projects. 

The  Office  of  the  Chief  conducts  work  for  the  whole  NIAMDD.   The  services 
which  are  major  assets  to  the  institute  include  electron  microscopy  (EM)  and 
histopathology .   During  the  last  year  Dr.  Bladen's  EM  unit  has  been  involved 
both  long  term  studies  and  screening  of  samples.   The  histopathology  tissue 
laboratory  under  Ms.  Reveal  has  continued  to  provide  technical  assistance  to 
the  investigators  of  the  Laboratory  of  Experimental  Pathology  and  to  other 
units  at  the  NIH  who  require  such  technical  help.   A  considerable  part  of  the 
tissue  laboratory's  work  is  concerned  with  providing  a  wide  variety  of  special 
histologic  techniques  adjusted  to  the  various  research  projects  as  shown 
below: 

Specimen         Stained  slides  Spare 

Accessioned       Routine  Special         Slides  Total 

Animals     171  638    552  1032 

Human        8 18 18 

179  656    552  1050 
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The  Section  on  Chemical  Pathology  has  continued  work  in  virology,  cell 
biology,  and  tissue  culture.   Much  of  this  work  has  concerned  interferon  and 
the  molecular  biology  of  DNA  virus  replication  and  their  implications  for  cell 
biology. 

The  work  on  interferon  has  involved  studies  on  its  mechanisms  of  action. 
Interferons  have  been  found  to  inhibit  the  replication  of  murine  leukemia 
viruses  and  in  some  systems,  of  vesicular  stomatitis  virus  by  hitherto 
unrecognized  mechanisms  of  action.   These  viruses  fail  to  bud  from  the  surface 
of  inter feron-treated  cells  or  undergo  an  abnormal  assembly  process.   The 
latter  may  be  related  to  a  defect  in  the  glycosylation  of  viral 
glycoproteins.   This  may  in  turn  be  related  to  an  induced  changed  in  cell 
membranes  following  treatment  with  interferons. 

Other  work  on  interferons  has  centered  on  various  enzymes  that  are  related 
to  the  activities  of  interferons.   These  include  2' 5' A  synthetase,  a  protein 
kinase,  a  phosphodiesterase,  and  a  2' 5' A  dependent  endoribonuc lease.   In  a 
mouse  cell  line  which  is  insensitive  to  interferon  (NIH-3T3)  the  latter  enzyme 
is  missing.   The  presence  of  the  endonuclease  also  appears  to  be  necessary  for 
the  cell  growth  inhibitory  action  of  mouse  interferon.   In  addition,  study  of 
a  halogenated  activator  of  the  interferon  system  suggests  that  activation  of 
the  kinase  system  does  not  necessarily  induce  an  inhibition  of  viral  protein 
synthesis . 
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Work  on  the  molecular  biology  of  adeno-associated  virus  (AAV)  has 
proceeded  on  many  fronts.   We  have  studied  several  non- infectious,  defective 
AAV  particles.   These  seem  to  arise  by  recombination.   We  hope  that  such 
studies  will  elucidate  the  functions  of  AAV-DNA  segments.   On  the  other  hand, 
studies  on  AAV  DMA  replication  indicate  a  close  relationship  between  viral  DNA 
synthesis  and  assembly.   In  these  experiments  the  accumulation  of  single 
stranded  AAV-DNA  has  been  dissociated  from  the  formation  of  AAV  replication 
complexes. 

AAV  transcription  and  translation  and  also  under  intensive  study.   We  have 
carried  out  experiments  on  AAV  transcription  with  temperature  sensitive  (ts) 
mutants  of  adenovirus.   These  have  helped  to  define  which  adenovirus  functions 
are  important  in  AAV  transcription.   Mutants  of  adenovirus  have  also  been 
employed  to  study  the  translation  of  AAV  messenger  RNA.   Selected  mutations  in 
the  adenovirus  helper  greatly  alter  the  translation  pattern  of  AAV  mRNA.   The 
mechanism  of  the  interaction  between  adenovirus  and  AAV  is  of  some  importance 
since  malignant  transformation  of  cells  induced  by  adenoviruses  is  blocked  by 
AAV. 

The  section  on  cytogenetics  has  carried  out  both  clinical  and  research 
studies.   In  irradiated  mice  the  kinetics  of  the  replication  of  transfused 
plurepotential  stem  cell  from  normal  mice  suggest  that  proliferation  of  such 
cells  in  normal  animals  is  inhibited  by  a  plasma  factor  that  may  be 
inactivated  by  irradiation.   A  new  technique  has  been  developed  for  karyotypic 
diagnosis  of  patients  referred  for  routine  screening.   Additional  studies 
include  work  on  the  control  of  ribosomal  genes  of  animal  somatic  cells.   Other 
basic  studies  being  carried  on  in  this  section  include  genetic  analysis  of 
inbred  mouse  strains  in  order  to  determine  whether  there  is  a  specific  genetic 
defect  that  gives  rise  to  hereditary  autoimmune  diseases.   So  far  no  such 
correlation  has  been  found.   Cytogenetic  studies  of  NZB  mice  have  partially 
elucidated  the  nature  of  their  immunological  defects.   Flow  cytometric  studies 
are  being  employed  to  aid  several  studies  in  this  section. 

In  addition  to  in  vitro  studies  and  studies  on  animals,  the  section  on 
cytogenetics  is  responsible  for  cytogenetic  studies  on  NIH  patients  and  their 
families.   For  instance,  a  specific  deletion  of  the  short ■ arm  of  chromosome 
11   has  been  identified  and  is  associated  with  aniridia  and  mental 
retardation. 

The  section  on  molecular  pathology  has  continued  its  work  on  amyloidosis. 
Specifically,  this  section  is  investigating  the  relationship  between  systemic 
amyloidosis  and  acquired  clotting  factor  X  deficiency.   Another  study  is 
investigating  the  pathogenesis  of  Alzheimer's  disease,  since  this  is 
associated  with  amyloid  deposits  in  the  central  nervous  system. 

The  section  on  biophysical  histology  has  continued  its  work  on  genetic 
studies  of  nerve  cell  shape  in  snails.   In  order  to  aid  in  this  work,  highly 
fluorescent,  water  soluable  compounds  have  been  developed. 

Finally,  the  section  on  cellular  function  and  ultrastructure  is 
investigating  the  effect  of  sodium  butyrate  on  the  increased  production  of 
coated  pits  in  HeLa  cells.   Other  work  has  concentrated  on  the  immunochemical 
localization  of  catechol-o-methyl  transferase  in  tissues  and  the  elasticity  of 
cartilage. 
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The   tissue   laboratory  will   continue   to  provide   technical  assistance   to   the 
investigators   of    the   Laboratory   of  Experimental   Pathology   and    to    those   of 
other  units    at   the  NIH  who  require   technical  help.      A  considerable   part   of   the 
tissue    laboratory's  work   is  concerned  with  providing  a  wide  variety  of   special 
histologic   techniques   adjusted   to   the  various  research   projects   as   shown 
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In  a    study  of   the  morphological   changes    induced   by   sodium  butyrate 
treatment   of  Hela   cells,    it  was    found   that    the   addition  of   this    compound   to 
the   culture  medium  resulted   in   the   rapid   (5  minute),    and   significant    (40-60%) 
increase   production  in  the  numbers   of  coated   pits   of  peripheral  coated 
vesicles.      This    change    is    the   earliest   effect  of    sodium  butyrate  yet   reported, 
and  may   reflect   the  process  by  which   this    transforming  agent   is    internalized 
by   the   cells.      Whether   or  not  butyrate  binds    to  a   specific   receptor   remains   to 
be  examined,    although   coated  vesicle   production  appears   to  be   the  means  by 
which   specific   receptors   are   internalized. 

In  a  continuation  of  studies   of   the   immunocy tochemical   localization  of 
catechol-o-methyl    transferase   (COMT)    the  distribution  of    the   enzyme    in   rat 
salivary  gland  was   examined.      COMT  was   found   localized  primarily   in 
niyoepithelial   cells    and   in   small  basal   cells   of    the   excretory   duct   system. 
The    function  of  small  basal   cells    in   the   excretory   duct   system  is   unknown. 
Myoepithelial   cell    localization  of  COMT  has   also  been  observed    in  other 
tissues   and  may  be  related   to  adrenergic   stimulation  of   these   contractile 
elements. 

Publications: 

1.  Inoue,  K.,  Tice,  L.  W. ,  and  Creveling,  C.  R.:  Immunocy tochemical  location 
of  catechol-o-methyltransferase  in  the  pregnant  rat  uterus.  Endocrinology 
107:      1833-1840,    1980. 
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If  cartilage  is  assumed  to  be  an  osmotically  active  gel  that  is  restrained 
from  expanding  by  inextensible  collagen  fibers,  one  might  expect  that  when 
load  is  applied  to  it,  little  compression  would  occur  until  the  load  equals 
the  aggregate  tension  in  the  collagen  fibers  before  the  load  was  applied.   I 
have  not  found  this  to  be  true:   Alice  Maroudas  find  that  it  is  (see:   for 
example,  page  265  ff.  in  Adult  Articular  Cartilage.   M.A.R.  Freeman  ed. 
Pitman,  Tunman,  Cambridge  Wells,  England,  1978).   As  the  expected  behavior 
might  have  been  masked,  in  my  1962  experiments,  by  imperfect  fitting  of  the 
loading  plunger  to  the  cartilage,  I  have  been  experimenting  with  a  new 
apparatus  in  which  load  is  applied  by  liquid  that  pressess  a  thin  rubber  sheet 
against  the  cartilage. 
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Mechanical  properties  of  cartilage 

If  cartilage  is  assumed  to  be  an  osmotically  active  gel  that  is  restrained 
from  expanding  by  inextensible  collagen  fibers,  one  might  expect  that  when 
load  is  applied  to  it,  little  compression  would  occur  until  the  load  equals 
the  aggregate  tension  in  the  collagen  fibers  before  the  load  was  applied.   I 
have  not  found  this  to  be  true  (C.  W.  McCutchen,  1962  Wear  5,  1-17):  Alice 
Maroudas  find  that  it  is  (see:   for  example,  page  265  ff.  in  Adult  Articular 
Cartilage.   M.A.R.  Freeman  ed.  Pitman  Tunman,  Cambridge  Wells,  England, 
1978).   As  the  expected  behavior  might  have  been  masked,  in  my  1962 
experiments,  by  imperfect  fitting  of  the  loading  plunger  to  the  cartilage,  I 
have  been  experimenting  with  a  new  apparatus  in  which  load  is  applied  by 
liquid  that  pressess  a  thin  rubber  sheet  against  the  cartilage. 

Propaganda 

A  chapter  on  joint  lubrication  is  being  prepared  for  "Cartilage",  B.K. 
Hall,  M.D.  editor.  Academic  Press,  New  York. 

Publications; 

1.   McCutchen,  C.  W. :   Joint  Lubrication  in  Clinics  in  Rheumatic  Diseases.   In 
Hasselbacher,  P.  (Ed):   The  Biology  of  the  Joint.   London,  W.  B.  Saunders 
(In  press). 
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Continuing  studies  with  the  dye,  Lucifer  Yellow,  have  been  carried  out  in 
conjunction  with  electron  microscopy. 

Studies  have  continued  on  the  genetics  of  nerve  cell  shape  using  che  snail 
Biomphalaria  glabrata  as  an  experimental  animal. 
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Chemistry  of   3,6-Disulfonated  4-Aminonaphthalimides ; 

3,6-Disulf onated  4-aininonaphthalimides   are   stable,    highly   fluorescent, 
water-soluble   compounds.      A  general    synthesis   of    these   compounds   has  been 
devised:      a   primary   amine    is    condensed    in  aqueous   acid  with 
4-amino-3, 6-disulfonaphthalic   anhydride,    and   the  product    is    isolated  as    its 
crystalline   potassium,    sodium,    or    lithium  salt.      The   anhydride    is    interesting 
because    it    is    stable    indefinitely   in  boiling  water   and  crystallized   readily 
when   the   solution   is    cooled.      Because   of   their   intense   yellow-green 
fluorescence,    solubility   in  water,    and   ability    to  be  bound    to   cells    and 
tissues,    two   of   these  4-aminonaphthalimides   have   proved  useful   as  biological 
tracers,    and   their   synthesis  has   been  worked   out    in  detail. 

Studies   of  Neuron  Structure   and  Physiology  with  Lucifer  Yellow: 

Among    the   compounds    described    in   the  previous   paragraph    is   Lucifer  Yellow 
CH,    an   intensely   fluorescent   dye  used    for   intracellular  marking  of  nerve 
cells.      A  method  has   also  been   devised    for   studying    the   physiology  of   cells 
backfilled  with  Lucifer   Yellow  CH.      The  method   permits    identification  of  cells 
by    their   axonal  projections  before    their    characterization  by    intracellular 
recording. 

Genetics   of  Nerve  Cell    Shape; 

Studies  have   continued   on   the   genetics   of  nerve   cell    shape,    using   as    an 
experimental   animal    the   snail   Biomphalaria   glabrata.      B.    glabrata  was    chosen 
because   of   its    suitability   for   neurophysiology,    neuroanatomy,    genetics,    and 
convenient    rearing   in   the    laboratory.      Our   preliminary    findings    are   as 
follows:      (a)      Over    170   presumably   isogenic   lines   of  B.    glabrata  have  been 
produced   by   inbreeding.      (b)      Gross    anatomical   and  pigmentation  variants   have 
been    identified,    and    some  were    found   probably    to  be   controlled  by   alleles   at   a 
single    locus.      (c)      Identified   neurons    are  being    studied   by    several  methods: 
injection  with  Lucifer  Yellow,    electrophysiology,    histochemistry    (including 
neurosecretion),    and  electron  microscopy.      (d)      Several   anatomical  variants   of 
the  nervous   system  have  been  recognized,    and   studies   of   the   anatomy, 
neurophysiology,    and   genetics   of    these  variants    are   in  progress. 

The    isozyme   patterns   of   these    lines   are   being   studied   to    see  whether    the 
lines   are   in   fact   isogenic. 

Publications: 
None 
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It  is  the  purpose  of  this  project  to  study  the  chemistry  and  structure 

of  amyloid  and  amyloid  related  proteins,  e.g.  in  Alzheimer's  disease.   The 

main  topics  of  present  interest  are: 

1)   Isolation  and  chemical  characterization  of  amyloid  fibril  protein  from 
various  types  of  systemic  amyloidosis  and  localized  amyloid  deposits. 
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Factor  X  Deficiency  and  Systemic  Amyloidosis 

The  association  of  an  isolated  acquired  factor  X  (Stuart-factor)  deficiency 
and  systemic  acquired  amyloidosis  has  been  sporadically  reported  over  the  last 
15  years,  and  over  two  thirds  of  the  patients  with  acquired  factor  X  deficiency 
have  systemic  amyloidosis.   These  facts  suggest  that  an  important  relation 
exists  between  the  two  entities.   In  view  of  the  isolated  nature  of  the  factor  X 
deficiency  it  does  not  appear  reasonable  to  implicate  hepatocellular  destruction 
by  amyloid  infiltrates  as  the  causative  mechanism,  since  most  patients  with 
acquired  factor  X  deficiency  have  normal  levels  of  other  coagulation  factors 
known  to  be  of  hepatocellular  origin.   In  addition,  cases  of  factor  X  deficiency 
with  minimal  hepatic  involvement  by  amyloid  have  been  reported. 

Since  isolated  acquired  factor  X  deficiency  is  only  rarely  encountered  in 
systemic  amyloidosis,  the  explanation  for  the  association  of  these  two  processes 
is  not  readily  apparent.   Part  of  the  answer  seems  to  be  that  almost  all  cases  of 
isolated  factor  X  deficiency  associated  with  amyloidosis  are  found  with  amy- 
loidosis of  the  clinically  "primary"  type.   A  considerable  body  of  evidence  has 
demonstrated  that  amyloid  deposits  from  cases  of  clinically  "primary"  disease 
have  as  the  major  protein  component  of  the  amyloid  fibrils  (which  make  up  the 
characteristic  structural  feature  of  amyloid  deposits)  the  light  polypeptide 
chain  of  an  inimunoglobulin  protein  or  its  variable  region  fragment.   These  light 
chains  appear  to  have  unusual  characteristics  that  confer  upon  them  the  capacity 
to  form   3-pleated  sheet  fibrils  after  limited  proteolysis.   The  chemical  nature 
of  these  g-pleated  sheet  fibrils  will  differ  from  case  to  case,  depending  on  the 
|;-ariation  of  the  aminoterminal  amino  acid  sequence  of  the  light  chains  of  which 
^he  fibrils  are  composed.   In  the  amyloidosis  of  immunoglobulin  origin,  there- 
fore, the  amino  acid  composition,  sequence  and  interaction  of  the  exposed  side 
chains  comprising  the  g-pleated  sheet  fibril  should  differ.   On  the  other  hand, 
amyloid  fibrils  in  the  so-called  "secondary"  disease  have  as  their  major  component 
a  unique  protein,  designated  protein  AA,  having  in  all  cases  a  shared  amino  acid 
.sequence  and  differeing  occasionally  only  in  molecular  weight.   In  such  cases 
interaction  of  the  exposed  side  chains  comprising  the  3-pleated  sheet  fibril 
should  be  similar,  if  not  identical.   Thus,  though  both  types  of  amyloidosis 
have  g-pleated  sheet  fibrils,  the  difference  between  the  two  depends  on  the 
chemical  variability  of  the  fibrils  from  case  to  case  in  the  primary  type. 

Our  present  studies  have  demonstrated  that  amyloid  fibrils  isolated  from  a 
case  of  factor  X  deficiency  in  which  the  fibril  was  composed  of  a  portion  of  a 
lambda  light  polypeptide  chain  had  a  10-fold  greater  affinity  for  factor  X  then 
did  amyloid  fibrils  of  comparable  chemical  composition  from  a  case  without 
factor  X  deficiency.   The  latter,  moreover,  had  a  2-fold  greater  affinity  for 
factor  X  than  did  amyloid  fibrils  from  a  case  of  "secondary"  amyloidosis 
composed  of  AA  type  protein.   A  study  of  binding  constants  of  factor  X  to  a  wide 
variety  of  amyloid  fibrils  of  diverse  chemical  composition  and  a  study  of  the 
mechanism  of  specific  factor  X  binding  to  the  fibrils  are  in  progress. 

Pathogenesis  of  Alzheimer's  Disease 

A  study  of  45  cases  of  documented  Alzheimer's  disease  revealed  a  wide 
ariation  in  the  ratio  of  neurofibrillary  tangles  to  neuritic  "senile"  plaques 
resent  in  the  cortices.   An  examination  of  the  histories  of  these  patients 
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Pathogenesis  of  Alzheimer's  Disease  (continued) 

revealed  that  tangle  formation  was  most  apparent  in  the  early  stages  of  the 
disease  while  as  the  disease  progressed  neuritic  plaques  became  more  numerous. 
These  findings  are  consistent  with  the  theory  that  plaque  formation  is  progressive 
in  situ  with  early  (primative)  plaques  containing  little  or  no  amyloid  material 
while  late  (mature)  plaques  contain  an  amyloid  core.   It  would,  therefore,  appear 
that  as  neuronal  degeneration  progresses,  byproducts  of  neuronal  protein  degradation, 
e.g.  neurofilament  protein  are  deposited  extracellularly  as  the  amyloid  core  of  the 
neuritic  plaque.   Immunohistochemical  studies  are  presently  in  progress  to  determine 
the  chemical  nature  of  the  plaque's  amyloid  core  following  their  isolation. 

Examination  by  histochemical  techniques  have  identified  two  types  of  plaques  in 
the  cortices  of  Alzheimer's  patients.   One  as  noted  above  is  the  neuritic  plaque 
which  fails  to  react  for  tyrosine  or  tryptophan.   Plaques  adjacent  to  vessels 
involved  in  Congophilic  angiopathy  reveal  prominent  tyrosine  and  tryptophan  re- 
activity as  do  the  vascular  amyloid  deposits.   It  is  suggested  by  these  findings 
that  perivascular  plaques  are  continuous  with  the  vascular  amyloid  of  the  Congo- 
philic angiopathy  observed  in  89%  of  a  recent  series  of  patients  with  Alzheimer's 
disease.   Methods  have  recently  been  developed  to  isolate  in  a  pure  state,  i.e. 
devoid  of  brain  parenchyma,  cerebral  vessels  ranging  in  size  from  major  arteries 
to  channels  of  80  mu  diameter.   Procedures  are  underway  to  isolate  the  vascular 
amyloid  fibrils  and  to  identify  their  origin  by  both  chemical  and  immunochemical 
means.   The  identification  of  this  fibril  protein;  its  origin  and  mechanism  of 
deposition  will  provide  insight  into  the  pathogenesis  of  Alzheimer's  disease. 

Publications: 


S.  Fujihara,  J.  E.  Balow,  J.  C.  Costa  and  G.  G.  Glenner:   Identification 
and  classification  of  amyloid  in  formalin-fixed,  paraffin-embedded  tissue 
sections  by  the  unlabeled  immunoperoxidase  method.   Lab.  Invest.  43: 
358-365,  1980. 

S.  Fujihara  and  G.  G.  Glenner:   Primary  localized  amyloidosis  of  the 
genitourinary  tract:   Immunohistochemical  study  on  eleven  cases.   Lab. 
Invest.  44:  55-60,  1981. 

G.  G.  Glenner:  Amyloidosis  (Letters  to  the  Editor  response).  New  Eng. 
J.  Med.   303:  821,  1980. 

G.  G.  Glenner:   The  bases  of  the  staining  of  amyloid  fibers:   Their  physico- 
chemical  nature  and  the  mechanism  of  their  dye-substrate  interaction. 
Progress  in  Histochemistry  and  Cytochemistry.   Vol.  13,  1981  (in  press). 
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Kinetics  of  transfused  pluripotential  stem  cells  in  normal  mice 

For  the  past  3  years,  in  collaboration  with  Dr.  G.  Brecher  of  the 
University  of  California  at  Berkeley,  we  have  conducted  studies  designed  to 
determine  the  mechanisms  which  prevent  proliferation  of  transfused 
hematopoeitic  stem  cells  in  the  marrows  of  normal  syngeneic  mouse  recipients. 
This  is  in  contrast  to  the  almost  complete  repopulation  by  donor  cells  of  the 
marrows  of  lethally  irradiated  recipients. 

As  we  reported  earlier,  replacement  of  10%  to  15%  of  the  recipients 
marrows  by  donor  cells  is  possible  if  the  recipients  had  either  been  (a) 
previously  irradiated  lethally  and  then  restored  to  hematopoetic  normalcy  or 
(b)  have  received  local  irradiation  to  a  single  limb  prior  to  a  transfusion  of 
marrow  stem  cells. 

During  the  past  year,  we  have  extended  these  observations:   Repopulation 
of  recipient  marrows  with  about  10%  donor  cells  occurs  not  only  in  the  locally 
irradiated  hind  limb,  but  also  in  the  shielded  contra-lateral  limb  and  in  both 
forelegs.   Since  these  animals  had  never  before  been  transfused  and  had  been 
irradiated  only  locally,  these  findings  appear  to  establish  that  irradiation 
can  have  a  wide-spread  "abscopal"  effect  on  turnover  of  bone  marrow  stem  cells 
in  non-irradiated  areas  of  the  body.   This  finding  makes  it  tempting  to 
speculate  that  the  mechanisms  controlling  hematopoeitic  stem  cell 
proliferation  in  the  normal  animal  involve  an  inhibitor  contained  in  the 
circulating  plasma,  which  is  partially  or  entirely  inactivated  by 
irradiation.   We  plan  to  test  this  hypothesis  by  comparing  the  effect  on  stem 
cell  proliferation  of  plasma  from  normal  and  animals. 

Another  reason  for  the  failure  of  donor  stem  cells  to  proliferate  in  the 
marrows  of  normal  hosts  might  be  that  the  cells  never  reach  the  proliferative 
sites  in  the  host  which  are  conducive  to  growth  and  development.   In  order  to 
study  this  possibility  and  to  follow  the  kinetics  of  transfused  stem  cells,  we 
are  in  the  process  of  performing  a  series  of  experiments  in  which  transfused 
stem  cells  are  harvested  from  primary  recipients  at  2,  6,  12,  and  24  hours  and 
are  reinjected  into  lethally  irradiated  secondary  recipients  for  amplification 
and  assay  at  various  times. 

Clinical  cytogenetic  studies 

For  the  karyotypic  diagnosis  of  patients  referred  to  our  laboratory, 
routine  procedures  are  always  performed.   These  include  Giemsa-trypsin  banding 
and  screening  with  quinacrine  mustard.   Because  of  the  undetermined  nature  of 
many  of  the  patient  disorders,  more  complicated  cytogenetic  techniques  are 
often  employed,  such  as  centromeric  banding,  sister  chromatid  exchange  or  late 
replication  studies. 

Recently,  the  technique  for  silver  staining  of  the  nucleolar  organizer 
regions  (NCR's)  and  the  reverse  Giemsa  (R-banding)  technique  have  been  used  to 
improve  the  analysis  of  chromosomal  abnormalities  or  rearrangements  of 
karyotypes  in  the  patient  studies. 
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This  study  is  a  collaborative  project  with  Dr.  Elizabeth  Raveche  and  Dr. 
Alfred  Steinberg,  NIAMDD.   We  have  been  investigating  the  relationship  between 
chromosomal  hyperdiploidy  and  autoantibody  production.   By  analysis  of 
recombinant  inbred  lines  of  mice,  we  were  able  to  establish  that  the 
expression  of  hyperdiploidy  is  independent  of  the  expression  of  any  particular 
autoantibody.   However,  chromosomal  hyperdiploidy  is  always  associated  with 
another  autoimmune  trait.   It,  therefore,  seems  to  develop  only  in  an 
immunologically  stimulated  spleen. 

Flow  cytometric  analysis 

In  collaboration  with  Dr.  Elizabeth  Raveche,  we  are  investigating  the 
relationship  between  cell  cycle  kinetics  and  the  origin  of  the  spleen  cells  in 
murine  radiation  chimeras.  We  hope  to  establish  if  cells  with  a  high 
proliferation  rate  have  an  advantage  in  repopulation  over  more  normal  cells. 

Studies  on  the  control  of  rRNA  genes  of  mammalian  and  human  somatic  cells 

Genes  for  18S  and  28S  ribosomal  RNA  (rRNA)  are  present  in  multiple  copies 
in  the  eukaryotic  genome  and  can  be  visualized  cytologically  by  in  vitro 
hybridization  and  the  silver  staining  technique.   The  latter  method  identifies 
transcriptionally  active  rRNA  gene  clusters  or  nucleolar-organizing  regions 
(NOR's). 

In  certain  neoplastic  cells  the  number  of  rRNA  copies  may  be  amplified, 
while  a  reduced  or  suppressed  rRNA  is  common  for  somatic  cell  hybrids. 
Currently,  the  control  of  rRNA  gene  expression  is  unknown,  and  our 
investigations  will  be  concerned  with  this  aspect.   We  will  attempt  to 
determine  the  effect  of  specific  RNA  synthesis  inhibitors,  in  conjunction  with 
tumor  promoters  and  anti-promoters  on  the  rRNA  regions.   The  tumor  promoter 
TPA  (12-0-  Tetradecanoylphobol  13-Acetate)  is  thought  to  cause  gene 
activation,  whereas  antipromoters  such  as  protease  inhibitors  have  an 
antagonistic  effect:   Their  effect  on  rRNA  genes  will  be  determined  on 
H4-11E-C3  rat  hepatoma  cells  with  amplified  rRNA  as  well  as  a  mouse-human 
hybrid  with  suppressed  rRNA.   This  study  is  being  carried  out  in  collaboration 
with  Dr.  N.  Popescu  BGY/NCI. 

PUBLICATIONS: 

1.  Raveche,  E.  S.,  Alabaster,  0.,  Taurog,  J.,  Tjio,  J-H,  and  Steinberg, 
A.D.:   Analysis  of  NZB  hyperdiploid  spleen  cells.   J.  Immunol.   1: 
154-160,  1981. 

2.  Raveche,  E.  S.,  Novotny,  E.  A.,  Hansen,  C.  T.,  Tjio,  J.-H.,  and  Steinberg, 
A.  D.:   Genetic  studies  in  NZB  mice  X.  Recombinant  inbred  lines 
demonstrate  that  separate  genes  control  autoimmune  phenotype.   J.  Exp. 
Med.,  1981  In  press. 

3.  Brecher,  G. ,  Lawce,  H.,  and  Tjio,  J.-H:   Bone  marrow  transplant  in 
previously  irradiated  hematologically  normal  syngenieic  mice.   Proc.  Soc. 
Exp.  Biol,  and  Med.,  1981,  In  press. 
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Studies  of  Patients  with  Genetic  Disorders 

These  investigations  of  NIH  patients  with  chromosomal  abnormalities  or 
single  gene  disorders  are  done  in  collaboration  with  other  investigators  of 
the  Inter-Institute  Genetics  Unit.   Our  own  studies  emphasize  the 
determination  of  the  effects  of  chromosomal  defects  upon  growth  and 
development,  particularly  gonadal  development  and  function.   For  these 
studies,  techniques  used  for  differential  banding  of  chromosomes  nclude 
Giemsa-trypsin,  quinacrine-,  centromeric-,  Gi ems a-r ever se,  and  silver 
staining.   In  certain  cases,  high-resolution  prometaphase  banding  is  utilized, 
since  it  produces  more  fully-extended  chromosomes  with  delineation  of  greater 
numbers  of  bands.   We  have  attempted  to  utilize  the  latter  method  this  past 
year  to  determine  if  small  chromosomal  lesions  can  be  visualized  in  genetic 
syndromes  associated  with  severe  phenotypic  abnormality  or  impaired  mental 
functioning.   In  some  cases,  it  has  been  necessary  to  apply  all  of  the  above 
mentioned  techniques  to  specifically  identify  a  single  chromosomal  defect. 

Cytogenetic  and  dermatoglyphic  studies  of  patients  with 
Pseudohypoparathyroidism  (PHP)  are  continuing.   Since  the  question  of  whether 
PHP  and  45, X  Turner  syndrome  have  similar  dermatoglyphics  has  not  been 
resolved,  we  are  continuing  collection  of  data  on  this  group  of  patients. 
This  is  part  of  an  effort  to  determine  if  dominant  inheritance  of  the  syndrome 
is  autosomal  or  X-linked.   In  collaboration  with  NEI,  high-resolution 
chromosome  analysis  of  a  patient  with  aniridia,  mental  retardation  and 
deletion  of  the  short  arm  of  chromosome  11  will  be  reported.   Chromosome 
analysis,  dermatoglyphics  and  lactate  dehydrogenase  isoenzyme  studies  were 
done  on  the  patient  and  her  immediate  relatives.   Our  studies  confirm  previous 
reports  that  a  specific  deletion  of  chromosome  11  is  consistently  associated 
with  this  previously  recognized  rare  syndrome.   High-resolution  chromosome 
analysis  was  also  utilized  for  studies  of  patients  with  premature  menopause 
and  mixed  gonadal  dysgenesis.   Results  of  these  case  studies  will  be 
correlated  with  analysis  of  other  genetic  markers  and  reported  in 
collaboration  with  genetics  program  members. 

We  have  completed  a  study  of  aneuploidy,  frequency  of  chromosomal 
aberrations,  and  chromosome  6  markers  in  patients  with  Alzheimer  disease, 
their  families,  and  matched  controls  in  collaboration  with  J.  Goudsmit  (CNS, 
NINCDS).   We  were  not  able  to  confirm  a  previous  report  claiming  increased 
aneuploidy  in  Alzheimer  disease  which  might  serve  as  a  useful  "marker"  for 
genetic  counseling.   We  also  determined  with  prometaphase  banding  that  there 
was  no  visible  chromosomal  lesion  associated  with  the  disease  which  might 
prove  of  value  in  detection  before  development  of  clinical  abnormalities. 
Also,  analysis  of  segregation  of  HLA  and  other  chromosome  6  markers  in 
familial  Alzheimer's  disease  showed  tnat  linkage  of  HLA  with  the  disease  was 
not  present. 

In  collaboration  with  S.  Rosen  (CE,NIAMDD),  a  genetic  study  of 
hypogonadotropic  hypogonadism  with  anosmia  (HHA)  has  been  completed.   This 
survey  of  18  families  indicated  that  autosomal  recessive  inheritance  of  the 
syndrome  may  occur.   Previous  investigators  reported  families  in  which 
transmission  of  the  disorder  appeared  to  be  X-linked,  but  none  of  our  families 
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provided  evidence  to  support  this.  Also,  there  was  no  conclusive  evidence  to 
support  autosomal  dominant  transmission  of  HAS.   There  were  no  chromosomal 
abnormalities  or  unique  derma tog lyphic  traits  in  affected  persons.  An 
association  of  the  syndrome  with  diabetes  mellitus  and  obesity  was  observed, 
but  its  significance  remains  to  be  determined.   Several  male  patients  proven 
to  father  normal  children  have  been  reported,  a  manuscript  concerning  the 
genetic  analysis  is  currently  being  revised,  and  reports  describing  associated 
anomalies  and  endocrine  studies  are  in  preparation. 

Karyotypic  Studies  of  Laboratory  Animals 

Studies  of  murine  translocation  trisomy  are  being  continued  in 
collaboration  with  E.  Bersu  (Madison).   Previous  investigations  emphasized 
description  of  morphological  abnormalities  associated  with  trisomy  19,  which 
included  developmental  retardation  and  specific  anomalies  such  as  cleft 
palate.   The  most  recent  experiments  were  aimed  at  determining  effects  of 
trisomy  upon  parameters  such  as  cell  cycle  kinetics  and  cellular  size  and 
number.   Flow  cytometry  and  coulter  cell  sizing  and  counting  were  utilized  to 
make  these  determinations.   Other  investigations  of  both  human  and  murine 
trisomic  cells  in  vitro  gave  conflicting  results  concerning  effects  of  trisomy 
at  the  cellular  level,  and  we  hoped  to  provide  a  more  definitive  analysis  of 
this  problem.   In  vivo  cell  cycle  characteristics  of  the  thymuses  of  trisomy 
19  fetuses  and  their  normal  littermates  from  17  gestational  days  to  term  were 
studied.   Individual  thymuses,  after  mechanical  dissociation,  were  evaluated 
for  nuclear  and  cellular  volumes.   There  were  no  differences  in  these 
parameters  between  the  trisomic  and  normal  animals,  although  cell  numbers  in 
standard  aliquots  from  the  trisomic  thymuses  were  always  significantly  less 
than  in  normals.   The  thymus  suspensions  were  then  stained  with  propidium 
iodide,  and  measures  of  the  resulting  fluorescence,  which  reflects  cellular 
DNA  content,  were  made  using  a  Coulter  TPS-1  Cell  Sorter.   Computer  analysis 
of  these  data  were  employed  to  generate  distribution  curves  and  percentages  of 
cells  in  different  phases  of  the  cell  cycle.   Plots  from  the  trisomic  mice, 
when  compared  with  the  normals,  showed  consistent  increases  in  the  relative 
numbers  of  cells  in  the  S  and  G2M  phases  of  the  cell  cycle.   Because  growth 
retardation  is  a  major  feature  of  trisomy  19  and  other  murine  trisomies,  these 
results  provide  some  further  evidence  to  suggest  that  cell  cycle  alterations 
may  be  the  basis  for  reduced  cell  number,  delayed  development,  and  smaller 
size  of  trisomic  animals. 

Chromosomal  studies  of  primates  with  genetic  disorders  also  continue. 
Recently  we  have  keryotyped  chimpanzees  suspected  to  have  the  same 
androgen-binding  defect  as  the  X-linked  testicular  feminization  syndrome  in 
humans.   These  collaborative  studies  have  resulted  in  the  first  demonstration 
of  this  disorder  in  primates;  these  findings  are  being  present  and  will  be 
reported  at  a  later  date. 

Publications: 

1.      Goudsmit,    J.,    White,    B.   J.,    Weitkamp,    L.   R.,    Keats,    B.  J.    B.,    Morrow,    C. 

H.,    and  Gajdusek,    D.    C:      Familial  Alzheimer's   disease  in   two  kindreds   of 

the   same  geographic   and  ethnic   origin:     A  clinical  and  genetic   study.      J. 
Neurol.    Sci.    (Oxford)   49:    79-89,    1981. 
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and  Rosen,  S.  W.:   HLA-compatible  paternity  in  two  "fertile  eunuchs"  with 
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Adeno-associated  virus  (AAV)  is  a  defective  parvovirus.   Because  of  its 
small  DMA  genome  and  unusual  mode  of  segregation  of  complementary  DNA  strands 
into  separate  virions,  AAV  offers  a  unique  situation  amenable  to  biochemical 
analysis.   AAV  synthesizes  only  a  few  mRNA  species.   Thus,  the  AAV  genome 
consists  of  a  single  unique  sequence  enclosed  by  DNA  regions  containing 
reiterated  sequences.   We  are  studying  AAV  as  a  model  system  for  eykaryotic 
gene  expression.   The  main  objectives  of  this  study  are:   to  analyse  the 
structure  of  AAV  DNA  and  obtain  an  accurate  transcription  map;  to  study  the 
control  of  synthesis,  post  transcriptional  processing  and  modification  and 
transport  and  degradation  of  AAV  RNA;  to  analyse  replication  of  AAV  DNA;  to 
study  AAV  RNA  protein  synthesis;  and  to  study  interactions  between  AAV  and  its 
helper  adenovirus  in  both  permissive  and  non-permissive  cells. 

Major  findings  since  the  last  report  are: 

Molecular  structure  of  AAV  DNA  variants; 

When  lysates  of  human  cells,  infected  jointly  with  adeno-associated  virus 
(AAV)  and  a  helper  adenovirus,  are  banded  to  equilibrium  in  CsCl  buoyant 
density  gradients,  virus  particles  of  various  densities  are  obtained. 
Infectious  AAV  particles  mainly  band  at  a  density  of  1.41g/cm3  with  a  minor 
component  at  1.45g/cm3.   Non-infectious  AAV  DI  particles  band  at  densities 
between  1.41  and  1.32g/cm3,   We  have  analysed,  by  mapping  with  site-specific 
endodeoxyribonuc leases,  the  molecular  structure  of  the  variant  AAV  DNA 
molecules  obtained  from  these  light-density  particles.   The  size  of  variant 
DNA  molecules  ranged  from  100%  to  3%  of  genome  length.   In  general,  the 
variant  DNAs  are  deleted  for  internal  regions  but  retain  the  genome  termini. 
Some  of  the  variant  DNAs  appear  to  be  cross-linked,  spontaneous ly-renaturing 
molecules  having  structures  analogous  to  replicating  forms  of  AAV  DNA.   This 
work  shows  that  most  of  the  variant  molecules  arise  by  a  recombination 
mechanism  rather  than  by  aberrations  in  replication  involving  a  strand  switch 
by  the  polymerase.   Current  studies  are  aimed  at  molecular  cloning  of 
individual  variant  genomes. 

AAV  DNA  replication: 

We   have   studied    the   relationship   between   adeno-associated  virus   (AAV)   DNA 
replication   and  virus   particle   assembly.      Formation  of  empty   or    full   particles 
and    accumulation  of  AAV   capsid   proteins  was   prevented    in   the   presence   of   the 
arginine   analogue,    L-canavanine,    or   when  a    temperature-sensitive   helper 
adenovirus  Ad5tsl25    was   used   at    the   nonperroissive    temperature.      In   each   case 
there   was    a   concomitant    inhibition  of   AAV   single-stranded   (progeny)   DNA 
accumulation  but    little   or   no   effect  upon   synthesis    of  AAV   duplex,    replicating 
form  DNA.      The   Ad5tsl25   mutant   has    a    temperature    sensitive    lesion   in   the   early 
region  2    gene    for   a  72,000   Mj.  Ad  DNA  binding   protein. 

These   experiments    show   that   when   accumulation  of  AAV   capsid   proteins    and 
consequently   AAV   capsids  was    inhibited    there   was    a   concomitant    failure    to 
accumulate   AAV   SS  DNA  but    little   or   no   effect   on  AAV  RF  DNA  synthesis.      The 
simplest    interpretation  of  our   results    is    that   one   or  more   AAV   proteins   or    the 
assembled  AAV   capsid    is    required    to   accumulate   SS  DNA.      AAV  proteins    or 
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capsids  might  be  required  either  directly  to  aid  in  displacement  of  SS  DNA 
from  a  replicating  structure  or  merely  to  sequester  SS  DNA  in  particles  and 
thus  avoid  recycling  through  the  replicating  pool.  Neither  of  these 
hypotheses  are  mutually  exclusive  and  further  studies  are  required  to 
distinguish  between  them.  However,  our  current  studies  are  consistent  with 
the  idea  that  free  SS  DNA  exists  only  when  sequestered  in  a  capsid. 

These  provide  two  independent  ways  to  dissociate  AAV  SS  DNA  accumulation 
from  RF  replication.   These  procedures  should  provide  possible  approaches  to 
analyze  the  mechanism  of  AAV  SS  DNA  production.   Also  together  with  our  other 
studies  (see  below),  this  work  provides  an  alternative  approach  to  studying 
certain  properties  of  the  apparently  multifunctional  adenovirus  E  72,000 
protein  in  permissive  human  cells. 

AAV  RNA  transcription; 

We  have   continued  our   studies   on  transcription  of  AAV  RNA  in  human  KB 
cells.      We  have  employed  Ad  mutants    to   determine  which  genes  may  be  required 
for   the     AAV  helper    function.      Two  mutants    of  Ad5 ,    tsl25    and   tsl07,   with 
temperature-sensitive    lesions    in   the  E72  DNA  binding  protein  coded   by    the  Ad 
early   region  2,   were   deficient   for  AAV  helper   functions   at   the  non-permissive 
temperature    (40°).      In   contrast,    Ad5tsl49   with   a   temperature-sensitive 
lesion   in   the  Ad   early   region  5   was    an  efficient   helper  of  AAV  at    the 
non-permissive   temperature.      In  KB  cells,   with   the  Ad5tsl25   or  Ad5tsl07  mutant 
as    the  helper,    the    accumulation  of  AAV   capsid  proteins    and  AAV  particles   was 
decreased  by   only    two    logs  whereas  AAV  DNA  synthesis   was   decreased   only 
several    fold.      Cytoplasmic,    poly(A)-containing  AAV  RNA  comprises   a   set  of 
overlapping,    spliced  RNAs   having   different   5'    start   points.      With   the   tsl25 
helper   at  40°,    there  was   a  decreased   accumulation  of   some   but  not   all   of 
these  AAV  RNAs.      The   Ad5  E72   protein  may  have   an  effect   on   transcription  or 
more    likely   post-transcriptional  processing  of  AAV  RNA.      These   observations 
suggest   additional  pleitropic   effects   of    the  multifunctional   E72   protein  and 
suggest   further   similarities   in  the   actions   of  E72   and   the  SV40  T-antigen. 

AAV  RNA  translation: 


AAV  particles  contain  three  proteins,  VPl  (M^.  85,700),  VP2  (M^  72,000) 
and  VPS  (61,500)  respectively.   These  proteins  hae  overlapping  peptide  maps. 
We  recently  reported  that  AAV  RNAs  comprise  a  3'  co-terminal  family  of 
overlapping  molecules.   We  have  now  shown  that  the  most  abundant  AAV  mRNA,  a 
2.3  kb  spliced  RNA  codes  for  all  three  proteins  VPl,  VP2  and  VP3  when 
translated  in  an  in  vitro  reticulocyte  lysate.   This  shows  that  the  AAV  capsid 
proteins  are  coded  by  the  genome  sequence  between  map  positions  48.0  and  96.0 
(one  map  unit  is  1%  of  the  genome  or  47  base  pairs).   When  AAV  is  grown  in 
human  KB  cells  with  the  Adenovirus  temperature-sensitive  mutant,  Ad5tsl25.,  at 
the  non-permissive  temperature  (40°C),  the  accumulation  in  vivo  of  AAV 
capsid  proteins  VPl,  VP2  and  VP3  was  decreased  at  least  50  fold.   However, 
normal  amounts  of  the  2.3  kb  mRNA  were  accumulated  and  this  RNA  could  be 
efficiently  translated  in  an  in  vitro  reticulocyte  lysate  system  to  yield  VPl, 
VP2  and  VP3.   These  experiments  suggest  that  in  infected  cells  control  is 
exerted  upon  the  AAV  2.3  kb  mRNA  at  the  translational  level  and  that  this 
control  can  be  influenced  by  mutations  in  Ad.   These  Ad  mutations  map  in  the 
region  2  early  gene  for  the  Ad  DNA  binding  protein.   Our  observations  provide 
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a   temperature-sensitive   system  that  may   be  useful    for   analysis    of 
trans lational   control   of   a    eukaryotic  mRWA.      These    results   also   provide 
important    information  regarding   additional   properties   of   the   pleiotrapic, 
72,000   M^  Ad  DNA  binding   protein. 

Publications : 

1.  de    la  Maza,    L.    M. ,    and   Carter,    B.    J.:      Molecular   structure   of 
adeno-associated  virus   variant  DNA.      J.    Biol.    Chem.    255:      3194-3203, 
1980. 

2.  Myers,    M.    W. ,    Laughlin,    C.   A.,    Jay,    F.    T.,    and   Carter,    B.    J.:      The 
adenovirus   helper   function   for  growth  of   adeno-associated  virus:      The 
effect  of   temperature   sensitive  mutations   in  adenovirus   early  gene  region 
2.      J.   Virol.    35:      65-75,    1980. 

3.  Myers,    M.    W. ,    and  Carter,    B.   J.:      Adeno-associated  virus   replication.      The 
effect  of  L-canavanine   or  a  helper  virus  mutation  on  accumulation  of  viral 
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Murine  Immunogenetic  Studies 

In  an  effort  to  determine  if  single  or  multiple  genes  are  responsible  for 
the  autoimmune  disease  of  NZB  mice,  recombinant  inbred  lines  were  studied.   In 
this  study  we  analysed  recombinant  inbred  mice  at  one  year  of  age  from  lines 
made  for  NZB  X  DBA/2,  NZB  X  CBA,  NZB  X  ALN,  and  NZB  X  NFS  mice.   We  found 
individual  recombinant  inLred  lines  expressing  separately  autoantibodies 
against  single-stranded  DNA;  anti-T  cell  antibodies  and  antierythrocy te 
antibodies.   Increase  IgM  production  was  associated  with  anti-T  cell 
antibodies.   It  appears  that  there  is  no  underlying  genetic  defect  that  gives 
rise  to  autoimmune  disease.   This  work  will  be  published  in  the  Journal  of 
Experimental  Medicine.   Further  studies  will  be  performed  in  the  recombinant 
inbred  lines  assaying  functional  capabilities  of  the  lymphocytes  in  syngenic 
mixed  lymphocyte  studies,  ability  to  proliferate  in  response  to  mitogens  and 
others. 

Murine  Cytogenetic  Studies 

By  means  of  a  series  of  crosses  and  backcrosses,  ZB.CBA/N  mice  were 
prepared  bearing  largely  NZB  autosomal  genes  but  having  X  chromosomes  derived 
only  from  CBA/N  mice.   The  CBA/N  X  chromosome  carries  a  gene,  xid,  that  is 
associated  with  the  lack  of  a  B  cell  subset  necessary  for  most  of  the 
spontaneous  autoantibody  production  by  NZB  mice.   These  ZB.CBA/N  mice  failed 
to  develop  autoantibodies  to  T  cells,  erythrocytes,  or  DNA.   The  availability 
of  mice  that  were  mostly  NZB,  but  which  failed  to  make  autoantibodies, 
especially  anti-T  cell  antibodies,  allowed  us  to  study  possible  T  cell 
regulatory  defects  in  NZB  mice  in  the  absence  of  either  antibodies  reactive 
with  such  T  cells  or  other  autoantibodies.   We  found  that  such  mice  had 
derangements  of  T  cell  regulation  as  did  the  NZB  mice.   These  observations 
strongly  suggest  that  the  T  cell  abnormalities  of  NZB  mice  are  not  caused  by 
the  B  cell  hyperactivity  of  these  mice,  but  rather  represent  independent 
defects.   Thus,  NZB  mice  appear  to  have  primary  defects  in  both  the  B  cell 
population  and  the  T  cell  population.   NZB  mice  develop  splenic  hyperdiploidy 
but  in  the  congenic  ZB.CBA/N,  hyperdiploid  cells  were  not  present. 

Flow  Cytometric  Studies 

In  collaboration  with  Dr.  J.  H.  Tjio,  we  are  investigating  the 
relationship  between  cell  cycle  and  ability  to  repopulate  an  irradiated  host. 
We  hope  to  determine  if  rapidly  dividing  cells  have  a  repopulation  advantage 
over  normal  cells.   Cell  cycle  analysis  will  be  performed  by  flow  cytometric 
techniques. 

In  order  to  study  the  cell  types  involved  in  the  hyperdiploidy 
characteristic  of  NZB  mice,  flow  cytometric  techniques  which  measure  the  DNA 
content  of  individual  cells  were  employed.   The  aneuploid  cells  present  in  NZB 
mice  were  clonally  derived  of  a  larger  size  than  normal  cells.   They  could  not 
be  removed  by  anti-Thy  1  plus  complement  nor  were  they  present  in  the 
nylon-wool  column  non-adherent  fraction,  both  of  which  are  characteristic  of  T 
cells.   By  further  cytotoxic  analysis,  the  aneuploid  cells  were  found  not  to 
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express  Ly-5  nor  NK  surface  antigens,  found  on  natural  killer  cells.   The 
aneuploid  cells  had  increased  quantities  of  cell  surface  H-2  antigen  which  is 
to  be  predicted  because  of  the  one  or  more  extra  copies  of  chromosome  17, 
which  carries  the  H-2  complex.   The  aneuploid  cells  found  in  the  spleen  of 
older  NZB  mice  were  derived  from  bone-marrow  stem  cells.   A  proportion  of 
these  cells  had  surface  la  and  membrane  Ig,  both  of  which  are  characteristic 
of  B  cells.   In  addition,  neonatally  thymectomized  and  lethally  radiated  NZB  X 
DBA/2  recipients  of  anti-Thy-1  treated  young  NZB  bone  marrow  cells  ultimately 
developed  aneuploid  spleen  cells. 

This  type  of  work  will  be  continued  with  the  Epics  V  cell  sorter  using 
dual  labeling  techniques.  DNA  content  and  cell  surface  markers  will  be 
simultaneously  analysed.   Initial  studies  have  indicated  the  cells  with 
rapidly  dividing  cell  cycle  are  not  T  cells. 

Hormone  Receptors 

We  are  currently  investigating  alterations  in  thymocyte  subpopulation  by 
the  administration  of  sex  hormones.   Alterations  of  thymocyte  subpopulation  is 
determined  through  the  use  of  fluorescein  tagged  monoclonal  antibodies 
analysed  on  a  fluorescence  activated  cell  sorter. 

In  collaboration  with  Dr.  R.  Viergersk,  Walter  Reed  Army  Medical  Center, 
we  are  studying  sex  hormone  receptors  in  the  thymus.   Since  sex  hormones 
profoundly  effect  the  immune  response,  we  are  searching  for  the  mechanism  by 
which  hormones  mediate  this  action.   We  have  identified  an  estradiol  specific 
cytosol  receptor  in  the  murine  thymus.   We  have  also  identified  a  thymic 
androgen  receptor  in  both  females  and  males  with  a  k^j  =  2  x  10~^,  B^jj^^  ~ 
30  pm  and  an  approximate  molecular  weight  of  400,000.   This  receptor 
translocated  into  the  nucleus  in  all  strains  studied  except  NZB  males.   This 
failure  to  detect  nuclear  translocation  of  the  thymic  androgen  receptor  may  in 
part,  be  responsible  for  NZB  immune  androgen  insensitivity. 

Thymus  Transplants 

Experiments  involving  thymectomies  have  indicated  that  induced  antibodies 
against  ssDNA  are  T-independent  response.  We  are  currently  investigating  the 
class  of  antibody  produced  to  determine  if  the  thymus  controls  immunoglobulin 
class. 

Cell  Cycle  Analysis   by  Flow  Cytometric  Techniques 

The   cell   cycle  of   cells  was  performed  by   analysis   of   the  DNA  content  of 
individual  cells  with  a   fluorescence-activated  TPS-1   cell   sorter.      At  one  year 
of   age,    normal  wice  had  4.9  +  2.1%  of   their   cells   in  S   phase.      In  contrast, 
NZB  mice  had  25.8   +  2.9%  of   their   cells    in  S  phase.      These   cells  were  not 
removed     by   anti-Thy    1.2  +  C.      Congenic  NZB.CBA/N  mice  had  moderately 
increased  numbers   of  cells   in  S  phase   (12.0   +  2.1%);      however,    they  did  not 
have   aneuploidy  characteristic  of  NZB.      Numbers   of  cells   in  S  phase  could  be 
increased   in  vivo   in  NZB.CBA/N  by   the  polyclonal  B-cell  activator, 
polyinosinic.polycy tidy lie   acid,    rl.rC    (to   26.1   +  4.2%).      Activated  cells  were 
also   induced   in  young  normal  mice.      Four   days  after   intraperitoneal   injection 
of  rl.rC,    the   spleens   of    10  week  old  DBA/2  mice  had  markedly   increased  numbers 
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of  cells    in  S   phase;    these   in  vivo   activated  non-au to immune  mice  resembled  the 
autoimmune    aged   NZB  mice. 

Thus,    NZB  mice  have    large   numbers    of  dividing    splenic   B    cells.      The 
reproduction  of    this   phenomenon   in   normal   mice  with   a   polyclonal    B-cell 
activator    suggests    that   NZB  mice  have   spontaneous   polyclonal   B-cell 
activation.      That   activation   is    not    limited    to    the   Lyb   5*   B-cell    subset, 
whereas    aneuploidy    is    limited    to   that   B-cell    subset. 

In  addition,    determination  of   the  number   of  cells   capable   of  responding   to 
various    agents   was   performed   by    stimulating    the   cells    in  vivo    in   defined  media 
and    arresting    the   cells    in  G2   +  M  with   colchicine.      50%   of  normal   B 
lymphocytes    and   none   of  X-linked    immune   defective   CBA/N  mice    enter   S   phase,    as 
measured  by    flow  microfluorometric   analysis    of  DNA  content  of   individual 
cells. 
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In  collaboration  with  Dr.  S.  Sonmer,  we  have  performed  electron 
microscopic  studies  on  numerous  strains  of  Sac char omyces  cerevisiae  containing 
L  &  M  virus  like  particles  (VLP).   Almost  all  strains  contain  L  type,  but  only 
killer  strains  contain  M.   The  function  of  L  is  completely  unknown  while  M  is 
responsible  for  the  killer  phenotype.   At  least  28  different  recessive 
chromosomal  mutants  unable  to  maintain  M  (Mak  mutants)  have  been  isolated  and 
all  are  able  to  maintain  L.   Dr.  Sommer ' s  project  involves  the  electron 
microscopic  screening  of  up  to  30  strain  of  ^.  cerevisiae  and  its  mutants 
looking  for  morphological  differences.   It  is  suspected  that  Mak  mutants  may 
contain  an  abnormal  compartment.   The  implications  of  the  work  is  that  a 
battery  of  genes  that  affect  a  particular  compartment  within  the  cell  would  be 
a  powerful  new  tool  for  studying  that  morphological  compartment  as  well  as 
extend  the  very  limited  information  of  yeast  morphology. 

Dr.  William  Coleman  has  recently  isolated  a  strain  of  E.  coli  K-12 
carrying  a  mutation  rfaD  which  altered  L-glycero-D-mannoheptose  synthesis. 
Subsequently  several  hybrid  plasmids  from  the  Clark-Carbon  collection  were 
isolated  which  corrected  the  rfaD  phenotype.   These  results  were  confirmed  for 
two  of  these  hybrid  plasmids  and  designated  pLc  32-45  and  13-13  by 
transformation  experiments  with  purified  plasmids  as  a  DNA  source.   The  DNA  is 
presently  being  characterized  in  terms  of  its  physical  and  structural 
properties  by  electron  microscopic  measurement  of  the  length  of  the  plasmid, 
retriction  analysis  and  cloning.   The  electron  microscopic  phase  of  the 
investigation  involves  screening  of  numerous  samples  of  DNA  by  the  spreading 
technique. 

Dr.  Chai  has  requested  that  we  investigate  the  cell  membrane  structure  of 
certain  strains  of  E.  coli .   His  previous  studies  have  indicated  that  the 
lipopolysaccharide  (LPS)  content  of  E^.  coli  differs  between  cells  grown  in  bay 
water  constituted  media  and  laboratory  media.   Since  the  LPS  layer  of  E.  coli 
is  readily  visualized  in  electron  micrographs  of  sectioned  cells,  we  are 
examining  various  strains  to  determine  if  any  morphological  difference  exist. 

In  the  presence  of  LPS,  proteins  la  &  lb  form  a  hexagonally  latticed 
structure.   One  unit  of  the  hexagonal  lattice  probably  consists  of  a  trimer  of 
protein  la  and/or  lb  and  several  molecules  of  LPS.   Freeze-etching,  thin 
sectioning  and  negative  staining  procedures  are  being  used  to  determine  any 
cell  surface  or  membrane  differences. 

In  addition  to  the  above  mentioned  studies,  we  have  performed  services  for 
Dr.  Gill  (Sy nap  to somes).  Dr.  Magnes  (Ribocones),  Dr.  Downs  (erythrocytes),  Dr. 
Grollman  (cell  fractions)  and  Dr.  Gardner  (acini). 

It  should  be  mentioned  that  during  the  installation  of  the  new  Phillips 
400  Electron  Microscope,  all  services  to  investigators  were  curtailed  for  a 
period  of  approximately  10  weeks. 
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Human  IFN  had  an  antiviral  activity  in  bovine  embryonic  kidney  cells  that 
resulted  in  the  release  of  VSV  particles  with  decreased  infectivity. 
Examination  of  the  proteins  of  VSV  releases  from  bovine  cells  following  IFN 
treatment  showed  a  selective  inhibition  in  the  glycoprotein.   Electron 
microscopic  s'tudies  also  revealed  that  virions  released  from  IFN-treated  cells 
lacked  the  characteristic  surface  projections.   Treatment  of  mouse  L  or  human 
foreskin  fibroblast  cells  with  IFN  results  in  a  significant  inhibition  of  the 
biosynthesis  of  N-acetyl  glucosaminyl-lipids  that  serve  as  precursors  for  the 
biosynthesis  of  glycoproteins.   In  IFN-treated  membrane  preparations  from 
uninfected  L-cells,  the  ratio  of  N-acetylglucos amine  (GlcNAc)-to 
N,N'-diacetylchitobiose  (GlcNAcj^-lipids  is  increased,  however,  in  membranes 
prepared  from  L-cells  infected  with  VSV,  a  reversal  in  the  ratio  of  GlcCAc  to 
(GIcNAc)2  is  observed.   This  may  be  related  to  membrane  alteration  in  the 
cells  since  these  cells  have  markedly  elevated  levels  of  membrane  bound 
glycosyl transferase  activities  upon  VSV  infection. 
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In    recent   years,    it   has   been  established   that    the   oligomannosylchitobiosyl 
'core'    region   of  many   asparagine-linked   glycoproteins    is    preassembled   on   a 
membrane    lipid,    dolichol   phosphate    (dol-P),    prior    to   an   en  bloc    transfer    to 
the   nascent    polypeptide.      The   assembly   process    is    initiated   by    the    transfer   of 
N-acetylglucosamine-1-phosphate    (GlcNAc-1-phosphate)    from 
UDP-N-acetyl-D-glucosamine    (UDP-GlcNAc)    to   dol-P   to    form 

N-acety Iglucosaminylpyrophosphoryldolichol    (GlcNAc-P-P-dol) ;    addition  of   a 
second   GlcNAc   residue    from  UDP-GlcNAc   give   rise    to 

N,N'-diacetylchitobiosylpyrophosphoryl-dolichol   ( (GlcNAc)2-P-P-dol)    which    is 
subsequently   elongated   by    the    transfer   of    several  mannose    residue    from 
GDP-mannose    and  mannosylphosphoryldolichol.      A  number   of   studies   have   shown 
that    tunicamycin    (TM),    a    lipophilic    antibiotic    isolated    from   Streptomyces 
lysosuperficus,    and   an   analog  of  UDP-GlcNAc,    specifically   blocks    the    transfer 
of   GlcNAc-1-phosphate    in   the    first    reaction    for    the   assembly  of    lipid-linked 
oligosaccharides;   however,    no   inhibitory  effect  of   this   antibiotic   on   the 
biosynthesis    of   (GlcNAc)2-P-P-dol   or    the    transfer   of  oligosaccharides    from 
lipid-linked    intermediate    to    the   protein   acceptors   has  been   thus    far 
reported. 

Earlier  we   have   shown   a   30-200    fold   reduction   in   the   production  of 
infectious   vesicular    stomatitis  virus    (VSV)    released    from  L   cells    treated  with 
10    to   30    reference   units/ml   of   interferon    (IFN);    however,    in    these   cultures 
virus   particle   production,    as  measured   by  VSV   particle-associated  viral   RNA, 
virus   nucleocapsid   protein,    and  viral    transcriptase   were    inhibited  by    less 
than    10-fold.      In   addition,    there   was   a   significant    reduction   in   the 
production   of  glycoprotein   (G)    and  membrane    protein   (M)    of  VSV   particles 
released    from   IFN-treated   cells.      Evidence    supporting    the   deficiency  of  G 
protein   in  VSV   released    from  IFN   treated   cells   was    derived    from  electron 
microscopic    studies.      Under   conditions,    where  glycoprotein   spikes   were   clearly 
detectable   on   the   surface   of  VSV   released    from  cells    not    treated  with   IFN, 
very    few   spikes   were   observed   on  VSV   released    from   IFN-treated   cells.      All 
these    results    rsuggested    that   IFN   somehow   affected   biosynthesis,    or  membrane 
incorporation  of    the   G  protein  prior    to  viral   assembly.      Recently,    we   reported 
that    treatment   of  L-cells   with   either    tunicamycin   (TM)    or  -IFN  resulted   in   the 
production  of   VSV   particles    that   were   deficient    in  glycoprotein   (G).      The 
incorporation   of  N-acetylglucosamine    into   glycolipids  was    significantly    lower 
in  membranes   prepared    from   IFN-treated   cells   as   compared    to    the  untreated 
cells. 

The   biosynthesis    of  asparagine-linked   glycoproteins    in  VSV-infected 
cultures   of   Chinese   hamster   ovary   cells   has   been    thoroughly    investigated. 
Following    infection,    the   only   glycoprotein   synthesized   by    these    cells    is    the  G 
protein  of   VSV,    an   asparagine-linked  glycoprotein   containing    two    identical 
"complex"    type   of  oligosaccharides.      For    this,    the  biosynthetic  machinery   of 
the  host   cell    is  utilized;    any    lesion   or   alteration   in    the   synthetic 
appearatus   of   the  host    is    reflected    in   the    final  viral   components.      Since 
lipid-linked  oligosaccharides    are    involved    in   the   assembly   of    the   carbohydrate 
units    of  G  protein,    it   was   of   interest    to   see   what   effect,    if   any,    IFN  and   TM 
treatment  of    the   VSV-infected   cultures   of   L  cells   would   have   on  early    steps   of 
the    lipid-linked   biosynthetic    sequence. 
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Our   results   reported   show   that   low  doses   of   IFN    (10-30   units/ml)    inhibit 
the  biosynthesis   of  N-acetylglucosaminyl-lipids  whereas   at  higher  doses   (100 
to    1000   units/ml)    there   is   no   inhibition,    or  even  a  slight   stimulation  of   the 
incorporation  of    label    into   these  glycolipids.      We  have   currently  no 
explanation   for   the  biphasic  response   of  IFN  at  varying  doses.      The   product 
identification   revealed   that  N-acetylglucosamine  was    transferred    into   two 
glycolipids,    namely  N-acetylglucosaminyl-lipid   and 

n,n'-diacetylchitobiosyl-lipid.      The    fact    that    the  biosynthesis   of  glycolipids 
soluble   in  C/M,    2:1,    is    inhibited  by  TM  together  with   the   stimulatory  effect 
of   dol-P   on  the   reaction  and   the   release  of  N-acetylglucosamine   and 
N,N'-diacetylchitobiose  upon  mild  acid  hydrolysis,    all   strongly   suggest   that 
these   are    lipid-linked   saccharides   in  which   the    lipid  moiety   is   a 
polyisoprenol.      Characteristically,    in  uninfected  cells,    interferon  inhibits 
the  biosynthesis   of  N-acetylglucosaminyl-lipids   in  a  manner   that   results   in  a 
gradual   increase   in  the   level  of  N-acetylglucosamine  relative   to 
N,N'-diacetylchitobiose,    whereas   exactly   the  opposite  effect   is   observed   if 
IFN   treated   cells    are    infected  with  VSV   and   then  examined    for    the   in  vitro 
biosynthesis   of   these   glycolipids.      The  membranes    from  such    infected   cells 
also   show  much  higher   specific   activities   of   the  enzymes   involved   in  the 
biosynthesis   of    these   glycolipids.      Since    infection  of   cells  with  VSV   is  known 
to   shut  down  all   cellular   glycoprotein  synthesis   and  results    in   the  selective 
biosynthesis   of  viral   G  protein,    an  a sparagine- linked  glycoprotein,    by  means 
of   the  membrane   bound   glycosylation  machinery   of   the  host,    it    is    likely    that 
marked   changes    in   the    structure   and    function  of    the   cellular  membranes   are 
induced   by  VSV   infection.      These   changes   could   not   only    selectively   result    in 
increased   activities   of    the  N-acetylglucosaminyltransferases,    but   also  alter 
the   protein-protein   interactions    in   the  membrane   in  a   fashion   that   targets    the 
effect  of   IFN  on   the    first    step,    or    the  biosynthesis   of 
N-acetylglucosaminyl-lipid,    rather   than    the   second   step,    i.e.,    the 
biosynthesis   of  N,N'-diacetylchitobiosyl-lipid.      It    is  presently  unknown 
whether    this    effect  of   IFN   is    a  primary   event   in   the   inhibitory   action,    or   is 
a  process  mediated  by  a   secondary   signal.      Thus,    it  would  be   of   interest   to 
examine   these   effects    in  enucleated  cells    to  rule   out  any   role   of  an  mRNA 
mediated   secondary    signal.      Interferon  does    not   appear    to   exert   any   inhibitory 
action  at   the    'late   stage'    reactions,    such  as   the  biosynthesis   of  mannosyl- 
and  glucosyl-lipids   involved   in  protein  glycosylation  of    the 
asparagine-linkage   type. 

We  have   further   extended  our  observations   to   see   if   the  synthesis   of 
N-acetylglucosaminyl-lipids    is   generally    sensitive    to   IFN   treatment   and 
inhibitory  effects   of   IFN   similar   to   that   for  L-cells  were   obtained  with 
membrane  preparations    from  HFS    fibroblasts;    further,    there  was   a  gradual    trend 
towards   the   inhibition  of  N,N'-diacetylchitobiosyl-lipid  relative   to 
N-acetylglucosaminyl-lipid. 

These  effects   of  IFN  on   the  early   steps   in  the   lipid-linked  pathway   that 
lead    to   the   formation  of  glycoproteins   could  very  well  be   responsible    for   the 
results  which  we   obtained  with  VSV  released   from  L-cell   treated  with   IFN;    such 
virions   were   selectively   deficient   in  G  and  M  protein.      It  might   also   explain 
the   results    on  Maloney  murine    leukemia  virus    (MMVL)    form  IFN-treated  TB   cells, 
where  virus  with  markedly   decreased   infectivity  was  produced.      The  MMLV 
virions  were   also   deficient   in   the  viral  envelope  glycoprotein  gp  69/71.      The 
reduced   synthesis   of    the  N-acetylglucosaminyl    lipids    due    to   IFN   treatment  may 
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be  partially  responsible  for  the  lowered  infectivity  of  these  viruses; 
however,  we  have  no  direct  biological  evidence  for  a  relationship  between 
interferon  induced  inhibition  of  glucosyltransferases  and  deficiencies  in  the 
glycoprotein  content  of  viruses  produced  by  IFN-treated  cells. 

We  are  currently  studying  the  effect  of  IFN  on  para  influenza  (PIV3) 
virus.   Preliminary  results  suggests  that  with  low  units  of  IFN  (3  to  30 
unit/ml),  there  was  a  dose  dependent  decrease  in  virus  production  as  judged  by 
hemadsorption  assays;  however,  with  high  doses  (100  to  1000  unit/ml)  of  IFN 
there  was  a  stimulation  in  virus  yield. 
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Biochemical  Mechanisms    of   Interferon  Action 

1.      A  mouse   cell    line,    which   is   unprotected  by   interferon  against   lytic   virus 
infection,    lacks   ribonuclease   F   activity. 

Drs.    Panet    and   Czarniecki    found    that   a  mouse   cell    line,    NIH  3T3,    does   not 
respond    to    some   of    the    activities   of    interferon    (IFN).      Even  after    treatment 
with   high   doses   of   IFN,    the   replication  of  encephalomyocarditis    virus   and 
vesicular    stomatitis   virus    is    not    inhibited    in   these   cells.      Incontrast,    IFN 
treatment   of    these    same   cells    results    in    the    inhibition  of  Moloney  murine 
leukemia  virus   production.      Dr.    Epstein  assayed    for    several    enzymatic 
activities   associated  with    IFN-antiviral   action.      After    IFN   treatment,    the 
level   of    the   2',5'A^   synthetase   activity   and    the    phosphorylation  of   the 
67,000    dalton   protein  P^   are    enhanced    in  NIH  3T3    cells    to   approximately    the 
same    level   as    in   IFN-sensitive  mouse   L-cells.      Moreover,    NIH   3T3    and  L-cells 
contain   approximately    the    same    levels    of  enzymes   which    inactivate   2'5'A2   or 
poly    l.poly  C    failed    to    inhibit   protein   synthesis    in  NIH   3T3    extracts    even 
though    they   were    potent    inhibitors    of  L-cell   extract   protein   synthesis. 
Direct   measurements   of    the   RNase   F    failed    to   detect    such    activity    in  NIH   3T3 
cells.      It   was   concluded    that    the   RNase   F   activity    is    necessary   for    the 
IFN-induced   antiviral    activity   against   VSV   and  EMCV.      The    induction  of  protein 
kinase   activity  by    IFN   treatment   of  NIH   3T3    cells    appears    to   have   no   direct 
effect    on   EMCV   and  VSV   replication. 

2.  Drs.    Panet    and   Czarniecki   examined    the   activity   of  2'5'Ao   which  was 
added    to   cells    in   tissue    culture.      Utilizing    the  methods   of   calcium  phosphate 
coprec ipitation   of  2'5'A  and   of  permeabilization  of    the    cells   with 

lyso lecithin,    they    found    that   2'5'A2    inhibited   protein   and  DNA  synthesis    in 
L-cells,    which   are    sensitive    to    IFN,    but   did   not   affect    the    IFN-resistant   NIH 
3T3    cells.      They   concluded    that    the   RNase   F   activity    is    probably    the   only 
target   of   2'5'A   in   the    cell    and    is    responsible    for    the    inhibition  of  both 
protein  and  DNA  synthesis. 

3.  Drs.    Panet   and   Czarniecki   used    the   calcium  phosphate    coprecipitation 
method    to   detect   other    cells   possibly    lacking    in  RNase   F   activity.      They    found 
that   another    cell    line   which    is    chronically    infected  with  Moloney  Murine 
Leukemia   Virus    is    extent    against   EMCV.      Dr.    Epstein  prepared   extracts   of    these 
cells    for    study   of    the   effect   of  2'5'A3   on   translation.      He    found    that 
2'5'A2    is    essentially  without   effect   on  EMCV-RNA  directed   translation.      Dr. 
Jacobsen    found    that    these   cells   possess   double-stranded   RNA   dependent   protein 
kinase    activity.      He   observed    that   phosphorylation  of  histone,    the   67K  dalton 
protein,    and    an   endogenous    38K  protein    is    dependent   on  polyl.polyC. 

4.  Drs.    Jacobsen,    Epstein,    and   Torrence   observed    that    the   double-stranded 
RNA  polyadenylic    acid-poly   2 '-f luorodeoxyuridy lie    acid   caused    the 
phosphorylation  of   the   67K  dalton   protein  without    inhiiting   protein 
synthesis.      Dr.    Jacobsen   subsequently    showed    that    this    dsRNA  also   stimulated 
the    phosphorylation   of  exogenously   added   histone   and   an   endogenous   38K 
protein.      This    38K   dalton  protein  may  be    the   -subunit  of   eIF-2,    since    its 
phosphorylation  has    also   been   shown    to   be   dependent   on   dsRNA  in   IFN-treated 
extracts.      Dr.    Jacobsen  had   previously    shown   that    the   38K  protein    in  NIH   3T3 
extracts    is    also    phosphorylated    in    the    presence   of  polyl.polyC.      These    results 
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taken   together   suggest   that  phosphorylation  of   the  -subunit   of  eIF-2   is   not 
sufficient    to   cause   inhibition  of    translation   in  cell   extracts. 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  BIOCHEMICAL  PHARMACOLOGY 
NATIONAL  INSTITUTE  OF  ARTHRITIS,  DIABETES,  AND  DIGESTIVE  AND  KIDNEY  DISEASES 

I.   POLYAMINES 

Mutants  Defective  in  Polyamine  Biosynthesis 

The  physiological  role  of  putrescine,  spermidine,  and  spermine  is  still 
completely  unknown.   In  order  no  study  this  problem,  we  have  constructed 
mutants  of  Escherichia  coli  and  Saccharomyces  cerevisiae  that  have  no  poly- 
amines.   In  our  previous  studies,  a  mutant  of  E^  coli  that  has  no  amines 
because  of  mutations  in  ornithine  decarboxylase,  arginine  decarboxylase, 
agmatine  ureohydrolase,  adenosylmethionine  decarboxylase,  or  lysine  decar- 
boxylase could  still  grow  at  one-third  the  rate  of  an  amine-supplemented 
strain  and  serve  as  host  for  T4,  T7 ,  and  f2  bacteriophages.   However,  it 
could  not  maintain  A. 

We  now  have  constructed  another  mutant  of  ^  coli  that,  in  addition  to  dele- 
tions of  ornithine  decarboxylase,  arginine  decarboxylase,  and  agmatine  ureo- 
hydrolase, has  a  rpsL  (strA)  mutation.   This  mutant  (but  not  its  rpsL"^ 
parent)  has  no  growth  in  the  absence  of  added  amines.   This  absolute  depen- 
dence on  added  amines  cotransduced  with  certain  rpsL  (strA)  mutations.   The 
addition  of  putrescine,  spermidine,  or  spermine,  but  not  of  streptomycin, 
restored  growth. 

These  experiments  show  that  in  vivo  the  presence  of  certain  rpsL  markers 
contributes  to  the  absolute  requirement  for  polyamines.   Since  the  rpsL 
mutation  results  in  an  abnormal  S12  ribosomal  protein  and  decreased  ambiguity 
of  translation,  we  propose  that  the  polyamines  may  be  overcoming  this  defect. 
We  are  now  carrying  out  further  studies  with  bacteriophage  A  and  with  bac- 
teriophage Q3,  both  of  which  require  a  degree  of  ambiguity  for  viable  phage 
production. 

Drs.  H.  Tabor  and  C.  W.  Tabor 

Control  of  Potycarrtne  Biosynthesis  in  Yeast 

We  are  studying  the  control  of  ornithine  decarboxylase  in  the  eukaryote,  Sj_ 
cerevisiae.   Ornithine  decarboxylase  in  eukaryotic  cells  has  been  found  to 
increase  very  rapidly  under  conditions  of  rapid  growth  and  differentiation, 
and  may  be  the  rate-limiting  step  in  polyamine  biosynthesis.   Many  investi- 
gators have  proposed  that  this  enzyme  is  the  important  factor  in  the  control 
of  growth  of  normal  and  malignant  tissues.   Many  mechanisms  have  been  de- 
scribed for  the  control  of  ornithine  decarboxylase,  including  inhibition, 
repression,  proteolytic  degradation,  inactivation  resulting  from  a  change  in 
the  affinity  for  pyridoxal  phosphate,  inactivation  by  a  protein  "antizyme," 
and  inactivation  by  enzymatic  modification. 

We  have  found  that  a  yeast  strain  which  has  a  mutation  in  the  gene  coding  for 
adenosylmethionine  decarboxylase  overproduces  ornithine  decarboxylase.   This 
has  made  it  possible  for  us  to  purify  ornithine  decarboxylase  from  yeast 
(which  normally  has  low  levels  of  this  enzyme) .   The  homogeneous  protein 
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(1,500-fold  purified,  68,000  molecular  weight,  a  monomer)  requires  pyridoxal 
phosphate  for  activity.   Spermidine  and  spermine  (but  not  putrescine)  added 
to  the  medium  in  vivo  result  in  a  rapid  and  complete  loss  of  ornithine  decar- 
boxylase activity.   In  order  to  study  the  mechanism  of  this  control,  we  have 
prepared  antibody  to  the  pure  enzyme  in  rabbits.   We  have  found  that  (1)  the 
enzyme  protein  is  not  decreased  when  the  activity  is  lost  after  growth  with 
the  polyamines;   i.e.,  the  enzyme  protein  is  not  degraded;   (2)  the  protein 
appears  unchanged  in  mobility  in  electrophoresis;   and  (3)  we  have  found  no 
evidence  for  an  "antizyme"  in  yeast.   We  conclude  that  the  loss  of  activity 
results  from  post-translational  modification.   We  are  now  investigating  the 
nature  of  this  modification. 

Drs.  A.  K.  Tyagi,  C.  W.  Tabor,  and  H.  Tabor 

Studies  of  Enzymes  in  the  Biosynthetio  Pathway  for  Polyamines  in   £\_  aoli 

Adenosylmethionine  Decarboxylase.   We  have  continued  our  studies  of  adenosyl- 
methionine  decarboxylase  in  E^  coli.   This  enzyme  is  of  particular  interest 
since  we  have  shown  that  it  is  one  of  a  few  which  have  covalently-linked 
pyruvate  as  the  cof actor  for  decarboxylation,  instead  of  pyridoxal  phosphate. 
We  have  utilized  a  plasmid  which  we  originally  detected  in  the  Clarke-Carbon 
collection  and  have  modified  this  plasmid  by  restriction  and  incorporation 
into  PBR322  to  permit  stable,  high-level  amplification  (30-fold)  of  the 
enzyme.   We  have  devised  an  affinity  chromatography  column  which  permits  the 
isolation  of  pure  enzyme  rapidly  and  have  utilized  this  for  the  determination 
of  the  stoichiometry  of  the  pyruvate  cofactor.   We  have  now  found  evidence 
for  a  pyruvate  :  subunit  ratio  of  about  1  :  1  in  this  preparation,  and  the 
enzyme  appears  to  contain  6  subunits  of  equal  molecular  weight.   We  have  been 
able  to  prepare  an  antibody  to  this  pure  enzyme.   We  are  currently  trying  to 
determine  the  specific  amino  acid  linked  to  the  pyruvate  and  the  origin  of 
the  pyruvate.   We  are  investigating  the  possible  role  of  a  proenzyme  in  the 
formation  of  this  pyruvate. 

Drs.  G.  D.  Markham,  C.  W.  Tabor,  and  H.  Tabor 

Adenosylmethionine  Synthetase.   We  have  continued  our  studies  of  the  struc- 
ture and  mechanism  of  S-adenosylmethionine  synthetase  from  E^  coli.   An  1,800 
nucleotide  base  pair  DNA  fragment  containing  the  structural  gene  for  adeno- 
sylmethionine synthetase  has  been  cloned  into  the  plasmid  pBR322;   a  dere- 
pressed  Ej_  coli  strain  containing  this  hybrid  plasmid  produces  adenosylmethio- 
nine synthetase  as  5%  of  the  total  cell  protein. 

Studies  of  the  activation  of  adenosylmethionine  synthetase  by  divalent  metal 
ions  showed  that  each  subunit  of  the  tetrameric  enzyme  can  bind  two  divalent 
metal  ions  (e.g.,  Mg2+,  Mn2+) ,  one  of  which  binds  as  a  metal-nucleotide 
complex.   Both  ions  are  required  for  enzymatic  activity.   Electron  paramag- 
netic resonance  studies  of  enzyme-bound  Mn2+  showed  that  the  two  divalent 
metal  ion  activators  are  bound  very  close  together  and  share  a  common  ligand. 
This  is  the  first  case  of  two  divalent  metal  ions  bridged  by  a  common  ligand 
at  the  active  site  of  a  nucleotide-requiring  enzyme.   In  addition  to  the 
divalent  metal  ions,  adenosylmethionine  synthetase  is  activated  by  binding  of 
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certain  monovalent  cations  (e.g.,  K  ,  Li''')  at  a  single  site  per  subunit.    Li 
NMR  studies  show  that  the  NMR  relaxation  rates  of  Li'*'  are  substantially  in- 
creased by  Mn^'''  in  the  enzyme-Mn2+-Li'''  complex  and  indicate  that  the  mono- 
valent cation  activator  site  is  approximately  9  A  from  the  protein-bound 
Mn2+.   The  monovalent  cation  thus  activates  by  binding  near  the  active  site. 

Crystals  of  adenosylmethionine  synthetase  have  been  obtained  which  have  been 
used  for  preliminary  x-ray  crystallographic  studies  at  3  A  resolution  (in 
collaboration  with  Drs.  G.  L.  Gilliland  and  D.  R.  Davies,  LMB,  NIADDK) . 

Drs.  G.  D.  Markham,  C.  W.  Tabor,  and  H.  Tabor 

II.  MECHANISMS  OF  INHERITANCE  IN  SACCHAROMYCES  CEREVISIAE 

The  Killer  Virus-Plasm-Ld  of  Yeast 

Background.   Killer  strains  of  yeast  are  those  secreting  one  of  two  protein 
toxins  coded  by  one  of  two  double-stranded  KNAs.   Mj  ds  RNA  encodes  the  K-l 
toxin,  and  M2  ds  RNA  encodes  the  K2  toxin.   Most  strains  (killer  or  not) 
carry  another  ds  RNA,  called  L,  which  encodes  the  major  coat  protein  in  which 
all  ds  RNA  molecules  are  found  as  virus-like  particles.   We  have  previously 
described  3  chromosomal  genes  whose  products  are  essential  for  expression  of 
information  in  M]^  ds  RNA  (kex  and  rex  genes) ,  29  chromosomal  genes  needed  for 
maintenance  or  replication  of  M]_  (27  mak  genes,  petl8,  and  spe2) ,  and  6  genes 
with  regulatory  effects  on  K^^  plasmid  replication  (4  ski  genes,  KKBl,  and  a 
mitochondrial  gene) .   We  have  also  discovered  a  replication  gene  (sd)  located 
on  the  killer  plasmid  Mi  ds  RNA.   A  new  plasmid,  called  [EXL] ,  eliminates  M2 
ds  RNA  when  both  are  introduced  into  the  same  cell.   A  second  new  plasmid, 
[NEX] ,  prevents  [EXL]  from  eliminating  M2  ds  RNA.   Surprisingly,  M2  ds  RNA 
needs  a  new  chromosomal  gene,  MKTl,  only  if  [NEX]  is  present.   A  third  cyto- 
plasmic gene,  called  [HOK] ,  was  discovered,  based  on  its  ability  to  support 
the  replication-defective  mutant  of  M^,  called  [KIL-sd^] . 

New  Findings.   We  have  now  found  that  [HOK]  and  [NEX]  are  carried  on  the  same 
molecule  and  that  this  molecule  is  a  species  of  L  ds  RNA  which  we  therefore 
call  LjiOK-NEX-   '^^^  ^^  based  on  co-curing  of  [HOK]  ,  [NEX]  ,  and  a  form  of  L 
ds  RNA  and  their  common  requirements  for  the  products  of  the  chromosomal 
genes  PET18,  MAKIO,  and  MAK3,  and  their  all  not  requiring  MAK4  or  MAK27. 

We  have  identified  another  form  of  L  ds  ENA  (called  Lclo)  based  on  its  requir- 
ing the  product  of  the  chromsomal  CLOl  gene  for  its  replication.   CLOl  is  not 
required  by  LhOK-NFX'  -1  °^  Ife  •  liCLO  ^°^^  '^°^   require  PET18  or  MAKIO  for 
its  replication.   A  third  functionally  distinct  foinn  of  L,  called  LpETlS' 
seems  to  depend  only  on  the  product  of  the  PET18  gene.   Neither  LqlO  '^°^ 
iPETlB  ^^"^   supply  the  functions  supplied  by  LjiOK-NEX*   ^^  evidence  indicates 
that  LjiOK-NEX'  liCLO'  ^'^^   liPETlS  ^^'^  ^^  stably  maintained  together  in  the  same 
cell  (compatible  plasmids) . 

In  a  strain  carrying  only  LhoK-NEX  and  M]^,  we  showed  that  M^  depends  on 
inOK-NEX  ^°^  ^^^  replication. 
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We  have  shown  that  deletion  mutants  of  Mj^  ds  RNA  interfere  with  the  replica- 
tion of  the  wild  type  Mj^  ds  RNA.   We  have  also  found  a  new  MKT  gene  (MKT2) 
and  recessive  suppressors  of  kexl  (called  kob) . 

Electron  microscopy  of  a  superkiller  (ski~)  strain  has  shown  cytoplasmic 
arrays  which  may  be  aggregated  virus-like  particles. 

Drs.  S.  P.  Ridley,  R.  M.  Sheetz,  S.  S.  Sommej,  and  R.  B.  Wickner 

2  \i  UNA  Plasmid 

Background.   A  4  x  10  dalton  double-stranded  circular  DNA  plasmid,  called 
2  u  DNA,  is  found  in  almost  all  Sj_  cerevisiae.   Its  replication  resembles 
chromosome  replication,  and  we  previously  constructed  a  stable  plasmid, 
called  pSLel,  carrying  the  yeast  LEU2  gene  and  the  2  y  DNA  replicon  for  use 
in  genetic  studies. 

New  Findings  (during  3-month  sabbatical  at  Osaka  University,  Japan,  with  Drs. 
Yasuji  Oshima  and  Akio  Toh-e) .   The  2  \i   DNA  plasmid  is  often  cured  by  trans- 
forming cells  with  the  plasmid  pJDB219,  but  not  by  introducing  this  plasmid 
by  other  means.   ^  rouxii  carries  a  2  u  DNA-like  plasmid  which  has  no  homol- 
ogy with  the  Sj_  cerevisiae  2  p  DNA  plasmid. 

Mr.  S.  Tada  and  Drs.  A.  Toh-e,  R.  B.  Wickner,  and  Y.  Oshima 

Molecular  Cloning 

We  have  cloned  the  yeast  AR07,  LYS5,  and  LYS2  genes. 

Dr.  R.  B.  Wickner  and  Mr.  S.  G.  Ball 

III.  NUCLEIC  ACIDS 

Small  Nuclear  RNA  Genes  of  the  Rat 

In  our  attempt  to  identify  genes  that  must  be  expressed  to  attain  or  maintain 
a  particular  state  of  cellular  differentiation,  we  have  compared  the  types  of 
small  nuclear  RNAs  (snRNAs)  synthesized  in  various  normal  and  transformed  rat 
cells.   For  normal  cells  we  used  liver  cells  from  regenerating  livers  as  well 
as  from  normal  livers  of  young  and  adult  rats.   We  also  obtained  snRNAs  from 
kidney  and  muscle  from  young  rats.   Our  transformed  cells  were  derived  from  a 
rat  adrenal  medullary  tumor  (pheochromocytoma,  PC12) .   As  judged  by  polyacryl- 
amide  gel  electrophoresis,  we  found  that  the  PC12  line  contained  the  major 
types  and  pattern  of  snRNAs  described  previously  by  others  (e.g.,  the  species 
designated  Ul,  U2,  U3,  UA,  U5,  U6,  5S,  and  several  not  named).   Young  rat 
liver  contains  most  of  these  but  also  many  heretofore  not  previously  de- 
scribed species.   Furthermore,  we  also  found  differences  among  the  patterns 
of  the  snRNAs  present  in  muscle,  kidney,  young  liver,  adult  liver,  regenerat- 
ing liver,  and  the  PC12  cell  line.   We  found  these  differences  not  only  for 
the  previously  described,  typical  snRNA  species  but  also  for  those  newly 
discovered  by  us.   By  using  cDNA  copies  of  the  snRNAs  present  in  liver  from 
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adult  rats,  we  have  demonstrated  that  only  the  Ul  and  U2  species  of  these 
various  cell  types  are  homologous  to  those  in  the  adult  liver.   We  tentative- 
ly conclude  at  this  point  that  different  snRNA  genes  (or  alleles)  are  ex- 
pressed in  different  rat  tissues. 

Drs.  E.  Csordas-Toth  and  A.  V.  Furano 

Ee^etitvoe  BNA  Elements  in  the  Rat 

The  function,  organization,  evolutionary  origin  and  fate  of  repetitive  DNA  in 
eukaryotes  is  largely  unknown.   Approximately  one-third  of  the  mass  of  the 
rat  genome  is  comprised  of  this  type  of  DNA.   In  some  organisms,  a  tissue- 
specific  transcription  of  repetitive  DNA  elements  has  been  found,  and  it  has 
been  proposed  that  the  transcription  of  repeat  elements  may  be  related  to  the 
regulation  of  gene  expression  in  different  tissues.   Because  one  cannot 
seriously  discuss  repeat  elements  without  much  more  information,  we  began  a 
systematic  analysis  of  the  organization,  transcription,  and  evolution  of 
repeat  elements  in  the  rat.   We  developed  an  assay  to  rapidly  and  accurately 
determine  the  repeat  number  of  any  repeat  element  as  well  as  a  method  to 
rapidly  and  semiquantitatively  screen  a  library  of  the  repeat  elements  of  the 
rat  that  we  have  cloned.   Our  screening  method  allows  us  to  determine  the 
relative  reiteration  number  and  transcription  of  all  the  repeat  elements  in 
our  library.   We  have  found  that  the  repeat  families  fall  into  three  reiter- 
ation classes:   (i)  a  small  number  of  different  elements  (4-8),  each  repeated 
20,000  to  100,000  times;   (ii)  a  second  class  of  about  100  different  families, 
each  repeated  about  3,000  to  10,000  times;   and  (iii)  a  third  class  of  3,000 
to  4,000  families,  each  repeated  30  to  300  times.   Some  of  the  families  are 
related  to  each  other  in  that  a  portion  of  one  of  the  families  of  the  second 
class  is  imbedded  in  one  of  families  of  the  very  highly  repeated  class. 
Approximately  40,  or  10%,  of  396  randomly  selected  repeat  clones  are  highly 
transcribed  in  liver  cells.   We  also  have  found  that  15  out  of  these  396 
repeat  families  are  highly  conserved  in  the  mouse  genome.   Interestingly, 
one-third  of  these  conserved  repeat  elements  are  transcribed  in  the  rat. 
Some  of  the  conserved  repeat  elements  are  of  very  different  reiteration 
frequencies  in  the  mouse  and  rat  genomes,  suggesting  that  these  elements  can 
expand  or  contract  depending  on  the  cellular  environment.   We  are  now  in  the 
process  of  expanding  and  refining  these  results. 

Drs.  F.  R.  Witney  and  A.  V.  Furano 

The  Requirement  for  Two  Active  tuf  Genes  in  E^  ooli 

We  have  recently  constructed  several  isogenic  strains  that  differ  only  by  a 
Mu  prophage  insertion  in  the  tufB  gene.   This  insertion  inactivates  the  tufB 
gene,  and  comparison  of  the  tufB~  strain  with  its  tufB"*"  counterpart  indicates 
that  E.  coli  requires  2  active  tufB  genes  in  order  to  regulate  ribosomal  KNA 
sjmth^is  properly.   This  defect  is  exhibited  under  conditions  when  the  cells 
are  subjected  to  conditions  that  lead  to  a  change  in  growth  rate.   In  one 
condition,  logarithmically-growing  cells  are  subjected  to  a  nutritional  shift 
up.   Whereas  the  wild  type  cells  respond  immediately  with  an  increase  in 
growth  rate,  RNA  synthesis,  and  in  the  synthesis  of  other  macromolecules 
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involved  in  protein  synthesis,  the  tuf B~  cells  do  not.   This  is  not  because 
EF-Tu  is  limiting  in  the  cells  (EF-Tu  is  encoded  by  the  tuf  gene)  because 
they  contain  wild  type  levels  of  EF-Tu  and  are  able  to  increase  the  rate  of 
protein  synthesis  to  the  same  extent  of  wild  type  cells  after  the  nutritional 
shift.   Eventually  the  tufB~  cells  do  attain  a  wild  type  growth  rate;   how- 
ever, they  attain  the  wild  type  growth  rate  faster  when  shifted  to  a  nutri- 
tionally-rich medium  than  when  shifted  up  to  a  medium  that  is  not  as  rich. 
These  results  indicate  tufB~  cells  are  able  to  increase  their  protein  syn- 
thetic rate  in  the  absence  of  increased  ribosome  synthesis  and  suggests  that 
they  have  a  greater,  but  unused,  capacity  to  synthesize  protein  than  do  wild 
type  cells.   How  or  why  the  tufB~  cells  develop  this  unused  protein  synthetic 
capacity  is  not  known,  but  it  may  be  related  to  our  finding  that  the  tufB~ 
cells,  but  not  the  wild  type  cells,  initially  overproduce  ribosomal  RNA  when 
diluted  out  of  stationary  phase  from  any  type  of  media.   We  are  currently 
investigating  the  relationship  of  this  defect  in  the  control  of  ribosomal  RNA 
synthesis  with  the  defect  caused  by  mutations  in  other  genes  that  affect  rRNA 
synthesis. 

Drs.  F.  S.  Young  and  A.  V.  Furano 

UNA  Replication 

We  are  using  bacteriophage  T4  proteins  to  study  the  reactions  required  for 
the  replication  of  duplex  DNA.   We  have  previously  shown  that  the  T4  gene  41 
protein  and  a  protein  controlled  by  T4  gene  61  synthesize  a  heterogeneous 
family  of  pentaribonucleotides  with  the  sequence  pppACNNN  on  single-stranded 
DNA  templates.   These  oligonucleotides  serve  as  primers  for  DNA  synthesis  and 
are  elongated  by  the  T4  DNA  polymerase  (gene  43  protein)  in  conjunction  with 
the  T4  45  protein  and  the  complex  of  the  T4  gene  44  and  62  proteins  (DNA- 
dependent  ATPase) .   Strand  displacement  synthesis  by  the  addition  of  nucleo- 
tides to  a  3'  OH  at  a  nick  in  duplex  DNA  is  accompanied  by  the  unwinding  of 
the  complementary  strand  and  requires  the  T4  gene  32  protein  (helix-destabil- 
izing protein),  in  addition  to  the  43,  45,  and  44/62  proteins. 

DNA  Unwinding 

During  the  past  year  we  have  studied  the  DNA  unwinding  (helicase)  activities 
catalyzed  by  the  T4  proteins,  using  as  a  substrate  a  partial  duplex  made  by 
annealing  a  5'  32p  complementary  restriction  fragment  to  circular  single- 
stranded  0X174  DNA.   Since  the  44/62,  45,  and  32  proteins  are  required  for 
DNA  synthesis  on  duplex  templates,  we  anticipated  that  one  or  more  of  these 
proteins  would  have  a  helicase  activity  which  would  unwind,  beginning  at  the 
5'  end  of  the  annealed  fragment.   We  find  that  annealed  fragments  ranging  in 
size  from  70  to  1,500  bases  are  not  completely  unwound  by  any  combination  of 
these  four  proteins.   There  is,  however,  a  partial  unwinding  of  the  duplex 
from  the  5'  end,  which  requires  the  44/62,  45,  and  32  proteins,  as  well  as 
rATP. 

41  Protein,  which  is  required  for  primer  synthesis,  copurifies  with  a  single- 
stranded  DNA-dependent  nucleotidase  activity.   Such  nucleotidase  activities 
are  often  associated  with  proteins  whose  functions  suggest  that  they  move 
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along  DNA  chains,  perhaps  driven  by  energy  released  during  nucleotide  hydroly- 
sis.  During  the  past  year  we  have  shown  that  our  41  protein  preparation  has 
a  helicase  activity  which  unwinds  partial  duplexes  as  long  as  1,500  nucleo- 
tides.  This  reaction  requires  a  high  concentration  of  rATP  (or  rGTP)  and  is 
strongly  inhibited  by  T4  32  protein.   Completely  duplex  molecules  of  the  same 
length  are  not  unwound,  suggesting  that  a  single-stranded  region  contiguous 
to  the  duplex  is  necessary  to  initiate  the  unwinding.   We  have  also  recently 
shown  that  41  protein  copurifies  with  a  weak  DNA  binding  activity  which  we 
have  measured  by  the  retardation  of  single-stranded  DNA  fragments  during  gel 
electrophoresis.   This  binding  is  enhanced  by  the  addition  of  EDTA  and  the 
nucleotide  analogs  ATP-y-S  and  GTP-y-S.   We  are  purifying  the  41  protein 
produced  by  a  temperature-sensitive  mutant  in  this  gene  in  order  to  determine 
definitively  whether  all  of  these  activities  are  catalyzed  by  the  gene  41 
product. 

If  41  protein  is  a  helicase  as  well  as  a  priming  protein,  it  might  facilitate 
strand  displacement  (leading  strand)  synthesis  by  destabilizing  the  helix  as 
it  moves  along  the  unwound  complementary  strand  toward  potential  priming 
sites.   In  support  of  this  model,  we  find  that  41  protein  stimulates  synthesis 
on  nicked  templates,  if  32  protein  is  present  at  suboptimal  concentrations. 
Primer  synthesis  is  not  required  for  this  stimulation  since  it  occurs  in  the 
absence  of  61  protein  and  ribonucleotides  other  than  rATP. 

Drs.  M.  Venkatesan  and  N.  G.  Nossal 

Primev  Synthesis 

We  have  continued  our  efforts  to  determine  the  role  of  the  41  and  61  proteins 
in  primer  synthesis.   Although  we  have  been  unable  to  identify  partial  re- 
actions in  the  synthetic  direction,  we  have  recently  found  that  61  protein 
copurifies  with  an  RNase  H  activity.   This.RNase  H  can  be  distinguished  from 
the  host  enzymes  by  product  analysis,  and  it  is  possible  that  this  represents 
a  reversal  of  the  polymerization  reaction.   We  have  also  found  that  32  pro- 
tein strengthens  the  binding  of  61  protein  to  DNA. 

Drs.  L.  L.  Silver  and  N.  G.  Nossal 

Barriers  Created  by  Template  Secondary  Structure 

We  have  previously  shown  that  T4  polymerase  pauses  at  barriers  created  by 
internal  hairpins  in  a  single-stranded  template  and  that  the  44/62  and  45 
proteins  enable  the  polymerase  to  reach  and  pass  through  these  barriers  more 
quickly.   We  now'  find  that  there  is  a  massive  hydrolysis  of  dNTP  to  dNMP 
accompanying  the  synthesis  with  the  44/62  and  45  proteins,  due  to  the  alter- 
nate incorporation  and  removal  of  nucleotides  by  the  polymerase  when  it  is 
detained  at  hairpin  barriers.   The  high  level  of  dNMP  with  the  44/62  and  45 
proteins  compared  to  the  low  level  with  polymerase  alone,  suggests  that 
polymerase  dissociates  from  the  DNA  at  the  barriers  less  frequently  when 
accompanied  by  the  other  proteins.   Addition  of  32  protein  virtually  elimi- 
nates the  hairpin  barriers,  increases  the  rate  of  DNA  synthesis,  and  markedly 
reduces  the  formation  of  dNMP. 

Drs.  N.  G.  Nossal  and  A.  Roth  and  P.  T.  Englund  (Johns  Hopkins 

University,  Baltimore,  Maryland) 
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T4  Restriction  Nuclease 

We  have  partially  purified  a  nuclease  which  we  had  previously  identified  and 
shown  to  be  dependent  on  the  functioning  of  a  T4  late  gene.   This  nuclease 
cuts  duplex  DNA  at  specific  sites.   It  cuts  each  molecule  at  a  fraction  of 
the  potential  sites,  giving  a  partial  digest  of  overlapping  fragments. 

Dr.  N.  G.  Nossal 

Evolution 

The  capacity  of  nucleotide  bases  to  form  hydrogen  bonds  with  peptides  has 
been  further  investigated  with  more  definite  identification  of  bonds  and  more 
accurate  measurements  of  binding  strength.   The  interaction  of  cytosine  with 
peptides  of  serine  and  threonine  is  a  central  point  of  interest. 

Drs.  C.-H.  Niu  and  S.  Black. 

IV.  COMPLEX  CARBOHYDRATES 

Glycolipid  antigens  of  monoclonal  antibodies  can  easily  be  detected  by  a  new 
method  involving  the  direct  binding  of  antibody  to  thin-layer  chromatograms 
of  total  lipid  extracts  of  tissues.   This  method  was  used  to  detect  and 
identify  the  antigens  of  several  monoclonal  antibodies  with  an  apparent 
specificity  for  human  intestinal  tumors.   These  antibodies  (obtained  from 
Dr.  Koprowski's  group  at  the  Wistar  Institute)  were  produced  by  hybridomas 
obtained  from  a  mouse  immunized  with  a  human  adenocarcinoma  cell  line.   The 
antigen  for  one  of  the  antibodies  is  a  monosialoganglioside.   Four  other 
antibodies  are  directed  against  the  Le°  antigen  of  the  human  Lewis  blood 
group  system. 

Drs.  J.  L.  Magnani,  M.  B.  Brockhaus,  and  V.  Ginsburg 

V.  MEMBRANE  STUDIES  OF  MACROPHAGES  AND  OF  ESCHERICHIA  COLI 

Phagocytosis  in  Macrophages 

We  have  selected  mutants  of  a  macrophage  cell  line  that  do  not  show  general- 
ized phagocytosis  by  adding  beads  coupled  to  toxic  molecules  and  selecting 
survivors.   Nine  separate  isolates  proved  deficient  in  ability  to  take  up 
labeled  polystyrene  beads  and  thus  represent  phagocytosis-deficient  lines. 
Most  of  these  are  normal  in  receptor-mediated  phagocytosis,  e.g.,  binding  and 
uptake  via  Fc  receptors,  thus  showing  the  separation  of  the  biochemical 
pathways  for  these  two  phenomena.   These  mutants  will  be  used  to  determine 
and  study  steps  in  generalized  phagocytosis. 


Drs.  S.  Takasaki  and  L.  Leive 


Derivatives  of  S_^  typhimurium  differing  only  in  their  lipopolysaccharide  side 
chain  composition  were  shown  by  Dr.  Makela  to  vary  500-fold  in  their  lethality 
for  mice.   We  now  show  that  mouse  macrophage  cell  lines  phagocytose  these 
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organisms  at  a  rate  inversely  proportional  to  pathogenicity.   The  differences 
in  rates  reflect  differences  in  affinity  of  the  bacteria  for  the  macrophages 
and  not  in  the  rate  of  ingestion  once  interaction  has  occurred.   Complement 
is  required  for  the  reaction,  but  specific  antibody  is  not.   We  postulate 
that  relative  pathogenicity  in  vivo  may  reflect  the  relative  ability  of  the 
polysaccharide  of  bacterial  lipopolysaccharide  to  activate  complement,  thus 
determining  the  susceptibility  of  the  bacteria  to  ingestion  via  the  C3b 
receptor  of  phagocytic  cell''. 

Mrs.  Y.  Takasaki  and  Drs.  P.  Helena  Makela  (Central  Public 

Health  Laboratory,  Helsinki,  Finland)  and  L.  Leive 

The  Outer  Membrane  of  K_  aot-C 

The  outer  membrane  of  gram-negative  bacteria  excludes  hydrophobic  molecules 
such  as  antibiotics  and  detergents  but  admits  hydrophilic  molecules  via 
pores.   We  have  been  studying  the  composition,  arrangement,  and  properties  of 
its  lipopolysaccharide  and  proteins. 

LPS  of  a  given  E^  coli  strain  was  thought  to  contain  only  1  to  4  lengths  of 
polysaccharide.  We  have  now  demonstrated  20  to  45  different  lengths  of  LPS 
in  each  of  various  strains  of  E^  coli  and  Sj_  typhimurium.  Each  consecutive 
band  on  sodium  dodecylsulf ate  gel  electrophoresis  represents  addition  of  one 
more  repeating  pentasaccharide  side  chain  unit  to  the  lipid-core  region,  as 
shown  by  the  ratio  of  radioactivity  in  side  chains  to  radioactivity  in  core 
plus  lipid. 

Several  medically  important  strains  of  E^   coli  were  reported  to  show  antibody 
reactivity  diagnostic  for  capsule,  but  no  capsule  was  detected  chemically. 
We  now  find  that  one  such  strain  contains  a  polysaccharide  identical  to  that 
in  LPS  but  not  attached  to  lipid.   It  averages  350,000  daltons,  is  loosely 
attached  to  the  outside  of  the  cell,  and  is  responsible  for  the  false  capsule 
reaction. 

LPS  extracted  from  bacteria  by  several  means  (including  two  we  originated: 
aqueous  butanol  and  EDTA)  is  tightly  associated  with  a  small  amount  of  pro- 
tein.  Interest  in  this  protein  increased  when  other  laboratories  found  it 
had  several  effects  on  mammals — for  instance,  it  is  mitogenic  for  lympho- 
cytes.  We  now  show  that  virtually  all  the  bound  material  is  outer  membrane 
protein  and  have  defined  the  percentages  of  three  known  proteins  [porin(s) , 
ompA  product,  and  lipoprotein]  in  each  type  of  preparation,  using  sodium 
dodecylsulf ate  gel  electrophoresis  and  immunological  crossreactivity . 

Drs.  R.  C.  Goldman  and  L.  Leive 

Porin  proteins  form  pores  admitting  molecules  of  up  to  about  500  daltons,  but 
only  if  such  molecules  are  hydrophilic.   We  now  find  that  a  different  protein, 
the  ompA  product,  helps  exclude  hydrophobic  molecules.   Thus,  tetracycline 
enters  via  the  pores  in  the  wild  type,  but  hydrophobic  derivatives  of  tetra- 
cycline do  not,  and  thus  cannot  kill  wild  type  cells;   however,  mutants 
lacking  ompA  product  are  killed.   Control  experiments  suggest  that  entry  is 
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via  the  pores  and  not  via  partition  into  the  membrane,  as  is  the  mechanism  in 
mutants  altered  in  LPS.   We  are  currently  measuring  passage  across  the  outer 
membrane  directly  in  these  strains  by  measuring  hydrolysis  by  periplasmic 
penicillinase  of  cephalosporins  differing  in  hydrophobicity . 

Drs.  L.  Leive  and  J.  D.  Foulds  (LBM,  NIADDK) 

Aldoheptose  Biosynthesis  and  Its  Regulation 

A  mutant  of  Ej_  coli  K-12  carrying  a  single  mutation,  designated  rfaP,  which 
affects  the  synthesis  of  the  aldoheptose,  L-glycero-D-mannoheptose,  has  been 
isolated.   Phenotypically  this  mutant  is  novobiocin-hypersensitive  with 
altered  lipopolysaccharide  (LPS)  core  biosynthesis.   It  was  observed  that  the 
LPS  of  the  rfaD  mutant  contained  the  aldoheptose  D-glycero-D-mannoheptose 
rather  than  the  normal  L-glycero-D-mannoheptose.   It  is  postulated  that  L- 
glycero-D-mannoheptose  is  formed  from  D-glycero-D-mannoheptose  via  a  racemi- 
zation.   A  crude  assay  to  measure  the  epimerase  activity  has  been  developed. 
Hybrid  colicin  El  plasmids  capable  of  correcting  the  rfaD  phenotype  have  been 
selected,  and  these  increase  the  epimerase  activity  and  the  number  of  com- 
pleted LPS  core  structures  relative  to  the  wild  type.   This  represents  the 
initial  step  in  understanding  the  biochemistry  of  aldoheptose  biosynthesis 
and  provides  a  system  for  studying  its  regulation. 

1  selected  from  the  Clark  and  Carbon  colony  bank,  hybrid  ColEl  plasmids  which 
corrected  the  rfaD  phenotype  and  conferred  ColEl  resistance  by  F-factor — 
mediated  transfer.   This  was  further  demonstrated  by  transf oirming  experiments, 
using  hsd  rfaD  strains.   We  are  now  characterizing  the  hybrid  ColEl  plasmids, 
cloning  and  restriction  mapping  the  rfaD  gene  fragment. 

Dr.  W.  G.  Coleman,  Jr. 

VI.  ENZYME  MECHANISMS  AND  PROTEIN  STRUCTURE 

Tryptophan  Synthase  of  Esaheriohia  aoli 

The  structure  and  function  of  the  tryptophan  synthase  0262  complex  are  inves- 
tigated as  a  model  for  understanding  how  enzymes  interact  in  multienzyme 
systems.   Each  of  the  a.   and  3  subunits  of  tryptophan  synthase  is  composed  of 

2  domains  which  can  be  isolated  by  limited  proteolysis.   The  relationship 
between  the  domain  structure  of  the  a  subunit  and  the  mechanism  of  guanidine 
hydrochloride-induced  unfolding  of  the  a  subunit  has  been  investigated  by 
comparing  the  effects  of  this  denaturant  on  the  a  subunit,  on  a  derivative 
nicked  by  trypsin  (a'),  and  on  the  2  proteolytic  fragments,  a-1  and  a-2. 
Circular  dichroism  studies  and  chemical  modification  studies  have  been  used 
to  characterize  a  partially  unfolded  intermediate  and  to  show  that  in  this 
intermediate  the  domain  corresponding  to  the  a-2  fragment  is  unfolded  whereas 
the  domain  corresponding  to  the  cx-1  fragment  is  folded.   This  is  the  first 
unfolding  intermediate  with  these  properties  to  be  documented. 

Drs.  E.  W.  Miles  and  K.  Yutani  and  K.  Ogasahara  (Institute 

for  Protein  Research,  Osaka  University,  Osaka,  Japan) 
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The  relationship  between  the  sequence  and  domain  structure  of  each  subunit  to 
the  folded  structure  of  the  corresponding  subunit  in  the  multienzyme  complex 
is  under  investigation.   Differential  chemical  modification  of  lysyl  residues 
of  the  separate  proteolytic  fragments  of  the  separate  subunits  and  of  the 
combined  subunits  allows  identification  of  residues  involved  in  domain  inter- 
action sites  and  in  subunit  interaction  sites.   These  studies,  combined  with 
crosslinking  experiments  and  with  active  site  modification  experiments,  are 
designed  to  elucidate  the  overall  topography  and  the  active  site  regions  of 
the  ct232  complex. 

Dr.  E.  W.  Miles 

The  stereochemistry  of  the  sodium  borohydride  reduction  of  the  Schiff  base 
formed  between  pyridoxal  phosphate  and  a  lysyl  residue  at  the  active  site  of 
tryptophan  synthase  has  been  determined  and  shown  to  be  the  same  as  the 
stereochemistry  of  the  sodium  borohydride  reduction  of  a  Schiff  base  inter- 
mediate formed  between  pyridoxal  phosphate  and  L-serine  at  the  active  site. 
These  results  indicate  that  when  tryptophan  synthase  binds  substrate  to 
pyridoxal  phosphate  it  does  so  sterospecifically  and  without  changing  the 
face  of  the  Schiff  base  that  is  available  for  reduction  as  compared  to  native 
enzyme. 

Drs.  E.  W.  Miles  and  D.  Houck  and  H.  G.  Floss  (Department  of 

Medicinal  Chemistry  and  Pharmacognosy,  Purdue  University,  West  Lafayette, 
Indiana) 

Effect  of  Inert  Proteins  on  the  Structure  and  Function  of  Glyceraldehyde-S- 
Phosphate  Dehydrogenase   (GAPD) 

The  dependence  of  catalytic  activity  of  GAPD  upon  the  concentration  of  GAPD 
and  unrelated  "inert"  proteins  (ribonuclease  A,  3-lactoglobulin,  bovine  serum 
albumin)  have  been  measured.   The  data  are  accounted  for  semiquantitatively 
by  a  simple  model  containing  only  one  independently  variable  parameter. 
According  to  the  model,  GAPD  exists  as  an  equilibrium  mixture  of  monomeric 
subunits  with  high  catalytic  activity  and  subunit  tetramers  with  approximately 
30-fold  lower  activity.   Addition  of  inert  protein  does  not  affect  catalytic 
activity  of  either  species  individually,  but  alters  the  degree  of  self- 
association  and  hence  the  equilibrium  average  catalytic  activity  in  accordance 
with  relations  developed  earlier  in  this  laboratory. 

Drs.  J.  Wilf  and  A.  P.  Minton 

Effect  of  Inert  Protein  on  Thermal  Denaturation  and  Deactivation  of  Enzymes 

Thermal  stability  with  respect  to  denaturation  and  deactivation  of  several 
enzymes  (glyceraldehyde-3-phosphate  dehydrogenase,  alkaline  phosphatase, 
acetyl  cholinesterase)  has  been  measured  in  the  absence  and  presence  of  high 
concentrations  of  a  heat-stable  protein,  ribonuclease  A.   It  is  found  that 
high  concentrations  of  a  ribonuclease  A  substantially  increase  the  stability 
of  these  enzymes  with  respect  to  denaturation  (coagulation/precipitation). 
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but  does  not  affect  the  rate  at  which  catalytic  activity  is  lost  at  elevated 
temperatures. 

Drs.  J.  Wilf  and  A.  P.  Minton 

A  Simple  Interpretation  of  the  Dependenae  of  Light  Scattering  in  Bovine  Serum 
Albumin  Solutions  upon  Protein  Concentration  and  pH 

Data  on  the  dependence  of  light  scattering  in  bovine  serum  albumin  solutions 
upon  bovine  serum  albumin  concentrations  up  to  9  g/dl  and  pH  over  the  range 
4.4-7.6  may  be  quantitatively  accounted  for  by  a  simple  model  containing  only 
two  undetermined  parameters.   The  model  is  an  extension  of  the  hard  particle 
model  for  protein  solutions  previously  developed  in  this  laboratory,  which 
permits  electrostatic  repulsion  between  protein  molecules  to  be  taken  into 
account. 

Drs.  H.  Edelhoch  (CEB,  NIADDK)  and  A.  P.  Minton 

Aminoaayl  tRNA  Synthetases 

One  form  of  the  valyl  tRNA  synthetase  of  yeast  can  be  dissociated  with  sepa- 
ration of  a  heat-stable,  nondialyzable  acidic  substance  that  stimulates  the 
enzyme's  action.   It  appears  to  be  part  of  a  regulatory  mechanism  for  protein 
synthesis.   An  assay  system  for  this  factor  has  been  perfected  and  several 
aspects  of  its  interaction  with  the  enzyme  studied  with  a  view  to  complete 
elucidation  of  its  chemical  nature  and  physiological  role. 

Dr.  S.  Black 

Protein  Sequences  and  Structure 

Binding  Studies  and  Protein  Interactions.  Model  systems  are  being  developed 
and  studied  for  explaining  cooperative  effects  in  biological  macromolecules, 
such  as  hemoglobin,  collagen,  clathrin,  and  calmodulin.  . 

Slow  Degradation  of  Proteins.   Sterile  solutions  of  proteins  yield  peptides 
and  amino  acids  on  standing  for  various  periods  of  time.   A  number  of  systems 
are  being  studied  in  an  attempt  to  explain  this  phenomenon  adequately.   It  is 
proposed  that  some  of  the  observed  activity  is  intrinsic  in  the  protein 
molecule  itself. 

Statistical  Analyses  of  Protein  Sequences.   The  concept  of  uniqueness  and  a 
quantitative  method  for  its  evaluation  has  been  developed  using  Monte  Carlo 
statistics.   Analyses  based  on  this  concept  are  being  used  to  relate  isolated 
structures  with  possible  biological  activity.   Studies  so  far  have  emphasized 
single  species. 

Dr.  H.  A.  Saroff 

Oxidation  of  Oxyhemoglobin 

The  kinetics  of  oxidation  of  human  oxyhemoglobin  by  ferricyanide  were  studied. 
With  the  aid  of  the  conclusion  of  Antonini  et  al.  (Biochemistry  4:  545,  1963) 
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that  ferricyanide  oxidizes  only  deoxyHb,  the  effect  of  pH  and  ionic  strength 
on  the  fraction  of  deoxyHb  and  on  the  electrostatic  attraction  or  repulsion 
of  the  ferricyanide  ion  was  used  to  calculate  variations  in  the  rate  of 
oxidation.   At  low  pH  the  agreement  with  experiment  was  fairly  good  even 
though  factors  difficult  to  evaluate,  such  as  protein  unfolding  and  ion 
binding,  were  ignored.   At  high  pH  the  measured  rate  is  much  faster  than  the 
calculated  rate,  suggesting  that  at  high  pH  other  mechanisms  involving  less 
electrostatic  repulsion  become  more  important. 

The  reactions  of  formaldehyde  with  amino  acids,  nucleosides,  and  similar 
compounds  were  studied.   The  primary  reaction,  replacement  of  an  active 
hydrogen  by  an  hydroxymethyl  adduct,  may  be  followed  by  intermolecular 
methylene  bridge  formation  if  the  concentration  of  reactants  is  high,  or  by 
intramolecular  methylene  bridge  formation  if  steric  factors  are  favorable. 

Dr.  R.  B.  Simpson 

VII.  HORMONES  AND  RECEPTORS 

Insulin  Receptors  in  Genetic  Disorders  of  Insulin  Resistance 

We  have  continued  to  study  genetic  disorders  of  peripheral  resistance  to  the 
polypeptide  hormones,  insulin  and  somatomedin  (insulin-like  growth  factor), 
using  fibroblasts  established  in  culture  from  skin  biopsies  from  affected 
patients  and  control  subjects.   We  have  characterized  specific  cell  surface 
receptors  on  fibroblasts  for  insulin  and  somatomedins,  as  well  as  the  bio- 
logical responses  (glucose  incorporation,  amino  acid  transport)  to  these 
peptides.   We  have  identified  the  first  genetic  defect  of  insulin  receptors 
in  fibroblasts  cultured  from  a  patient  with  leprechaunism,  intrauterine 
growth  retardation,  and  clinical  insulin  resistance.   Insulin-stimulated 
glucose  incorporation,  mediated  by  the  insulin  receptor,  is  impaired  in  the 
patient's  cells.   We  also  have  identified  impaired  binding  for  the  polypep- 
tide hormone  most  closely  related  to  insulin,  namely,  insulin-like  growth 
factor  I  (IGF-I)  to  specific  IGF-I  receptors,  and  a  corresponding  defect  in 
IGF-stimulated  glucose  incorporation.   These  results  suggest  that  insulin 
receptors  and  IGF  receptors  are  structurally  similar  and  may  be  similarly 
coupled  to  effector  pathways.   Further  studies  should  help  elucidate  the 
relationship  of  hormone  binding  to  the  transmission  of  biological  signals, 
and  define  the  hormonal  regulators  of  intrauterine  growth. 

Dr.  M.  M.  Rechler,  E.  E.  Van  Obberghen-Schilling,  J.  A. 

Romanus,  Dr.  A.  B.  Knight 

Multiplication- Stimulating  Activity    (MSA) :     An  Insulin-Like  Growth  Factor 
(Somatomedin)  from  Cloned  Rat  Liver  Cells 

In  our  studies  of  the  insulin-like  growth  factor  (somatomedin)  multiplication- 
stimulating  activity  (MSA) ,  a  polypeptide  synthesized  by  a  cloned  line  of  rat 
liver  cells  (BRL  3A) ,  progress  has  been  made  in  the  following  areas:   (i) 
demonstration  that  insulin-like  growth  factor  (IGF)  receptors  are  hetero- 
geneous, differing  in  their  reactivity  with  different  insulin-like  growth 
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factors  and  insulin;   (ii)  demonstration  by  affinity  crosslinking  of  two 
structural  subtypes  of  IGF  receptors;   (iii)  recognition  that  insulin  and  MSA 
stimulate  common  biological  responses  via  common  pathways  but  using  separate 
receptors  in  fibroblasts,  adipocytes,  liver  cells,  cartilage,  and  endothelial 
cells;   (iv)  demonstration  of  20-  to  100-fold  increased  levels  of  MSA  in 
fetal  rat  serum;   and  (v)  characterization  of  growth  hormone-dependent 
binding  proteins  for  somatomedins  in  serum  of  rats  and  humans. 

Dr.  M.  M.  Rechler,  E.  E.  Van  Obberghen-Schilling,  J.  A. 

Romanus,  Dr.  A.  M.  Acquaviva,  Y.  W.-H.  Yang,  and  Dr.  A.  B.  Knight  (LBP, 
NIADDK) ;   Drs.  S.  P.  Nissley  and  R.  M.  White  (MB,  NCI);   Dr.  M.  Kasuga 
(DB,  NIADDK);   Drs.  R.  L.  Stevens  and  V.  C.  Hascall  (LB,  NIDR) 

Thyrotropin  Receptors ^    Thyroid  Regulation,   and  Pathophysiology 

A  model  of  the  thyrotropin  (TSH)  receptor  structure  and  the  mechanism  by 
which  the  receptor-TSH  complex  is  coupled  to  the  adenylate  cyclase  system  has 
been  proposed  and  evidence  to  support  its  outline  continues  to  be  obtained. 
In  the  course  of  this  work,  enzymes  regulating  TSH-  and  cholera  toxin-stimu- 
lated thyroid  cyclase  activity  and  down  regulation  have  been  defined;   mono- 
clonal antibodies  to  human  and  bovine  TSH  receptors  have  been  prepared  and 
their  relation  to  autoimmune  stimulating  antibodies  defined.   The  TSH  recep- 
tor glycoprotein  component  has  been  structurally  defined  on  gels  and  message 
isolation  initiated.   The  role  of  the  ganglioside  has  been  defined  and  related 
to  the  role  of  the  ganglioside  in  tetanus  and  cholera  toxin  interactions  with 
cells. 

Drs.  M.  J.  S.  De  Wolf,  W.  A.  Valente,  P.  Laccetti,  E.  F. 

Grollman,  F.  S.  Ambesi-Impiombato,  Z.  Yavin,  E.  Yavin,  P.  Vitti,  D.  L. 
Gill,  and  L.  D.  Kohn  (LBP,  NIADDK);   Dr.  S.  Shifrin  (DCBD,  NCI); 
Dr.  M.  D.  Schneider  (BG,  IR,  NHLBI) ;   Drs.  S.  M.  Aloj ,  E.  Consiglio, 
and  M.  J.  Meldolesi,  and  F.  Beguinot  (University  of  Naples,  Italy) 

Tetanus  Receptors  and  Mechanism  of  Action 

Using  neural  cells  grown  on  defined  media,  receptor-mediated  tetanus  toxin 
binding  to  the  cell;   toxin  sequestration  within  a  membrane  compartment 
linked  to  cytoskeleton  elements;   and  an  internalized  compartment  linked  to 
a  Gxib'tetanus  adduct  have  been  demonstrated.   The  relation  of  toxin  binding 
to  binding  of  selected  pharmacodynamic  agents  has  been  tested. 

Drs.  Z.  Yavin,  E.  Yavin,  and  L.  D.  Kohn  (LBP,  NIADDK);   Drs. 

M.  C.  Hardegree  and  W.  H.  Habig  (DBP,  BB,  FDA) 

Interferon  Receptors  and  Action 

Interferon  effects  on  thyroid  cell  function  and  relations  to  TSH  receptor 
expression  support  the  idea  of  a  relationship  between  cell  regulation  by 
glycoprotein  hormones  and  antiviral  protection  by  interferon. 

Drs.  G.  Lee,  F.  S.  Ambesi-Impiombata,  and  L.  D.  Kohn  (LBP, 

NIADDK);   Dr.  R.  M.  Friedman  (LEP,  NIADDK);   Dr.  S.  M.  Aloj  (University 
of  Naples,  Italy) 
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Graves '  Disease 

Using  monoclonal  antibodies,  the  autoimmune  antibodies  of  Graves'  disease 
have  been  established  to  be  polyclonal  in  nature,  and  distinct  stimulator 
antibodies  have  been  defined. 

Drs.  W.  A.  Valente,  E.  Yavin,  Z,  Yavin,  and  L.  D.  Kohn 

Thyvogtobutin  Biosynthesis  and  Degradation 

Membrane  receptor  interactions  have  been  further  defined.   The  receptor 
involving  N-acetylglucosamine  residues  on  the  thyroglobulin  molecule  also 
interacts  with  tyrosine  residues  and  is  correlated  with  the  iodination- 
organif ication  process.   A  second  receptor  appears  to  involve  a  mannose-PO^ 
residue  on  the  thyroglobulin  molecule;   the  relationship  of  this  determinant 
to  thyroglobulin  structure  or  lysosomal  processing  is  being  questioned.   A 
27S  thyroglobulin  binding  site  has  been  defined  and  may  be  linked  to  a  unique 
biodegradation  process  related  to  coated  pits. 

Dr.  S.  Shifrin  (DCBD,  NCI);   Drs.  D.  L.  Gill,  E.  F.  Grollman, 

E.  Consiglio,  and  L.  D.  Kohn  (LBP,  NIADDK) ;   Dr.  J.  E.  Rail  (CEB,  NIADDK) 

EleGtvoohemical  Ion  Gradients  as  a  Mechanism  of  Cellular  Message  Transmission 

Recent  evidence  suggests  that  the  receptors  for  thyrotropin,  tetanus  toxin, 
and  interferon  are  composed  of  both  a  glycoprotein  and  a  ganglioside.   One 
effect  of  the  interaction  of  each  of  these  ligands  with  its  receptor  compo- 
nents is  an  alteration  in  membrane  potential  and  ion  fluxes.   The  mechanism 
and  effects  of  these  agents  on  membrane  potential  and  ion  fluxes,  in  particu- 
lar on  calcium  transport  mechanisms,  has  been  further  characterized.   With 
the  recent  development  and  availability  of  monoclonal  antibodies  to  the 
receptor  components  of  these  agents,  an  examination  of  the  relationship  of 
receptor-effector  interactions  to  the  transport  of  ions  and  solutes  across 
the  cell  membrane  is  now  possible. 

Drs.  E.  F.  Grollman,  D.  L.  Gill,  and  D.  Tombaccini 

Steady-State  Relations  between  Eormone/Drug  Binding  and  Elicited  Response: 
Quantitative  Moleaular  Models 

Current  models  relating  binding  of  bioactive  ligand  to  target  membranes/ 
cells/tissues  and  the  magnitude  of  elicited  response  have  been  critically 
reviewed.   Alternative  models  have  been  formulated  which  provide  simpler 
interpretations  of  data  in  the  literature. 

Dr.  A.  P.  Minton 

VIII.  BLOOD  COAGULATION,  TRANSGLUTAMINASE,  AND  RELATED  FACTORS 

Tissue  Culture  -  Blood  Coagulation  and  Related  factors 

Studies  on  the  crosslinking  of  lamprey  fibrin,  where  only  y-chains  crosslink, 
reveal  similar  but  clearer  effects  than  previously  determined  with  higher 
species  utilizing  laser  light  scattering. 
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Isolated  and  purified  salmon  plasminogen  when  converted  to  plasmin  shows  an 
activity  12  to  20  times  greater  than  human  plasmin.   Salmon  fibrinogen 
possesses  a  B6  chain,  larger  than  the  Aa.   This  contrasts  sharply  with  the 
majority  of  species  reported  to  date. 

An  SV40  transformed  rabbit  uterine  epithelial  cell  line  has  been  maintained 
in  culture  for  about  a  year.   Factor  Xlll-like  transglutaminases,  as  well  as 
other  coagulating  factors  (enzymes) ,  are  under  study.   It  is  still  not 
possible  to  successfully  maintain  in  culture  for  extended  periods  the  un- 
transformed  primary  epithelial  cell,  in  contrast  to  that  reported  in  the 
literature. 

Isolation  and  characterization  of  the  unusual  Aa-chain  of  lamprey  fibrinogen 
by  succinic  anhydride  modification  is  in  progress. 

Drs.  J.  A.  Gladner,  R.  J.  Nossal  (PSL,  DCRT) ,  S.  I.  Chung 

(LB,  NIDR) ,  M.  S.  Lewis  (BEI,  DRS),  and  H.  G.  Coon  (LCB,  NCI),  and 
Mrs.  P.  A.  Murtaugh 

The  Ultrastructure  of  Citvaconylated  Fibrin 

The  citraconylation  of  canine  fibrinogen  produced  a  soluble  modified  fibrino- 
gen.  The  action  of  thrombin  on  this  fibrinogen  resulted  in  the  formation  of 
a  soluble  modified  fibrin  instead  of  the  usual  thrombin-induced  fibrin  clot. 
The  electron  microscopic  examination  of  this  citraconylated  fibrin  demon- 
strated the  presence  of  mostly  protofibrils  with  the  absence  of  thick  fibers 
via  lateral  assembly.   This  is  indicative  of  a  lack  of  branch  points  any  time 
after  the  protofibril  stage,  and  also  suggests  that  the  protofibril  stage  may 
be  an  intermediate  in  the  mechanism  of  fibrin  assembly  to  a  network  of  fibrin 
fibers.   It  appears  that  the  added  negative  charges  generated  by  the  citra- 
conylation process  disrupts  the  lateral  association  of  fibrin  polymerization. 
Also  the  degree  of  citraconylation  of  the  lysine  groups  in  the  fibrin  influ- 
ences the  extent  of  linear  and  lateral  association  of  the  fibrin  assembly. 
At  a  high  level  of  citraconylation  of  fibrin,  the  electron  micrographs  re- 
vealed that  even  the  protofibril  formation  was  inhibited  and  the  fibrin 
monomers  were  incapable  of  the  early  stages  of  linear  association. 

Thrombin-Platelet  Interaction 

The  interaction  of  thrombin  with  platelets  alters  the  shape  of  the  platelet 
from  a  disc  to  a  sphere  at  which  point  aggregation  occurs  with  the  release  of 
ATP.   The  rate  of  aggregation  appears  to  be  independent  of  thrombin  con- 
centration.  The  addition  of  hirudin  10  seconds  after  the  addition  of  throm- 
bin, had  no  effect  on  the  system;   however,  blocking  thrombin  initially 
prevents  the  activation  of  the  platelets.   The  reaction,  therefore,  occurs  by 
a  two-step  mechanism  and  only  the  fast  first  step  is  thrombin-dependent. 

Dr.  A.  J.  Osbahr 

Host  Versus  the  Proliferating  Cell 

In  studying  the  role  of  transglutaminase  we  reported  that  inactivation  of 
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transglutaminase  with  alkyl  isocyanates  in  tumor-bearing  or  pregnant  mice 
results  in  the  generation  of  T-cells  which  kill  the  unmasked  tumor  cells  and 
the  unmasked  conceptus.   The  involvement  of  the  immune  system  is  further 
demonstrated  by  the  finding  that  mice  "cured"  with  these  drugs  will  not  take 
up  the  same  tumor. 

Our  explanation  is  that  inactivated  transglutaminase  cannot  utilize  the 
tumor's  "altered  self"  as  substrate,  and  thus  the  "strangeness"  of  the  tumor 
cell  remains  uncovered  and  will  not  stimulate  the  immune  system. 

Our  recent  experiments  show  that  cancer  tissue  incubated  with  nitrosourea 
compounds  in  vitro  also  lose  their  cover-up  and  stimulate  the  host's  lympho- 
cytes as  can  be  seen  in  skin  tests  and  in  the  migration  inhibition  test. 

Drs.  K.  Laki  and  P.  Boros,  and  S.  T.  Yancey  (LCHPH,  NCI) 

In  continuing  our  studies  concerning  the  action  of  transglutaminase  (Factor 
XIII)  on  pregnancy,  we  have  found  that  when  the  Factor  XIII  content  of  the 
amniotic  fluid  is  20%  below  an  average  value,  the  newborn  babies  experience 
adaptation  difficulties. 

Factor  Xlll-def icient  women  not  able  to  "mask"  the  fetus,  abort  it.   (With 
the  addition  of  Factor  XIII,  the  pregnancy  is  successful.)   Here  we  find  that 
even  when  the  abortion  does  not  take  place  in  Factor  XIII  deficiency,  the 
fetus  may  still  suffer  as  a  result  of  the  deficiency. 

Drs.  K.  Laki  and  E.  Padar  (Medical  University,  Debrecen, 

Hungary) 

De'pendenae  of  F-ibrin  Gelation  Time  upon  the  Concentrations  of  Fibrinogen, 
Thrombin^   and  Inert  Proteins 

A  rapid  and  reproducible  viscometric  assay  for  gelation  time  in  fibrin  solu- 
tions has  been  developed.   A  substantial  body  of  data  on  the  dependence  of 
gelation  time  upon  the  concentration  of  thrombin,  fibrinogen,  inert  proteins, 
and  temperature  has  been  accumulated,  and  mechanistic  models  to  account  for 
these  data  are  being  developed. 

Drs.  J.  Wilf  and  A.  P.  Minton 

IX.  TRAUMATIC  SHOCK  AND  CELLULAR  IMMUNITY 

Sodium  Chloride  Toxicity  in  Normal  Mice 

The  project  on  the  effect  of  sodium  chloride  levels  in  the  diet  upon  lon- 
gevity of  mice  has  been  completed.   This  has  been  a  three-year  study  with 
four  groups  of  mice  (50  each)  fed  levels  of  sodium  chloride  from  0.5%  to 
4.5%,  from  1  month  of  age  until  death.   The  average  longevity  of  mice  was  not 
altered  by  high  levels  of  sodium  chloride,  indicating  the  absence  of  harmful 
effects.   The  only  consistent  difference  was  a  slightly  lower  average  weight 
attained  in  the  group  with  4.5%  sodium  chloride.   Since  the  strain  of  mice 
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(Aij)  was  not  genetically  hypertensive,  it  may  be  concluded  that  in  normal 
mice  these  levels  of  sodium  chloride  are  not  harmful.   No  significant  differ- 
ences in  gross  autopsies  were  observed. 

Dr.  S.  M.  Rosenthal 

X.  MYCOBACTERIUM 

Marked  improvement  on  the  growth  of  mouse  megakaryocytes  was  observed  in 
cultures  maintained  in  a  liquid  medium  containing  20%  horse  serum  in  medium 
NCTC  135.   Degeneration  of  megakaryocytes  appeared  less  than  before.   The 
complete  sequential  events  of  maturation  of  megakaryocytes  through  the  stages 
of  megakaryoblast,  promegakaryocyte,  granular  megakaryocyte,  and  demarcation 
membrane  formation  was  observed  regularly  in  all  the  eight  experiments  per- 
formed up  to  the  present  time.   This  is  quite  different  from  previous  results 
in  that  good  granular  and  demarcation  membrane  forming  megakaryocytes  were 
observed  only  occasionaly  in  some  experiments.   The  number  of  megakaryocytes 
increased  3-  to  5-fold  in  a  period  of  3-4  days.   A  few  megakaryoblasts  were 
observed  in  cultures  as  late  as  15  days  after  cultivation. 

Dr.  Y.  T.  Chang 
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Project  Description: 

I.   Protein  Synthesis.   The  aminoacyl  tRNA  synthetases  of  all  living 
organisms  catalyze  the  following  general  reaction: 


amino  acid  +  ATP  +   tRNA  -« aminoacyl  tRNA  +  AMP  +  PP. 

We  found  previously  that  the  activity  of  a  valyl  tRNA  synthetase  of  yeast  can 
be  enhanced  by  a  heat-stable,  nondialyzable  acidic  substance  obtained  from 
crude  extracts.   During  the  past  year  we  have  sought  to  elucidate  the  nature 
of  this  substance  and  its  interaction  with  the  enzyme.   An  assay  system  has 
been  developed  in  which  the  enzymatic  rate  is  increased  20-  to  30-fold  by  the 
heat-stable  factor.   Also,  the  factor  eliminates  a  lag  period  in  the  reaction 
course  if  it  is  preincubated  with  the  enzyme  in  a  suitable  way. 

We  believe  this  factor  is  part  of  a  regulatory  mechanism  important  in  con- 
trolling the  rate  of  protein  synthesis,  and  shall  continue  to  study  this 
mechanism  with  a  view  to  elucidating  its  exact  chemical  nature  and  physio- 
logical role. 

II.   Evolution.   Experiments  designed  to  elucidate  the  origin  of  the  genetic 
code  have  been  continued.   Demonstrations  of  hydrogen  bond  formation  between 
pyrimidines  and  peptides  were  made  previously.   New  experiments  have  shown 
the  very  strong  binding  of  cytosine  derivatives  to  peptides  of  serine  and 
threonine  involve  the  N(4)NH2  of  cytosine  and  a  C=0  of  the  peptide,  and  the 
C(2)=0  of  cytosine  and  the  3-hydroxyl  group  of  serine  or  threonine  residues. 
Work  is  under  way,  utilizing  suitable  l^N  derivatives  of  cytosine,  to  con- 
firm involvement  of  its  N(3)  atom,  to  more  accurately  measure  the  binding 
strength,  and  to  find  ways  to  measure  the  binding  in  water  solutions. 

Publications: 

Black,  S. :   Book  review  of  Genesis  on  Planet  Earth  by  William  Day,  The  House 
of  Talcs  Publishers,  East  Lansing,  1979.   Org.  Geochem.  2:  182-183,  1980. 

Black,  S. :   Cold  and  dry,  zero  gravity  and  radiation  -  how  life  copes. 
Trends  Biochem.  Sci.  5:  8-9,  1980. 

Cohen,  J.  S. ,  Niu,  C.-H. ,  Matsuura,  S. ,  and  Shindo,  H. :   Conformation,  mecha- 
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Growth  of  Megakaryocytes  in  Cultiires 

During  studies  of  growth  of  megakaryocytes  in  cultures ,  various  numbers  of 
damaged  megakaryocytes  were  observed  in  the  marrow  cell  suspensions.   It  was 
found  that  occurrence  of  these  cells  was  related  to  the  pH  of  cell  suspension. 
The  higher  the  pH,  the  more  cells  were  damaged.   Correction  of  the  pH  by 
introducing  carbon  dioxide  into  cell  suspension  as  well  as  the  culture  vessels 
not  only  prevented  the  appearance  of  damaged  cells  but  also  improved  the 
growth  of  megakaryocytes  after  cultivation. 

Another  in^rovement  on  the  growth  of  megakaryocytes  was  achieved  by  using 
higher  cell  concentration  in  cultures:   2  x  10^  marrow  cells  per  ml  showed 
better  growth  than  1  x  10^  marrow  cells  per  ml. 

Loss  of  cells  from  the  cytospin  cell  preparations  was  observed  frequently 
after  May-Grunwald-Giemsa  (MGG)  staining.   This  made  cell  counts  rather  diffi- 
cult.  This  problem  was  solved  by  application  of  heat  for  cell  fixation.   The 
slides  were  heated  by  passing  over  a  small  flame  repeatedly  (10  times)  over  a 
period  of  +  7  seconds,  followed  by  the  MGG  staining. 

The  a-granules  of  megakaryocytes  were  difficult  to  stain  at  certain  stages  of 
cell  maturation.   A  long  period  of  MGG  staining  was  necessary.   This  was  done 
by  staining  slides  with  May-Grunwald  solution  for  30  minutes,  followed  by 
Giemsa  (1  :  10)  for  60  minutes.   Then  the  slides  were  soaked  in  phosphate 
buffer,  pH  6.4,  for  10  minutes. 

With  all  of  the  above  precautions  observed,  growth  of  megakaryocytes  was 
markedly  improved.   Good  granular  and  demarcation  membrane  forming  megakaryo- 
cytes, previously  observed  only  occasionally,  now  appeared  regularly  in  every 
experiment.   A  few  meg akaryob lasts  were  observed  in  cultures  as  late  as  15 
days  after  cultivation.   Moreover,  cells  showing  the  process  of  platelet 
liberation  were  observed  more  frequently  in  these  cultures . 

Since  1972  there  have  been  10  laboratories  throughout  the  world  working  on 
cultivation  of  megakaryocytes.   None  of  the  investigators  in  these  labora- 
tories has  shown  cells  with  demarcation  membrane  formations  by  light  micros- 
copy.  This  had  led  the  investigators  to  believe  that  demarcation  membranes 
can  be  demonstrated  only  by  electron  microscopy.   The  investigators  also 
believed  that  both  a  semi-solid  culture  and  a  growth-stimulating  agent  (ery- 
thropoietin or*  specific  cell-conditioned  medium)  were  required  for  the  growth 
of  megakaryocytes. 

In  our  cell  system,  it  is  clear  that  megakaryocytes  can  be  grown  in  a  simple 
liquid  medium  and  that  demarcation  membrane  can  be  demonstrated  in  the  cyto- 
plasm with  light  microscopy.   To  my  knowledge,  our  cell  system  appears  to  be 
the  first  culture  to  reveal  the  entire  sequential  events  of  maturation  of 
megakaryocytes  by  light  microscopy. 
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Studies  on  a  C!hinese  Anti-Inflammation  Drug,  Lai-Kung-Teng 

Negotiation  for  a  cooperative  study  with  investigators  in  the  People's  Republic 
of  China  is  still  in  progress.   In  the  meantime,  a  trial  was  made  to  develop  a 
mouse  model  for  studies  of  anti-inflammatory  agents.   These  experiments  are  in 
progress. 

Publications : 

None 
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A  mutant  of  Escherichia  coli  K-12  carrying  a  single  mutation,  designated  rf aP, 
which  affects  the  synthesis  of  the  aldoheptose,  L-glycero-D-mannoheptose,  has  beer 
isolated.   Phenotypically  this  mutant  is  novobiocin-hypersensitive  with  altered 
lipopolysaccharide  (LPS)  core  biosynthesis.   It  was  observed  that  the  LPS  of  the 
rf aP  ir"tant  contained  the  aldoheptose  D-glycero-D-mannoheptose  rather  than  the 
normal  L-glycero-D-mannoheptose.   It  is  postulated  that  L-glycero-D-mannoheptose 
is  formed  from  D-glycero-D-mannoheptose  via  a  racemization.   A  crude  assay  to 
measure  the  epimerase  activity  has  been  developed.   Hybrid  colicin  El  plasmids 
capable  of  correcting  the  rf aD  phenotype  have  been  selected,  and  these  increase 
the  epimerase  activity  and  the  number  of  completed  LPS  core  structures  relative  tc 
the  wild  type.   This  represents  the  initial  step  in  understanding  the  biochemistrji 
of  aldoheptose  biosynthesis  and  provides  a  system  for  studying  its  regulation.   I 
selected  from  the  Clark,  and  Carbon  colony  bank,  hybrid  ColEl  plasmids  which  cor- 
rected the  rfaD  phenotype  and  conferred  ColEl  resistance  by  F-factor — mediated 
transfer.   This  was  further  demonstrated  by  transforming  experiments  using  hsd 
rfaD  strains.   We  are  now  characterizing  the  hybrid  ColEl  plasmids,  cloning  and 


restriction  mapping  the  rfaD  gene  fragment, 
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Project  Description: 

Objectives: 

(1)  To  elucidate  and  characterize  the  biochemical  steps  leading  from  sedo- 
heptulose-7-P  to  L-glycero-D-mannoheptose.   (2)  To  study  the  regulatory 
mechanisms  involved  in  these  steps.   (3)  To  isolate  and  clone  genes  necessary 
for  this  process.   (4)  To  measure,  isolate,  and  purify  the  proteins  involved 
in  aldoheptose  biosynthesis.   (5)  To  synthesize  or  isolate  the  substrate  for 
the  D-glycero-D-mannoheptose  epimerase  activity,  NTP-D-glycero-D-mannoheptose. 

Major  Findings: 

(1)  A  mutant  of  E^  coli  K-12  altered  in  the  final  step  of  aldoheptose  bio- 
synthesis has  been  isolated  and  genetically  and  biochemically  characterized. 

(2)  Hybrid  ColEl  plasmids  capable  of  complementing  the  aldoheptose  deficiency 
have  been  selected.  In  addition,  mutant  strains  carrying  these  plasmids  pro- 
duce more  enzyme  and  completed  LPS  chains  than  the  parent  strains. 

(3)  The  apparent  change  in  LPS  structure  resulting  from  the  rf aP  mutation  or 
the  presence  of  the  cloned  rf aP  gene  region  can  be  demonstrated  using  poly- 
acrylamide  gel  electrophoresis  and  staining  with  an  ultrasensitive  silver 
staining  process. 

(4)  A  fragment  of  cloned  E^  coli  K-12  PNA  from  the  hybrid  ColEl  plasmid 
carrying  the  rfaP  gene  region  has  been  isolated,  and  several  fragments  of 
this  piece  have  been  generated  by  a  restriction  endonuclease. 

(5)  Additional  novobiocin-hypersensitive  mutants  have  been  isolated,  and 
complementation  studies  are  in  progress. 
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We  have  expanded  our  investigations  into  the  regulation  of  gene  expression 
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Project  Description: 

I.  Small  Nuclear  RNA  Genes  of  the  Rat 

In  our  attempt  to  identify  genes  that  must  be  expressed  to  attain  or  maintain 
a  particular  state  of  cellular  differentiation,  we  have  compared  the  types  of 
small  nuclear  RNAs  (snRNAs)  synthesized  in  various  normal  and  transformed  rat 
cells.   For  normal  cells  we  used  liver  cells  from  regenerating  livers  as  well 
as  from  normal  livers  of  young  and  adult  rats.  We  also  obtained  snRNAs  from 
kidney  and  muscle  from  young  rats.   Our  transformed  cells  were  derived  from  a 
rat  adrenal  medullary  tumor  (pheochromocytoma,  PC12).   As  judged  by  polyacryl- 
amide  gel  electrophoresis,  we  found  that  the  PC12  line  contained  the  major 
types  and  pattern  of  snRNAs  described  previously  by  others  (e.g.,  the  species 
designated  Ul,  U2,  U3,  U4,  U5,  U6,  5S,  and  several  not  named).   Young  rat 
liver  contains  most  of  these  but  also  many  heretofore  not  previously  de- 
scribed species.   Furthermore,  we  also  found  differences  among  the  patterns 
of  the  snRNAs  present  in  muscle,  kidney,  young  liver,  adult  liver,  regenerat- 
ing liver,  and  the  PC12  cell  line.   We  found  these  differences  not  only  for 
the  previously  described,  typical  snRNA  species  but  also  for  those  newly 
discovered  by  us.   By  using  cDNA  copies  of  the  snRNAs  present  in  liver  from 
adult  rats,  we  have  demonstrated  that  only  the  Ul  and  U2  species  of  these 
various  cell  types  are  homologous  to  those  in  the  adult  liver.   We  tentative- 
ly conclude  at  this  point  that  different  snRNA  genes  (or  alleles)  are  ex- 
pressed in  different  rat  tissues. 

II.  Repetitive  DNA  Elements  in  the  Rat 

The  function,  organization,  evolutionary  origin  and  fate  of  repetitive  DNA  in 
eukaryotes  is  largely  unknown.   Approximately  one-third  of  the  mass  of  the 
rat  genome  is  comprised  of  this  type  of  DNA.   In  some  organisms,  a  tissue- 
specific  transcription  of  repetitive  DNA  elements  has  been  found,  and  it  has 
been  proposed  that  the  transcription  of  repeat  elements  may  be  related  to  the 
regulation  of  gene  expression  in  different  tissues.   Because  one  cannot 
seriously  discuss  repeat  elements  without  much  more  information,  we  began  a 
systematic  analysis  of  the  organization,  transcription,  and  evolution  of 
repeat  elements  in  the  rat.   We  developed  an  assay  to  rapidly  and  accurately 
determine  the  repeat  number  of  any  repeat  element  as  well  as  a  method  to 
rapidly  and  semiquantitatively  screen  a  library  of  the  repeat  elements  of  the 
rat  that  we  have  cloned.   Our  screening  method  allows  us  to  determine  the 
relative  reiteration  number  and  transcription  of  all  the  repeat  elements  in 
our  library.   We  have  found  that  the  repeat  families  fall  into  three  reiter- 
ation classes:   (i)  a  small  number  of  different  elements  (4-8),  each  repeated 
20,000  to  100,000  times;   (ii)  a  second  class  of  about  100  different  families, 
each  repeated  about  3,000  to  10,000  times;   and  (iii)  a  third  class  of  3,000  to 
4,000  families,  each  repeated  30  to  300  times.   Some  of  the  families  are  related 
to  each  other  in  that  a  portion  of  one  of  the  families  of  the  second  class  is 
imbedded  in  one  of  families  of  the  very  highly  repeated  class.   Approximately 
40,  or  10%,  of  396  randomly  selected  repeat  clones  are  highly  transcribed  in 
liver  cells.   We  also  have  found  that  15  out  of  these  396  repeat  families 


314 


ZOl   AM  23,580-18   LBP 

are  highly  conserved  in  the  mouse  genome.   Interestingly,  one-third  of  these 
conserved  repeat  elements  are  transcribed  in  the  rat.   Some  of  the  conserved 
repeat  elements  are  of  very  different  reiteration  frequencies  in  the  mouse 
and  rat  genomes,  suggesting  that  these  elements  can  expand  or  contract  depend- 
ing on  the  cellular  environment.   We  are  now  in  the  process  of  expanding  and 
refining  these  results. 

III.   The  Requirement  for  Two  Active  tuf  Genes  in  E.  coli 

We  have  recently  constructed  several  isogenic  strains  that  differ  only  by  a 
Mu  prophage  insertion  in  the  tufB  gene.   This  insertion  inactivates  the  tufB 
gene,  and  comparison  of  the  tufB"  strain  with  its  tufB   counterpart  indicates 
that  E.  coli  requires  2  active  tufB  genes  in  order  to  regulate  ribosomal  RNA 
synthesis  properly.   This  defect  is  exhibited  under  conditions  when  the  cells 
are  subjected  to  conditions  that  lead  to  a  change  in  growth  rate.   In  one 
condition,  logarithmically-growing  cells  are  subjected  to  a  nutritional  shift 
up.   Whereas  the  wild  type  cells  respond  immediately  with  an  increase  in 
growth  rate,  RNA  synthesis,  and  in  the  synthesis  of  other  macromolecules  in- 
volved in  protein  synthesis,  the  tuf B~  cells  do  not.   This  is  not  because  EF- 
Tu  is  limiting  in  the  cells  (EF-Tu  is  encoded  by  the  tuf  gene)  because  they 
contain  wild  type  levels  of  EF-Tu  and  are  able  to  increase  the  rate  of  pro- 
tein synthesis  to  the  same  extent  of  wild  type  cells  after  the  nutritional 
shift.   Eventually  the  tufB~  cells  do  attain  a  wild  type  growth  rate;   how- 
ever, they  attain  the  wild  type  growth  rate  faster  when  shifted  to  a  nutri- 
tionally-rich medium  than  when  shifted  up  to  a  medium  that  is  not  as  rich. 
These  results  indicate  tufB"  cells  are  able  to  increase  their  protein  syn- 
thetic rate  in  the  absence  of  increased  ribosome  synthesis  and  suggests  that 
they  have  a  greater,  but  unused,  capacity  to  synthesize  protein  than  do  wild 
type  cells.   How  or  why  the  tufB"  cells  develop  this  unused  protein  synthetic 
capacity  is  not  known,  but  it  may  be  related  to  our  finding  that  the  tufB" 
cells,  but  not  the  wild  type  cells,  initially  overproduce  ribosomal  RNA  when 
diluted  out  of  stationary  phase  from  any  type  of  media.   We  are  currently 
investigating  the  relationship  of  this  defect  in  the  control  of  ribosomal  RNA 
synthesis  with  the  defect  caused  by  mutations  in  other  genes  that  affect  rRNA 
synthesis. 

Publications : 

Young,  F.  S.,  and  Furano,  A.  V.  F. :   Regulation  of  the  synthesis  of  Escheri- 
chia coli  elongation  factor  Tu.   Cell  24:  695-706,  1981. 
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of  cell  surfaces  in  development  and  regulation  or  as  tumor-specific  antigens. 

Carbohydrates  on  cell  membranes  that  are  receptors  for  toxins,  hormones ,  and 
antibodies  will  be  isolated  and  characterized. 


PHS-6040 


.316 


ZOl   AM  23,630-16   LBP 

Project  Description: 

Many  carbohydrates  of  cell  membranes  occur  at  levels  too  low  to  be  detected 
by  conventional  means.   We  are  developing  immunological  methods  for  their 
detection  using  two  general  approaches  for  obtaining  carbohydrate-specific 
antibodies:   (1)  animals  will  be  immunized  with  pure  oligosaccharides  coupled 
to  macromolecules  and  (2)  the  specificities  of  Waldenstrom  macroglobulins  and 
myeloma  proteins  which  bind  carbohydrates  will  be  determined. 

Glycolipid  antigens  of  monoclonal  antibodies  can  easily  be  detected  by  a  new 
method  involving  the  direct  binding  of  antibody  to  thin-layer  chromatograms 
of  total  lipid  extracts  of  tissues.   This  method  was  used  to  detect  and 
identify  the  antigens  of  several  monoclonal  antibodies  with  an  apparent 
specificity  for  human  intestinal  tumors.   These  antibodies  (obtained  from  Dr. 
Koprowski's  group  at  the  Wistar  Institute)  were  produced  by  hybridomas  ob- 
tained from  a  mouse  immunized  with  a  human  adenocarcinoma  cell  line.   The 
antigen  for  one  of  the  antibodies  is  a  monosialoganglioside.   Four  other 
antibodies  are  directed  against  the  Le"  antigen  of  the  human  Lewis  blood 
group  systems. 

Proposed  Course: 

Tumor-specific  glycolipid  antigens  will  be  isolated  and  characterized.   The 
purified  glycolipids  will  be  used  to  isolate  human  antibody-producing  cells 
of  the  desired  specificity.   The  cells  will  be  "immortalized"  by  EB  virus 
transformation  or  hybridomas  will  be  prepared  from  them  in  order  to  obtain 
monoclonal  antibodies. 

Oligosaccharides  will  be  isolated  from  natural  sources.   Certain  oligosaccha- 
rides will  be  coupled  to  macromolecules  in  order  to  make  antibodies  specific 
for  certain  sugar  sequences.   The  antibodies  will  be  used  in  radioimmune 
assays  for  the  occurrence  of  these  sugar  sequences  in  the  glycolipids  and 
glycoproteins  of  cell  membranes  and  serum. 

Carbohydrates  on  cell  membranes  that  are  receptors  for  toxins,  hormones, 
and  antibodies  will  be  isolated  and  characterized. 

Publications : 

Ginsburg,  V.,  McGinnis,  M.  M.  and  Zopf,  D.  A.:   Biochemical  basis  for 
some  blood  groups.   In  Sandler,  S.  G.,  Nusbacher,  J.,  and  Schanfield,  M.  S. 
(Eds.):   Immunobiology  of  the  Erythrocyte,  Progress  in  Clinical  and  Bio- 
logical Research  Series.   New  York,  Alan  R.  Liss,  Inc.,  1980,  Vol.  43, 
pp.  45-53. 

Magnani,  J.  L. ,  Smith,  D.  F.  and  Ginsburg,  V.:   Detection  of  gangliosides 
that  bind  cholera  toxin:   direct  binding  of  125i_iabeled  toxin  to  thin-layer 
chromatograms.   Anal.  Biochem.  108:  399-402,  1980. 
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Warner,  C.  V.,  Smith,  D.  F. ,  Zopf,  D.  A.,  and  Ginsburg,  V.:   A  human  Le(a-b+) 
blood  group  agglutinin  prepared  by  polymerizing  goat  anti-lacto-N-difuco- 
hexaose  I  IgG.   Mol.  Immunol.  17:  1163-1166,  1980. 

Ginsburg,  V.  and  Robbins,  P.,  Editors,  Biology  of  Carbohydrates.   New  York, 
John  Wiley  and  Sons,  1981,  Vol.  1,  320  pp. 

Hammer,  L. ,  MSnsson,  S.,  Rohr,  T. ,  Chester,  M.  A.,  Ginsburg,  V.,  Lundblad, 
A.  and  Zopf,  D.  :   Lewis  phenotype  of  erythrocytes  and  Le^-active  glycolipid 
in  serum  of  pregnant  women.   Vox  Sang.  40:  27-33,  1981. 

Magnani,  J.  L. ,  Brockhaus,  M. ,  Smith,  D.  F.,  Ginsburg,  V.,  Blaszczyk,  M. , 
Mitchell,  K.  F. ,  Steplewski,  Z.  and  Koprowski,  H. :   A  monosialoganglioside 
is  a  monoclonal  antibody-defined  antigen  of  colorectal  carcinoma.   Science 
212:  55-56,  1981. 

Ginsburg,  V. ,  Editor,  Methods  in  Enzymology  -  Complex  Carbohydrates,  Part  D. 
New  York,  Academic  Press,  Vol.  83,  in  press. 

Magnani,  J.  L. ,  Brockhaus,  M. ,  Smith,  D.  F.  and  Ginsburg,  V.:   Detection  of 
glycolipid  ligands  by  direct  binding  of  carbohydrate-binding  proteins  to 
thin-layer  chromatograms.   In  Ginsburg,  V.  (Ed.):   Methods  in  Enzymology  - 
Complex  Carbohydrates,  in  press. 

Smith,  D.  F. ,  Magnani,  J.  L.  and  Ginsburg,  V.:   Glycoliplds  of  cell  surfaces: 
isolation  of  specific  sugar  sequences  using  carbohydrate-binding  proteins. 
Arch.  Biochem.  Biophys. ,  in  press. 
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Salmon  plasminogen  and  plasmin  have  been  isolated  and  characterized.   Salmon 
plasmin  is  12  to  20  times  more  active  than  human  plasmin.   Salmon  fibrinogen 
possesses  a  Bg-chain  larger  than  the  Aa-chain.   Laser  light  scattering  is 
befng  employed  to  study  the  rigidity  of  lamprey  crosslinked  fibrin  clots. 
SV40  transformed  rabbit  uterine  epithelial  cells  have  been  maintained  in 
culture  for  a  year.   The  Aa-subunits  of  lamprey  fibrinogen,  modified  by 


succinic  anhydride,  are  under  study  to  elucidate  the  unusual  structure. 
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Project  Description: 

Objectives; 

The  final  phases  of  protein-protein  interactions  in  the  "cascade  scheme"  of 
blood  coagulation  lead  to  fibrin  formation  via  thrombin  action.   Fibrin  clots 
are  then  stabilized  by  isopeptide  bonds  (crosslinking)  formed  between  fibrin 
monomers  mediated  by  coagulation  factor  XIII.   These  biomolecular  reactions 
have  been  examined  in  lower  vertebrates  in  order  to  elucidate  possible  dif- 
ferences and/or  similarities  in  molecular  structure  and  action  which  may  be 
useful  in  understanding  and  treating  disorders  in  man.   Additionally,  factor 
XIII  and  like  transglutaminases  may  play  a  major  role  in  other  processes 
where  protein  stabilization  through  crosslinking  are  implicated  such  as  wound 
healing,  conception,  etc.   Investigations  have  now  been  initiated  as  to  the 
biosynthesis,  regulation,  storage,  and  release  of  factor  XIII  in  tissue  cul- 
tures, i.e.,  dynamic  systems. 

Methods : 

All  applicable  methodology  of  protein  and  enzyme  isolation,  purification,  and 
characterization  are  employed.   Physical  biochemistry  includes  ultracen- 
trifugation  and  laser  light  scattering.   In  conjunction  with  tissue  culture 
studies,  radioactive  assays  include  incorporation  and  radioactive  immuno- 
assays.  Fluorescent  antibody  (FITC)  techniques  are  also  utilized. 

Resume  of  Ongoing  Investigations: 

I.  Laser  Light  Scattering 

More  refined  methods  are  employed  to  investigate  the  crosslinking  of  lamprey 
fibrin  mediated  by  lamprey  factor  XIII.   Only  the  Y-chains  crosslink  in  this 
species,  in  contrast  to  the  a-  and  y-chains  of  the  higher  species.   Shear 
modulus  (elastic  strength)  data  should  show  the  importance  of  y-chain  versus 
a-chain  contributions  to  clot  strength. 

II.  Salmon  Plasminogen,  Plasmin,  and  Fibrinogen 

Activation  of  purified  salmon  plasminogen  to  plasmin  by  urokinase  shows  an 
activity  12  to  20  times  greater  than  human  plasmin  against  human  fibrinogen 
as  substrate.   Streptokinase  will  not  activate  salmon  plasminogen  to  plasmin. 
This  contrasts  to  higher  species  where  both  urokinase  and  streptokinase  can 
effectively  activate  plasminogens.   Salmon  fibrinogen  Aa-chains  have  a  molec- 
ular weight  of  52,000  compared  to  71,000  for  human  Aa-chains.   The  B3  chains 
of  salmon  fibrinogen  are  58,000.   This  contrasts  with  most  species  where  the 
Aa-chains  are  larger  than  the  B3's. 

III.  Lamprey  Fibrinogen 

We  have  determined  the  molecular  weight  of  the  Aa-subunits  of  lamprey  fibrin- 
ogen to  be  110,000.   In  attempts  to  elucidate  the  fine  structure  of  this 
unusual  subunit,  succinic  anhydride  modification  is  being  utilized  in  an 
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effort  to  solubilize  this  subunit.   This  will  enable  investigations  to  be 
performed  in  aqueous  environments.   The  isolated,  reduced,  and  alkylated  Aa- 
subunit  is  initially  insoluble  in  aqueous  media;   urea  and  guanidine  are 
required  for  solubility. 

IV.   Tissue  Culture 

An  SV40  transformed  rabbit  uterine  epithelial  cell  line  has  been  maintained 
in  culture  for  about  one  year.  Factor  Xlll-like  transglutaminases,  as  well 
as  other  coagulation  factors  (enzymes)  which  may  be  produced  by  these  cells, 
are  under  investigation.  Attempts  are  still  ongoing  to  maintain  in  culture 
uterine  primary  epithelial  cell  without  much  success.  Reports  of  such  cell 
lines  in  the  literature  are  in  error  as  to  cell  identity. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Characterization  of  blood  coagulation  factors  and  their  mechanism  of  action 
are  critical  to  our  knowledge  of  cardiovascular  abnormalities  which  may 
result  in  infarctions  and  strokes.   Protein  stabilization  via  crosslinking 
reactions  by  factor  XIII  and  similar  type  enzymes  appear  to  be  involved  in 
these  and  other  physiological  processes  such  as  wound  healing,  conception, 
etc.   Studying  biosynthesis  and  regulation  of  factor  XIII  in  organ  tissue 
culture,  uterus,  will  give  greater  knowledge  of  this  factor  in  a  physio- 
logical medium. 

Proposed  Course; 

Coagulation  factor  XIII,  and  others,  from  cellular  culture  will  be  stressed 
in  addition  to  the  projects  described  above. 

Publication: 

Gladner,  J.  A.,  Lewis,  M.  S. ,  and  Chung,  S.  I.:   Molecular  properties  of 
lamprey  fibrinogen.   J.  Biol.  Chem.  256:  1772-1781,  1981. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Recent  evidence  suggests  that  the  receptors  for  thyrotropin,  tetanus  toxin,  and 
interferon  are  composed  of  both  a  glycoprotein  and  a  ganglioside.   One  effect  of 
the  interaction  of  each  of  these  ligands  with  its  receptor  components  is  an 
alteration  in  membrane  potential  and  ion  fluxes.   The  mechanism  and  effects  of 
these  agents  on  membrane  potential  and  ion  fluxes,  in  particular  on  calcium 
transport  mechanisms,  has  been  further  characterized.   With  the  recent  develop- 
ment and  availability  of  monoclonal  antibodies  to  the  receptor  components  of 
these  agents,  an  examination  of  the  relationship  of  receptor -effector  inter- 
actions to  the  transport  of  ions  and  solutes  across  the  cell  membrane  is  now 
possible. 
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Project  Description: 

Objectives: 

The  objective  of  this  work  is  to  examine  the  mechanism  by  which  thyrotropin, 
interferon,  and  tetanus  toxin  interact  with  cell  membranes  to  transmit  their 
message  through  the  cell  membrane  to  the  cell  machinery.   Specific  attention 
will  be  given  to  (1)  the  relationship  of  receptor-effector  interactions  to 
the  transport  of  ions  and  solutes  across  the  cell  membrane  and  (2)  the 
involvement  of  structural  components  of  the  receptor  in  the  transport 
process,  particularly  as  they  relate  to  abnormalities  seen  in  diseases  of 
the  thyroid,  tetanus  toxicity,  and  failure  of  interferon  to  protect  against 
viral  infection. 

Methods  Employed: 

Cells  from  target  tissues  and  vesicles  prepared  from  the  cells  were  used  for 
studies  of  ion  transport  and  membrane  potential  across  the  plasma  membrane, 
using  radiolabeled  probes.   Techniques  developed  in  this  section  (Section  on 
Biochemistry  of  Cell  Regulation)  were  used  to  prepare  monoclonal  antibodies 
to  gangliosides. 

Major  Findings: 

(1)  Calcium  transport  mechanisms  of  the  synaptic  plasma  membrane  have  been 
analyzed  in  detail.   Tetanus  toxin  specifically  affects  one  mechanism 
(sodium-calcium  exchange)  which  correlates  with  the  exposure  of  the  binding 
sites  for  the  toxin.   This  effect  is  consistent  with  the  observations  that 
tetanus  toxin  specifically  alters  calcium  accumulation  and  the  membrane 
potential  in  intact  synaptosomes  from  mouse  brain  cortex.   This  effect  of 
tetanus  toxin  may  relate  to  its  pathological  action  to -inhibit  neurotrans- 
mitter release. 

(2)  The  properties  of  an  ATP-dependent  calcium  uptake  mechanism  has  been 
characterized  that  is  present  in  the  plasma  membrane  of  cells  grown  in 
tissue  culture.   A  role  for  a  "calcium  channel"  in  ligand  signalling  as  well 
as  a  basic  mechanism  of  calcium  transport  has  been  proposed. 

(3)  The  role  of  membrane  potential  in  iodide  uptake  has  been  shown,  using 
plasma  membrane  vesicles  prepared  from  a  functional  cell  line  of  thyroid 
cells  grown  in  continuous  culture.   Reconstitution  of  an  "iodide  carrier" 
from  these  cells  in  artificial  membranes  has  been  initiatad. 

(4)  Over  20  different  monoclonal  antibodies  have  been  prepared  that  are 
directed  specifically  to  several  different  types  of  gangliosides.   These 
antibodies  are  being  further  characterized.   Since  specific  gangliosides 
have  been  implicated  as  receptor  components  for  a  variety  of  ligands,  these 
monoclonal  antibodies  will  be  used  to  further  delineate  the  role  of  ganglio- 
sides in  receptor-mediated  message  transmission. 
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Proposed  Course; 

The  role  of  receptor-mediated  alterations  in  ion  fluxes  as  intracellular 
signals  will  be  pursued.   As  noted  above,  effects  of  tetanus  toxin,  thyro- 
tropin, and  interferon  on  these  parameters  have  already  been  observed  and 
will  be  further  characterized.   The  use  of  the  now  available  monoclonal 
antibodies  to  receptor  components  should  further  delinate  the  role  of  the 
receptor  in  transport  processes. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  Structural  and  functional  relationship  in  the  mechanism  by  which  glycoprotein 
hormones  [thyrotropin  (TSH) ,  luteinizing  hormone  (LH) ,  human  chorionic  gonado- 
tropin (hCG) ,  and  follicle-stimulating  hormone  (FSH) ] ,  certain  bacterial  toxins 
(cholera  and  tetanus,  for  example),  and  the  antiviral  protective  agent,  inter- 
feron, interact  with  and  tra:-3mlt  their  message  through  the  cell  membrane  is 
being  further  defined.   Studies  have  continued  which  explore  the  importance  of 
these  relationships  to  the  expression  of  thyroid  hyperf unction  in  Graves '  disease 
to  organ-specific  autoimmunity  in  general  and  the  autoimmunity  of  Graves'  disease 
in  particular;  to  fluid  losses  in  intestinal  diarrhetic  states;  to  thyroid  storm 
and  the  sympathetic  overactivity  syndrome  of  tetanus;  to  the  ability  of  hormones 
to  modulate  the  oncogenic  state;  and  to  the  mechanism  by  which  toxins  subvert  nor 
mal  mechanisms  to  impose  their  pathological  effects.   Studies  have  been  continued 
which  evaluate  the  role  of  membranes  in  thyroglobulin  biosynthesis  and  thyroglob- 
"1^"  blodegradation  to  T3  and  T4  and  the  role  of  carbohydrate  moieties  in  thyro- 
globulln  structure  and  post-translational  processing.   Finally,  studies  have  been 
initiated  which  concern  lipid  regulation  of  receptor  expression  with  special  em- 


phasis on  neuronal  and  thyroid  cell  development. 
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Project  Description: 

Objectives: 

The  thrust  of  work  in  this  section  is  toward  an  understanding  of  the  mecha- 
nisms by  which  hormonal  and  pharmacological  agents  regulate  cell  activity  and 
the  means  by  which  these  mechanisms  are  subverted  by  pathologic  agents  to 
express  themselves  in  metabolic  and  digestive  diseases.   The  specific  theme 
of  this  element  of  the  section  centers  around  the  understanding  of  thyroid 
physiology,  development,  and  regulation  with  respect  to  normal  body  function 
and  those  pathologic  states  which  subvert  normal  mechanisms.   A  basic  bio- 
chemical and  basic  molecular  biology  approach  is  combined  with  attempts  to 
express  results  in  immediately  relevant  diagnostic  or  therapeutic  systems 
which  can  redress  normal  growth  and  development. 

Current  efforts  center  upon  the  action  of  hormonal  and  pharmacological  agents 
on  cell  membranes  and  the  means  by  which  these  agents  transmit  information 
across  membranes  to  effect  normal  cell  functions  or  to  subvert  these  func- 
tions.  Since  these  efforts  have  defined  a  relationship  in  the  structure  and 
function  of  surface  membrane  receptors  and  transmission  processes  among 
thyrotropin,  nonapeptide  hormones,  tetanus  toxin,  cholera  toxin,  nerve  growth 
factor,  interferon,  and  several  plant  lectins  which  affect  mitogenic  activ- 
ity, as  well  as  other  glycoprotein  hormones,  work  has  extended  to  studies  of 
these  agents,  their  target  tissues,  their  mechanism  of  action,  and  their 
interrelationships.   In  this  regard,  relationships  between  digestive  diseases 
(cholera) ,  thyroid  metabolic  diseases  (primarily  hypothyroidism,  hyperthy- 
roidism, thyroid  storm,  Hashimoto's  disease),  and  neuronal  diseases  (tetanus) 
are  being  explored. 

Current  efforts  toward  diagnostic  and  therapeutic  applications  center  on  the 
synthesis  and  development  of  small  peptides  which  can  effect  hormonal  func- 
tions;  the  development  of  monoclonal  antibodies  to  measure  thyroid-stimulat- 
ing or  thyroid-blocking  antibodies  in  primary  hyperthyroidism;   and  the  eval- 
uation of  receptor  factors  which  can  enhance  the  antiviral  protective  effect 
of  interferon  10-  to  100-fold. 

Major  Findings: 

I.   Definition  of  the  Structure  and  Function  of  the  Thyrotropin  (TSH)  Receptor. 

The  TSH  receptor  appears  to  be  composed  of  both  a  glycoprotein  and  a  ganglio- 
side.   Evidence  for  the  existence  of  a  glycoprotein  component  includes  the 
ability  of  trypsin  to  release  a  fragment  of  this  component  from  target  cells 
with  attendant  losses  in  adenylate  cyclase  stimulation  or  alterations  in 
electrochemical  ion  gradients.   Evidence  also  includes  (i)  isolation  after 
solubilization;   (ii)  reconstitution  of  binding  functions  in  liposomes;   (iii) 
reconstitution  of  the  ability  to  modulate  lipid  organization  in  liposomes; 
and  (iv)  identification  using  a  monoclonal  antibody  to  TSH  receptor.   Evidence 
for  the  role  of  gangliosides  includes  the  demonstration  of  ligand-ganglioside 
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interactions;   specificity  in  these  interactions;   the  presence  of  ganglio- 
sides  in  biologically  active  systems  but  their  absence  in  biologically 
inactive  systems  which  can  even  have  a  normal  glycoprotein  component.   The 
glycoprotein  is  believed  to  be  a  high  affinity  primary  binding  component 
which  is  able  to  distinguish  between  TSH  and  nonrelated  polypeptide  hormones. 
The  ganglioside  is  believed  to  carry  out  the  following  functions:   (1)  Com- 
plete specificity  by  distinguishing  among  glycoprotein  hormones  and  related 
ligands  such  as  tetanus  toxin,  cholera  toxin,  and  interferon.   (2)  Modulate 
the  apparent  affinity  and  capacity  of  the  glycoprotein  receptor  component. 
(3)  Induce  a  conformational  change  in  the  hormone  believed  necessary  for 
subsequent  message  transmission.   (4)  Form  an  anhydrous  complex  between  the 
hormone  and  the  lipid  bilayer  of  the  membrane.   (5)  Allow  the  ligand  to 
perturb  the  phospholipid  bilayer  through  alterations  in  lipid  order.   (6) 
Alter  the  ion  flux  across  the  membrane.   In  a  sense,  therefore,  the  model 
proposes  that  the  glycoprotein  receptor  component  is  high  affinity  "fly 
paper"  attaching  the  hormone  to  the  cell  surface,  whereas  the  ganglioside 
acts  as  an  emulsifying  agent  which  allows  the  hormone  to  interact  with  other 
membrane  components  in  the  lipid  bilayer. 

In  this  year  the  following  studies  have  been  accomplished  to  extend  or  modify 
the  model. 

(1)  Using  hybridoma  techniques,  monoclonal  antibodies  have  been  developed 
against  the  glycoprotein  component  of  the  human  and  bovine  TSH  receptor.   Of 
6  such  antibodies  described,  4  are  blocking  antibodies  which  inhibit  TSH 
binding  but  are  not  thyroid  stimulators.   Two  antibodies  are  stimulators  with 
no  significant  ability  to  inhibit  TSH  binding. 

(2)  The  antibody  has  been  used  to  define  the  TSH  receptor  as  a  30,000  ±  4,000 
molecular  weight  glycoprotein  component  on  SDS  gels,  and  preliminary  isolation 
of  its  message  has  been  accomplished. 

(3)  The  TSH  receptor  of  human,  rat,  and  bovine  thyroid  can  be  distinguished. 
The  antibody  shows  that  the  glycoprotein  receptor  component  has  structural 
determinants  (carbohydrate)  related  to  gangliosides. 

(4)  The  tryptophan  residue  in  cholera  toxin  binding  sites  has  been  linked  to 
toxin  structure  as  well  as  to  its  binding  activity;   tryptophan  residues  in 
the  a   subunit  have  been  shown  to  be  critical  to  ADP  ribosyltransf erase  activ- 
ity and,  in  turn,  to  pathological  action.   It  is  established  that  the  ganglio- 
side also  forms  an  anhydrous  complex  with  cholera  toxin;   that  similar  physi- 
cochemical  interactions  exist  in  the  toxin-ganglioside  and  hormone-ganglioside 
adduct;   and  that  the  anhydrous  interface  in  adduct  complexes  appears  key  to 
internalizing  toxin  or  hormone  into  the  lipid  bilayer  where  it  can  interact 
with  membrane  components. 

(5)  TSH  has  been  shown  to  stimulate  an  ADP  ribosyltransf erase  enzyme  in 
bovine,  human,  and  rat  thyroid  membranes.   The  ADP  ribosylation  action  has 
been  shown  to  be  critical  to  adenylate  cyclase  stimulation,  receptor  down 
regulation,  stability  of  cyclase  stimulus,  and  interferon  activity. 
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(6)  Carboxylfluorescein-loaded  liposomes  containing  TSH  receptor  components 
have  been  shown  to  be  responsive  to  TSH  and  to  antibodies,  monoclonal  and 
autoimmune,  related  to  the  TSH  receptor  and  Graves'  disease. 

(7)  Crosslinking  studies  of  insulin  receptor  have  been  adapted  to  TSH  recep- 
tors, confirming  identification  of  the  receptor  by  monoclonal  antibody 
approach. 

(8)  In  the  TSH  system,  it  has  been  shown  that  low  salt,  low  pH  binding  condi- 
tions recognize  the  same  glycoprotein  receptor  component  as  more  physiologic 
conditions;   the  latter  do  not  measure  ganglioside-TSH  interaction. 

II.   Definition  of  the  Structure  and  Function  of  the  Tetanus  Toxin  Receptor. 

Tetanus  toxin  has  been  shown  to  interact  with  thyroid  plasma  membranes.   The 
properties  of  this  interaction  closely  resemble  the  properties  of  the  TSH 
interaction  with  TSH  receptors  on  these  membranes;   the  interaction  of  tetanus 
toxin  with  thyroid  membranes  exhibit  several  characteristics  of  its  inter- 
action with  neural  tissue;   tetanus  toxin  does  not  bind  to  membranes  of  a 
thyroid  tumor  with  a  TSH  receptor  defect;   and  tetanus  toxin  stimulates  thy- 
roid hyper function  in  mice  subjected  to  conditions  known  to  precipitate 
thyroid  storm.   These  results  predicted  the  tetanus  receptor  would  be  simi- 
larly structured  to  the  TSH  receptor  and  that  tetanus  toxin  and  TSH  might 
have  common  functional  elements  in  message  transmission.   Tetanus  toxin 
internalization  in  neural  cells  offers  a  unique  model  to  study  hormone-toxin 
interactions  since  receptor-mediated  internalization  and  receptor-induced 
activity  occur  at  very  different  morphological  locations  of  the  cell.   Results 
this  year  show  the  following: 

(1)  Tetanus  toxin  interacts  with  a  surface  receptor  on  the  cell  in  an  energy- 
independent  manner.   It  is  then  sequestered  in  a  membrane  compartment  (also 
by  an  energy-independent  step  measurable  at  0-4°C)  which  is  associated  with 
neuroskeletal  elements  of  the  cell.   Internalization  requires  energy  and 
results  in  a  toxin  adduct  with  a  cell  component  which  is  neuraminidase- 
insensitive  despite  the  near  complete  neuraminidase  sensitivity  of  the  initial 
receptor  binding  process.   The  formation  of  this  neuraminidase-insensitive 
toxin  adduct  in  the  internalization  process  is  associated  with  a  specific 
ganglioside  change  in  Gxib>  the  ganglioside  already  known  to  be  the  best 
inhibitor  of  tetanus  neurotoxicity. 

(2)  Gangliosides  have  been  identified  as  the  potential  shuttle  vehicle  between 
receptor  and  internalization  based  on  correlations  with  salt-sensitive  rever- 
sal of  sequestration  and  correlation  with  changes  in  lipid-bound  sialic  acid 
during  development  of  cells  in  culture. 

(3)  Binding  constants  of  toxin  binding  to  neural  tissue  has  been  quantitated 
and  compared  to  that  of  toxin  fragments  and  related  to  specific  areas  of  the 
brain. 
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III.  Structure-Function  of  Interferon  Receptors. 

We  have  postulated  a  relation  between  interferon  and  TSH  receptor  interactions 
with  cells.   This  has  been  tested  in  thyroid  cells  with  functioning  and  non- 
functioning receptors.   Data  indicate  the  following: 

(1)  Rat  thyroid  cells  with  functioning  TSH  receptors  are  1,000-fold  more  3en- 
sitive  to  mouse  interferon  than  rat  thyroid  cells  without  functional  TSH 
receptors  and  10-fold  more  sensitive  than  the  most  responsive  (to  interferon) 
mouse  cells. 

(2)  Interferon  causes  effects  on  iodide  uptake  by  thyroid  cells,  causes  ADP 
ribosylation  changes,  and  increases  2',5'-oligo  A  synthetase  activity. 
Thyroid  cells  with  functional  TSH  receptors  are  different  (10-  to  1,000-fold 
more  responsive)  by  comparison  to  those  without  the  hormone  receptor  expressed. 

(3)  Monoclonal  antibodies  to  the  bovine  TSH  receptor  glycoprotein  component 
react  with  mouse  L  cells  and  can  block  interferon  bioaction. 

IV.  Thyroglobulin  (Tg)  Interactions  with  Thyroid  Membranes. 

Thyroglobulin-membrane  interactions  have  been  suggested  to  be  important  in 
biosynthesis  and  biodegradation  of  Tg  to  thyroid  hormones  and  important  in 
the  feedback  regulation  of  the  TSH  receptor. 

(1)  A  receptor  recognizing  N-acetylglucosamine  determinants  on  Tg  also  recog- 
nizes tyrosine  determinants.   It  is  associated  with  biosynthesis  and  iodination. 

(2)  For  the  first  time,  in  vitro  creation  of  27  Tg  can  be  readily  accomplished. 
This  involves  formation  of  asialoagalacto  Tg  and  relates  to  high  iodine  state 
of  a  Tg  molecule.   A  27S  receptor  site  has  been  defined  and  preliminarily 
linked  to  27S  interactions  with  coated  pits. 

(3)  A  mannose  PO4  receptor  potentially  related  to  Tg  targeting  to  lysosomes 
has  been  postulated.   Tg  has  been  shown  to  have  mannose  PO4  residues  in  an 
analogous  diester  structure,  mannose-P04-GlcNAc  defined  recently  by  the 
Kornfeld  and  Hanslick  groups. 

Significance  to  Biomedical  Research  and  the  Progress  of  the  Institute: 

As  outlined  in  the  "Objectives"  section,  the  work  is  directly  applicable  to 
the  pathophysiology  of  Graves'  disease  and  the  mechanism  of  action  of  cholera 
and  tetanus  toxin.   In  regard  to  medicinal  chemistry,  relationships  have  been 
defined  which  hold  new  opportunities  for  the  development  of  peptide  analogs 
which  will  mimic  the  action  of  effectors  regulating  body  functions  (glycopro- 
tein hormones)  and  blocking  viral  infestation  of  the  cell  (interferon).   The 
development  of  agents  to  enhance  or  mimic  interferon  activity  has  been  ini- 
tiated.  These  agents  may  be  important  in  preventing  or  reversing  autoimmune 
diseases  or  the  oncogenic  state.   A  primary  thyroid  lesion  has  been  defined 
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in  autoimmune  thyroid  disease.   Monoclonal  antibodies  and  a  new  solid  phase 
receptor  assay  have  been  defined  which  may  serve  as  a  clinical  assay  of 
primary  receptor  abnormalities  in  hyperthyroid  or  hypothyroid  states. 

Proposed  Course; 

The  structure  of  glycoprotein  hormone  receptors  and  the  mechanism  of  action 
of  glycoprotein  hormones  will  continue  to  be  further  clarified.   The  basis 
for  hormone-  and  toxin-directed  transport  in  mammalian  cells  will  be  further 
defined,  and  studies  on  thyroid  cell  transport  will  be  continued.   The  mecha- 
nism of  interferon  interaction  with  cell  membranes  will  be  further  defined  as 
will  the  relationship  of  the  glycoprotein  hormones  to  the  following  bacterial 
toxins:   cholera  toxin,  botulinus  toxin,  tetanus  toxin,  and  various  entero- 
toxins  produced  by  gram-negative  bacteria.   The  relationships  and  implica- 
tions to  Graves'  disease,  exophthalmos,  thyroid  storm,  tetanus,  cholera, 
botulism,  etc.,  will  be  pursued. 
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Project  Description: 
Objectives: 

(1)  Host  Versus  the  Proliferating  Cell.   The  proliferating  cell  is  viewed  not 
only  as  a  primitive,  de-differentiated  cell,  but  also  as  alien  to  the  host's 
body  because  of  the  fetal  antigen  on  the  cell  surface  modifying  the  trans- 
plantation antigen  (altered  self). 

(2)  Cancer  Cells.   We  have  reported  previously  that  neopentyl-chloroethyl- 
nitrosourea  (NCNU)  given  to  CDFi  (Balb/c  x  AL/n)  eliminated  implanted  L1210, 
P388,  YPC-1,  and  YLL  tumors  days  after  the  decomposition  of  the  drug.   The 
involvement  of  the  immune  system  is  demonstrated  by  the  finding  that  mice 
"cured"  with  these  drugs  will  not  take  up  the  tumor.   It  is  the  immune  system 
which  kills  tumor  cells.   The  analysis  of  this  situation  revealed  [see  Hunyadi, 
J.,  Szeged,  G. ,  Szabo,  T. ,  Ahmed,  A.,  and  Laki,  K.  (1981)  Cancer  Res.  41: 
1677-1681]  that  upon  addition  of  the  drug  to  the  mice,  killer  lymphocytes  are 
generated  which  specifically  kill  the  drug-treated  tumor  cells.   The  indirect 
cancerostatic  action  of  nitrosoureas  can  be  correlated  to  the  carbamoylation 

of  the  active  site  of  transglutaminase.   The  carbamoylation  is  more  pro- 
nounced with  nitrosourea,  of  which  the  alkylisocyanate  moiety  fits  the  active 
site  of  transglutaminase.   The  isomer  of  NCNU  where  the  alkyl  chain  has  a 
branching  next  to  the  nitrogen  is  totally  inactive  in  curing  the  mice. 

Proliferating  cancer  cells  in  the  host  are  not  only  primitive  (as  shown  by 
the  presence  of  fetal  antigens  on  the  surface)  but  also  are  "strangers" 
because  of  the  fetal  antigens  modifying  the  transplantation  antigens  into 
"altered  self"  and  should  be  attacked  by  T-lymphocytes.   The  explanation  is 
advanced  that  a  "cover-up"  process  protects  them  from  the  host's  cellular 
immune  system.   [Cancer  cells  are  able  to  cover-up  their  "strangeness"  and 
"vulnerability"  from  T-lymphocytes  with  the  use  of  transglutaminase  (Factor 
XIII  in  blood  plasma) . ] 

In  the  proposition  we  are  developing,  the  "self"  modified  by  fetal  antigens 
is  a  substrate  of  transglutaminase.  One  constituent  of  the  altered  self  is 
B-2-microglobulin  (e-2-m).  We  now  find  that  l3-2-m  is  a  substrate  of  trans- 
glutaminase [see  Fesus,  L. ,  Falus,  A.,  Erdei,  A.,  and  Laki,  K.  (1981)  J. 
Cell  Biol.  ,  in  press].  As  could  be  expected  from  our  earlier  findings, 
Strominger  and  coworkers  now  find  that  the  human  transplantation  antigen  is 
also  a  substrate  of  transglutaminase. 

Our  experience  is  summarized  with  the  proposition  that  cancer  cells  are  able 
to  cover-up  their  "strangeness"  and  "vulnerability"  from  T-lymphocytes  with 
the  use  of  transglutaminase  (Factor  XIII  in  blood  plasma) . 

Our  recent  experiments  show  that  human  tumor  cells  incubated  in  vitro  with 
NCNU  expose  their  antigenicity  (altered  self  unmasked)  as  revealed  in  skin 
tests  and  in  the  lymphocyte  migration  inhibition  tests.   Incubation  with  the 
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drug  does  not  kill  the  cells.   There  is  a  temporary  loss  of  some  of  the 
surface  markers,  but  this  is  recovered  in  a  few  hours. 

(3)  The  Proliferating  Cells  of  the  Conceptus.  We  reported  earlier  that  the 
conceptus  taken  out  from  the  tuba  of  pregnant  mice  treated  with  NCNU  4  hours 
earlier,  readily  develops  in  tissue  culture  to  the  morula  or  blastocyst 
stage,  while  if  left  in  the  animal  it  would  have  been  destroyed.   This  again 
indicates  that  it  is  not  the  drug  which  kills  the  conceptus,  but  the  immune 
system.   This  has  been  experimentally  demonstrated  on  pregnant  mice  by  Drs. 
A.  Mukherjee  and  A.  K.  Agrawal.   That  Factor  XIII  is  involved  also  in  human 
pregnancy  is  shown  by  the  finding  that  when  transglutaminase  activity  of  the 
amniotic  fluid  is  low,  newborn  babies  experience  adaptation  difficulties. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

It  is  recommended  that  Factor  XIII  determinations  be  carried  out  during 
pregnancy  to  assure  that  the  concentration  of  Factor  XIII  does  not  fall  below 
the  normal  level. 

Publications: 

Kertesz,  J.  C. ,  and  Laki,  K. :   Effect  of  neutral  salts  and  methylglyoxal  on 
the  cis-trans  equilibrium  of  N-methylacetamide.   A  13-carbon  nuclear  magnetic 
resonance  study.   Int.  J.  Quantum  Chem.  Sym.  7:  75-81,  1980. 

Mukherjee,  A.  B. ,  Laki,  K. ,  and  Agrawal,  A.  K. :   Possible  mechanism  of 
success  of  an  allotransplantation  in  nature:   mammalian  pregnancy. 
Medical  Hypotheses  6:  1043-1055,  1980. 

Fesus,  L. ,  Falus,  A.,  Erdei,  A.,  and  Laki,  K. :   Human  S2-inicroglobulin  is. a 
substrate  of  tissue  transglutaminase:   polymerization  in  soluble  phase  and 
on  the  cell  surface.   J.  Cell  Biol. ,  in  press. 

Fesus,  L. ,  Muszbek,  L. ,  and  Laki,  K. :   The  effect  of  methylglyoxal  on  actin. 
Biochem.  Biophys.  Res.  Commun.  99:  617-622,  1981. 

Hunyadi,  J.,  Szeged,  C,  Szabo,  T.  ,  Ahmed,  A.,  and  Laki,  K.  :   Increased 
cytotoxic  sensitivity  of  YPC-1  tumor  cells  from  mice  treated  with  nitroso- 
ureas.  Cancer  Res.  41:  1677-1681,  1981. 

Honors: 

Dr.  Koloman  Laki  was  reappointed  Senior  Research  Professor  (Honorary) , 
Department  of  Chemistry,  American  University,  Washington,  D.C. 

Dr.  Laki  was  appointed  a  Member  of  the  Editorial  Board  of  the  Journal  of 
Biological  Physics. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  Studies  with  macrophage  cell  lines  we  have  selected  and  characterized  mutants 
that  do  not  show  generalized  phagocytosis.   We  have  also  studied  phagocytosis  of 
Salmonellae  differing  in  pathogenicity  for  mice  solely  because  of  a  difference 
in  lipopolysaccharide  (LPS)  side  chains,  and  shown  that  macrophage  phagocytose 
them  at  a  rate  inversely  proportional  to  pathogenicity  by  a  complement-requiring 
mechanism. 

In  studies  with  gram-negative  outer  membrane ,  we  have  shown  that  in  several 
different  gram-negative  species  and  strains,  LPS  from  a  given  strain  contains 
from  0  to  more  than  40  difference  side-chain  lengths.   In  addition  some 
Escherichia  coll  contain  a  long  polysaccharide  with  the  composition  of  LPS 
side  chain  but  not  attached  to  lipid  A,  loosely  attached  to  the  cell  surface, 
that  probably  accounts  for  false  capsule  responses.   Many  techniques  that 
release  LPS  or  "endotoxin"  from  the  cell  release  copurifying  proteins.   We 
have  now  shown  these  to  be  outer  membrane  proteins  and  have  quantitated 
several  by  antibody  crossreactlvity. 
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Project  Description: 

Membrane  Studies  of  Macrophages  and  of  Esdhevich-Ja  coZ-J. 

Phagocytosis  in  Macrophages.   We  have  selected  mutants  of  a  macrophage  cell 
line  that  do  not  show  generalized  phagocytosis  by  adding  beads  coupled  to 
toxic  molecules  and  selecting  survivors.   Nine  separate  isolates  proved 
deficient  in  ability  to  take  up  labeled  polystyrene  beads  and  thus  represent 
phagocytosis-deficient  lines.   Most  of  these  are  normal  in  receptor-mediated 
phagocytosis,  e.g.,  binding  and  uptake  via  Fc  receptors,  thus  showing  the 
separation  of  the  biochemical  pathways  for  these  two  phenomena.   These  mutants 
will  be  used  to  determine  and  study  steps  in  generalized  phagocytosis. 

Derivatives  of  S_^  typhimurium  differing  only  in  their  lipopolysaccharide  side 
chain  composition  were  shown  by  Dr.  Makela  to  vary  500-fold  in  their  lethal- 
ity for  mice.   We  now  show  that  mouse  macrophage  cell  lines  phagocytose  these 
organisms  at  a  rate  inversely  proportional  to  pathogenicity.   The  differences 
in  rates  reflect  differences  in  affinity  of  the  bacteria  for  the  macrophages 
and  not  in  the  rate  of  ingestion  once  interaction  has  occurred.   Complement 
is  required  for  the  reaction,  but  specific  antibody  is  not.   We  postulate 
that  relative  pathogenicity  in  vivo  may  reflect  the  relative  ability  of  the 
polysaccharide  of  bacterial  lipopolysaccharide  to  activate  complement,  thus 
determining  the  susceptibility  of  the  bacteria  to  ingestion  via  the  C3b 
receptor  of  phagocytic  cells.   These  studies  are  being  done  in  collaboration 
with  Dr.  P.  Helena  Makela  (Central  Public  Health  Laboratory,  Helsinki, 
Finland) . 

The  Outer  Membrane  of  g.  coli.      The  outer  membrane  of  gram-negative  bacteria 
excludes  hydrophobic  molecules  such  as  antibiotics  and  detergents  but  admits 
hydrophilic  molecules  via  pores.   We  have  been  studying  the  composition, 
arrangement,  and  properties  of  its  lipopolysaccharide  and  proteins. 

LPS  of  a  given  ^  coli  strain  was  thought  to  contain  only  1  to  4  lengths  of 
polysaccharide.  We  have  now  demonstrated  20  to  45  different  lengths  of  LPS 
in  each  of  various  strains  of  ^  coli  and  ^  typhimurium.  Each  consecutive 
band  on  sodium  dodecylsulf ate  gel  electrophoresis  represents  addition  of  one 
more  repeating  pentasaccharide  side  chain  unit  to  the  lipid-core  region,  as 
shown  by  the  ratio  of  radioactivity  in  side  chains  to  radioactivity  in  core 
plus  lipid. 

Several  medically  important  strains  of  ^  coli  were  reported  to  show  antibody 
reactivity  diagnostic  for  capsule,  but  no  capsule  was  detected  chemically. 
We  now  find  that  one  such  strain  contains  a  polysaccharide  identical  to  that 
in  LPS  but  not  attached  to  lipid.   It  averages  350,000  daltons ,  is  loosely 
attached  to  the  outside  of  the  cell,  and  is  responsible  for  the  false  capsule 
reaction. 

LPS  extracted  from  bacteria  by  several  means  (including  two  we  originated: 
aqueous  butanol  and  EDTA)  is  tightly  associated  with  a  small  amount  of 
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protein.   Interest  in  this  protein  increased  when  other  laboratories  found  it 
had  several  effects  on  mammals — for  instance,  it  is  mitogenic  for  lympho- 
cytes.  We  now  show  that  virtually  all  the  bound  material  is  outer  membrane 
protein  and  have  defined  the  percentages  of  three  known  proteins  [porin(s), 
ompA  product,  and  lipoprotein]  in  each  type  of  preparation,  using  sodium 
dodecylsulfate  gel  electrophoresis  and  immunological  crossreactivity . 

Porin  proteins  form  pores  admitting  molecules  of  up  to  about  500  daltons,  but 
only  if  such  molecules  are  hydrophilic.   We  now  find  that  a  different  protein, 
the  ompA  product,  helps  exclude  hydrophobic  molecules.   Thus,  tetracycline 
enters  via  the  pores  in  the  wild  type,  but  hydrophobic  derivatives  of  tetra- 
cycline do  not,  and  thus  cannot  kill  wild  type  cells;   however,  mutants 
lacking  ompA  product  are  killed.   Control  experiments  suggest  that  entry  is 
via  the  pores  and  not  via  partition  into  the  membrane,  as  is  the  mechanism  in 
mutants  altered  in  LPS.   We  are  currently  measuring  passage  across  the  outer 
membrane  directly  in  these  strains  by  measuring  hydrolysis  by  periplasmic 
penicillinase  of  cephalosporins  differing  in  hydrophobicity.   These  studies 
are  being  done  in  collaboration  with  Dr.  J.  D.  Foulds  (LBM,  NIADDK) . 

Publications : 

Leive,  L.  L. ,  and  Davis,  B.  D. :   Cell  envelope;   spores.   In  Davis,  B.  D., 
Dulbecco,  R. ,  Eisen,  H.  N. ,  and  Ginsberg,  H.  S.  (Eds.):   Microbiology, 
3rd  ed.   Hagerstown,  Maryland,  Harper  and  Row,  1980,  pp.  71-110. 

Goldman,  R.  C. ,  and  Leive,  L. :   Heterogeneity  of  antigenic-side-chain  length 
in  lipopolysaccharide  from  Escherichia  coli  0111  and  Salmonella  typhimurium 
LT2.   Eur.  J.  Biochem.  107:  145-153,  1980. 

Goldman,  T.  C. ,  and  Tipper,  D.  J.:   Coat  protein  synthesis  during  sporulation 
of  Bacillus  subtilis:   immunological  detection  of  soluble  precursors  to  the 
12,200  dalton  spore  coat  protein.   J.  Bacterid.  ,  in  press. 

Goldman,  R.  C. ,  and  Tipper,  D.  J.:   Synthesis  of  putative  spore  coat  precur- 
sors in  Bacillus  subtilis.   In  Levinson,  L. ,  Sonenshein,  A. ,  and  Tipper,  D. 
J.  (Eds.):   Sporulation  and  Germination.   Washington,  D.C.,  American  Society 
for  Microbiology,  in  press. 

Goldman,  R.  C. ,  White,  D. ,  and  Leive,  L. :   Identification  of  outer  membrane 
proteins,  including  known  lymphocyte  mitogens,  as  the  endotoxin  protein  of 
Escherichia  coli  0111.   J.  Immunol. ,  in  press. 

Honors  (L.  Leive) : 

Member,  Metabolic  Biology  Panel,  National  Science  Foundation,  1979-1982. 

Member,  Nominating  Committee,  American  Society  of  Biological  Chemists,  1981- 
1982. 

Invited  Symposium  Organizer  and  Speaker,  Annual  Meeting  of  the  American 
Society  for  Microbiology,  1981. 
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The   effect   of    sodium  chloride  on  longevity  is   a  long-term  study,    and   results 
will  be  forthcoming. 
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Project  Description 

Objectives: 
To  investigate  the  effects  of  sodium  chloride  in  the  diet  on  longevity. 

Methods  Employed: 
Mice  were  fed  diets  into  which  0,5%  to  4.5%  sodium  chloride  were  incorporated. 

Major  Findings: 

The  project  on  the  effect  of  sodium  chloride  levels  in  the  diet  upon  lon- 
gevity of  mice  has  been  completed.   This  has  been  a  three-year  study  with 
four  groups  of  mice  (50  each)  fed  levels  of  sodium  chloride  from  0.5%  to 
4.5%,  from  1  month  of  age  until  death.   The  average  longevity  of  mice  was  not 
altered  by  high  levels  of  sodium  chloride,  indicating  the  absence  of  harmful 
effects.   The  only  consistent  difference  was  a  slightly  lower  average  weight 
attained  in  the  group  with  4.5%  sodium  chloride.   Since  the  strain  of  mice 
(Aij)  was  not  genetically  hypertensive,  it  may  be  concluded  that  in  normal 
mice  these  levels  of  sodium  chloride  are  not  harmful.   No  significant  differ- 
ences in  gross  autopsies  were  observed.   (This  study  is  being  prepared  for 
publication) . 

Proposed  Course; 

To  determine  the  effect  of  expansion  of  the  extracellular  fluid  volume  on  the 
microcirculation  and  longevity. 

Publications: 

Rosenthal,  S.  M. :   Physiological  changes  with  age  in  the  microcirculation  and 
lymphatics.   In  Masoro,  E.  J.  (Ed.):   CRC  Handbook  of  Physiology  and  Aging. 
Cleveland,  Ohio,  The  Chemical  Rubber  Co. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  structure,  function,  and  subunit  interaction  in  the  a232  multienzyme  complex 
of  tryptophan  synthase  are  being  investigated.   Since  the  a  subunit  can  be  cleaved 
by  limited  proteolysis  to  yield  an  a'  derivative  composed  of  2  fragments,  a-1  and 
a-2,  which  can  be  separated  and  shown  to  refold  independently,  these  proteolytic 
fragments  correspond  to  independent  domains.   The  relationship  between  the  domain 
structuTe  of  the  a  subunit  and  the  mechanism  of  guanidine  hydrochloride-induced 
unfolding  of  the  a  subunit  has  been  investigated  using  circular  dichroism  and 
chemical  modification  studies.   A  partially  unfolded  intermediate  has  been  charac- 


terized and  shown  to  have  the  domain  corresponding  to  the  a-2  fragment  unfolded 
and  the  domain  corresponding  to  the  a-1  fragment  folded.   The  arrangement  of  the 
subunits,  domains,  and  active  sites  in  the  a262  complex  is  being  investigated  by 
chemical  modification  and  crosslinking  experiments.   The  stereochemistry  of  sodium 
borohydride  reduction  of  Schiff  bases  of  the  coenz3mie,  pyridoxal  phosphate,  with 
substrates  at  the  active  site  of  the  B2  subunit  and  with  an  active  site  lysyl 
residue,  is  being  determined  and  compared. 
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Project  Description: 

Objectives; 

Work  in  our  laboratory  is  aimed  at  elucidating  the  structure,  function,  and 
subunit  interaction  in  the  Escherichia  coli  tryptophan  synthase  a2  32  complex. 
This  complex  is  a  simple  model  of  more  complicated  multienzyme  complexes. 
Specific  goals  are  the  determination  of  how  the  a  and  3  subunits  are  arranged 
in  the  complex,  how  the  active  sites  of  the  a.   and  B  subunits  are  arranged  to 
form  a  composite  active  site,  and  how  subunit  interaction  changes  the  rates 
and  specificities  of  the  reactions  catalyzed  at  the  active  site  of  each 
subunit. 

One  specific  advantage  of  this  system  for  achieving  these  goals  is  the  pres- 
ence of  a  chromophoric  cofactor  at  the  active  site  of  the  B  subunit.   Since 
the  pyridoxal  phosphate  cofactor  forms  complexes  with  substrates  and  inter- 
mediates, it  is  a  useful  probe  of  enzyme  mechanism  and  stereochemistry.   The 
chromophoric  cofactor  also  serves  as  an  environmental  probe  and  is  sensitive 
to  changes  in  conformation  and  to  subunit  interaction. 

Tryptophan  synthase  is  also  a  good  system  for  achieving  our  goals  since  its 
genetics  and  sequence  have  been  well  worked  out;   a  number  of  mutants  with 
altered  properties  are  available  for  study.   In  addition,  recent  limited 
proteolysis  studies  in  our  laboratory  and  at  the  Pasteur  Institute,  Paris, 
have  resulted  in  separating  the  a  and  3  subunits,  respectively,  into  proteo- 
lytic fragments  corresponding  to  autonomous  domains.   The  availability  of  the 
proteolytic  fragments  of  the  a  subunit  makes  it  possible  to  investigate  the 
relationship  between  the  domain  structure  of  the  a   subunit  and  the  mechanism 
of  guanidine  hydrochloride-induced  unfolding  of  the  a-  subunit  and  to  charac- 
terize an  unfolding  intermediate.   We  also  want  to  determine  how  the  domains 
in  the  a  and  3  subunits  are  arranged  in  the  a2B2  complex  and  the  relationship 
between  the  active  sites,  domain  interaction  sites,  and  subunit  interaction 
sites. 

Methods  Employed; 

Crystalline  a  and  32  subunits  and  a232  complex  of  tryptophan  synthase  are 
prepared  and  assayed  by  methods  previously  developed  in  this  laboratory. 
Proteolytic  fragments  corresponding  to  autonomous  domains  are  prepared. 
Absorbance  spectra  and  difference  absorbance  spectra  are  made  with  a  Gary  118 
spectrophotometer.   Circular  dichroism  and  fluorescence  spectra  are  also 
made.   Chemical  modification  studies  are  carried  out  using  N-ethylmaleimide, 
5, 5'-dithiobis-(2-nitrobenzoic  acid),  2-nitro-5-thiocyanobenzoic  acid,  ace- 
tylimidazole,  and  formaldehyde  plus  sodium  cyanoborohydride.   Modified  sub- 
units  are  separated  into  their  domains  by  gel  filtration.   Labeled  residues 
are  identified  after  proteolytic  digestion  of  modified  subunits  or  domains 
peptides  by  gel  filtration,  ion  exchange  chromatography,  paper  chromatography 
and  electrophoresis,  thin-layer  chromatography  and  electrophoresis,  and  disc 
gel  electrophoresis.   Amino  acid  analysis  and  sequence  analysis  of  labeled 
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peptides  is  carried  out.  Enzyme-substrate  intermediates  with  [^Hjpyridoxal 
phosphate  bound  to  the  a2g2  complex  are  reduced  with  NaBH4  and  isolated  for 
stereochemical  analysis. 

Major  Findings; 

Characterization  of  a  Partially  Unfolded  Form  of  the  a  Subunit  —  The  rela- 
tionship between  the  domain  structure  of  the  a  subunit  of  tryptophan  synthase 
of  Escherichia  coli  and  the  mechanism  of  guanidine  hydrochloride-induced 
unfolding  is  investigated  by  comparing  the  effects  of  this  denaturant  on  the 
a  subunit,  on  a  derivative  nicked  by  trypsin  (a'),  and  on  the  2  proteolytic 
fragments,  a-1  and  a-2,  which  correspond  to  independently  folding  domains  of 
the  a  subunit.   Circular  dichroism  studies  show  that  the  a   subunit  partially 
unfolds  in  1  M  guanidine  hydrochloride  and  exists  as  a  stable  unfolding 
intermediate  under  these  conditions.   Analogous  circular  dichroism  studies 
show  that  the  a-2  fragment  unfolds  at  guanidine  hydrochloride  concentrations 
below  1  M,  whereas  the  a-1  fragment  only  unfolds  at  guanidine  hydrochloride 
concentrations  above  1  M.   Studies  of  chemical  modification  of  sulfhydryl  and 
tyrosyl  residues  in  a,  a',  and  a-1  show  that  the  a-1  fragment  has  3  sulf- 
hydryl and  3-4  tyrosyl  residues  accessible  to  modification  in  either  0  M  or 
1  M  guanidine  hydrochloride  and  that  the  same  numbers  of  residues  are  also 
accessible  in  the  stable  a  unfolding  intermediate  in  1  M  guanidine  hydro- 
chloride.  Three  additional  tyrosyl  residues  in  both  the  a  intermediate  and 
the  a-1  fragment  become  accessible  as  the  denaturant  concentration  is  in- 
creased from  1  M  to  3  M.   The  results  support  the  conclusion  that  in  the 
partially  unfolded  a  intermediate,  the  domain  corresponding  to  the  a-2  frag- 
ment is  unfolded,  whereas  the  domain  corresponding  to  the  a-1  fragment 
remains  folded.   We  have  thus  characterized  an  unfolding  intermediate  and 
shown  it  to  differ  from  the  few  other  such  unfolding  intermediates  which  have 
been  studied;   the  previously  studied  intermediates  were  shown  to  undergo 
separation  of  domains  without  unfolding  of  the  separate  domains.   We  have 
also  shown  that  certain  sulfhydryl  and  tyrosyl  residues  important  for  enzy- 
matic activity  become  accessible  to  modification  during  the  first  unfolding 
transition  and  may  originate  from  the  domain  interaction  site  (E.  W.  Miles, 
K.  Yutani,  and  K.  Ogasahara) . 

Differential  Chemical  Modification  of  Lysyl  Residues  in  the  a  and  32  Subunits 
and  in  the  a2  32  Complex  —  The  arrangement  of  the  a  and  3  subunits  in  the 
a232  complex  and  the  arrangement  of  the  2  domains  in  each  subunit  are  being 
investigated  by  differential  labeling  experiments.   The  most  accessible  and 
reactive  lysyl  residues  in  the  a232  complex,  in  the  a  and  32  subunits,  in  the 
derivative  of  a  nicked  by  trypsin  (a'),  in  the  derivative  of  3  nicked  by 
trypsin  (3')j  and  in  the  a-1  fragment  are  first  trace  labeled  with  [3h]HCH0 
and  NaCNBH^.   The  remaining  lysyl  residues  are  then  totally  labeled  with 
[l^ClHCHO  and  NaCNBH3  in  the  presence  of  6  M  urea.   A  comparison  of  the 
ratios  of  -^H  label  to  ■'-^C  label  in  the  isolated  subunits  and  proteolytic 
fragments  gives  information  on  which  regions  of  the  proteins  are  exposed  and 
which  are  protected.   The  individual  labeled  lysyl  residues  are  being  identi- 
fied in  peptides  obtained  by  proteolysis  by  thermolysin  followed  by  various 
peptide  separation  techniques  (E.  W.  Miles). 
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Stereospecif icity  of  the  Sodium  Borohydride  Reduction  of  Trytophan  Synthase 
and  Its  Enzyme  Substrate  Intermediate  with  L-Serine  —  Full  understanding  of 
the  mechanism  of  pyridoxal  phosphate-catalyzed  reactions  requires  knowledge 
of  the  geometry  both  of  the  pyridoxal  phosphate  Schiff  base  with  a  lysyl 
residue  at  the  active  site  (I)  and  of  the  pyridoxal  phosphate  Schiff  base 
with  the  substrate  (II).   These  geometries  can  be  determined  by  reducing  each 
of  the  Schiff  bases  I  and  II  with  sodium  borohydride,  isolating  the  reduced 
Schiff  bases,  converting  them  to  pyridoxamine,  and  determining  the  stereo- 
chemistry of  the  proton  added  at  the  C^'  position  of  pyridoxamine.   Using 
new,  improved  methods  for  replacing  the  cofactor  of  tryptophan  synthase  with 
[^Hlpyridoxal  phosphate  and  for  isolating  a  reduced  enzyme-substrate  inter- 
mediate in  high  yield,  we  have  found  that  the  reduced  Schiff  bases  I  and  II 
have  the  same  stereochemistry.   These  results  indicate  that  when  tryptophan 
synthase  binds  substrate  to  pyridoxal  phosphate,  it  does  so  stereospecif i- 
cally  and  without  changing  the  face  of  the  Schiff  base  that  is  available  for 
reduction  as  compared  to  native  enzyme  (E.  W.  Miles,  D.  Houck,  and  H.  G. 
Floss) . 

Publications: 

Miles,  E.  W. :   Tryptophan  synthase:   structure,  function,  and  interaction 
with  D-tryptophan  and  L-tryptophan.   In  Hayaishi,  0. ,  Ishimura,  Y. ,  and  Kido, 
R.  (Eds.):   Biochemical  and  Medical  Aspects  of  Tryptophan  Metabolism. 
Proceedings  of  the  Third  International  Meeting  of  the  International  Study 
Group  for  Tryptophan  Research,  Kyoto,  Japan,  August  4-7,  1980.   Amsterdam, 
The  Netherlands,  Elsevier/North-Holland  Biomedical  Press,  1980,  pp.  137-147. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  effect  of  inert  proteins  upon  the  structure  and  function  of  glyceraldehyde- 
3-phosphate  dehydrogenase  has  been  studied.   The  effect  of  inert  protein  on  the 
thermal  denaturation  and  inactivation  of  enzymes  has  been  studied.   A  simple 
interpretation  for  the  dependence  of  light  scattering  in  bovine  serum  albumin 
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Molecular  models  relating  drug  and  hormone  binding  to  response  elicitation  have 
been  formulated.   A  new  viscometric  assay  for  gelation  time  in  f ibrinogen/f ibrin 
solutions  has  been  developed,  and  the  dependence  of  gelation  time  upon  the 
concentration  of  fibrinogen,  thrombin,  and  inert  proteins  is  being  studied. 
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Project  Description: 

Objectives: 

(1)  To  explore  the  effect  of  excluded  volume  upon  the  equilibria  and  kinetics 
of  biochemical  reactions.   (2)  To  explore  the  relationship  between  the  bind- 
ing of  pharmacologically  active  ligands  (hormones,  drugs,  lectins)  to  the 
cell  surface  and  the  magnitude  of  the  biological  response  elicited  by  the 
ligand.   (3)  To  elucidate  the  mechanism  of  fibrin  gelation  via  kinetic 
measurements. 

Methods  Employed: 

Theoretical  studies  employ  methods  of  classical  and  statistical  thermodyna- 
mics, formulations  of  complex  multiple  equilibria  and  rate  processes,  computer 
techniques  for  fitting  theoretical  model  functions  to  experimental  data,  and 
computer  techniques  for  numerical  solution  of  problems  involving  multiple 
rate  processes  and  equilibria.   Experimental  techniques  employed  include 
stopped-flow  measurements  of  rate  of  change  of  UV  and  visible  absorbance, 
measurements  of  the  time  dependence  of  viscosity,  and  standard  preparative 
and  analytical  methods  in  protein  chemistry. 

Major  Findings: 

(1)  The  dependence  of  catalytic  activity  of  GAPD  upon  the  concentration  of 
GAPD  and  unrelated  "inert"  proteins  (ribonuclease  A,  3-lactoglobulin,  bovine 
serum  albumin)  have  been  measured.   The  data  are  accounted  for  semiquantita- 
tively  by  a  simple  model  containing  only  one  independently  variable  parameter. 
According  to  the  model,  GAPD  exists  as  an  equilibrium  mixture  of  monomer ic 
subunits  with  high  catalytic  activity  and  subunit  tetramers  with  approxi- 
mately 30-fold  lower  activity.   Addition  of  inert  protein  does  not  affect 
catalytic  activity  of  either  species  individually,  but  alters  the  degree  of 
self -association  and  hence  the  equilibrium  average  catalytic  activity  in 
accordance  with  relations  developed  earlier  in  this  laboratory. 

(2)  Thermal  stability  with  respect  to  denaturation  and  deactivation  of  several 
enzymes  (glyceraldehyde-3-phosphate  dehydrogenase,  alkaline  phosphatase, 
acetyl  cholinesterase)  has  been  measured  in  the  absence  and  presence  of  high 
concentrations  of  a  heat-stable  protein,  ribonuclease  A.   It  is  found  that 
high  concentrations  of  a  ribonuclease  A  substantially  increase  the  stability 
of  these  enzymes  with  respect  to  denaturation  (coagulation/precipitation), 
but  does  not  affect  the  rate  at  which  catalytic  activity  is  lost  at  elevated 
temperatures.   Our  preliminary  interpretation  of  this  finding  is  that  coagu- 
lation is  preceded  by  unfolding  of  the  native  globular  structure,  and  that 
the  unfolding  step  is  rate-limiting.   Excluded  volume  theory  developed  pre- 
viously in  this  laboratory  predicts  that  the  addition  of  heat-stable  globular 
protein  at  high  concentration  will  destabilize  the  hypothetical  unfolded 
uncoagulated  intermediate  relative  to  the  native  structure,  and  hence  raise 
the  activation  energy  for  coagulation.   Thermal  inactivation  of  an  enzyme 
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apparently  requires  no  major  tertiary/quaternary  structure  change;   excluded 
volume  effects  are  therefore  minor  or  negligible. 

(3)  Data  on  the  dependence  of  light  scattering  in  bovine  serum  albumin  solu- 
tions upon  bovine  serum  albumin  concentrations  up  to  9  g/dl  and  pH  over  the 
range  4.4-7.6  may  be  quantitatively  accounted  for  by  a  simple  model  contain- 
ing only  two  undetermined  parameters.   The  model  is  an  extension  of  the  hard 
particle  model  for  protein  solutions  previously  developed  in  this  laboratory, 
which  permits  electrostatic  repulsion  between  protein  molecules  to  be  taken 
into  account.   In  this  model  a  protein  molecule  is  represented  by  an  equi- 
valent hard  spherical  particle.   The  radius  of  the  equivalent  particle  varies 
with  the  net  charge  on  the  protein  molecule  in  a  manner  which  may  be  calculated 
from  approximate  electrostatic  theory. 

(4)  Current  molecular  models  relating  binding  of  bioactive  ligands  (drugs, 
hormone)  to  the  steady-state  magnitude  of  elicited  response  have  been  criti- 
cally reviewed.   These  models  are  based  upon  quasi-equilibrium  assumptions. 
It  has  been  found  that  if  quasi-equilibrium  assumptions  are  dropped  and 
complete  steady-state  solutions  are  obtained,  very  simple  molecular  models 
can  account  for  experimental  data  which  would  otherwise  require  interpreta- 
tion in  the  context  of  more  complex  molecular  models . 

(5)  A  rapid  and  reproducible  viscometric  assay  for  gelation  times  in  fibrino- 
gen/fibrin  solutions  has  been  developed.   This  method  is  based  upon  measure- 
ment of  the  pressure  required  to  cause  the  solution  to  pass  through  a  fixed 
orifice  at  a  fixed  rate  of  flow.   Using  the  method,  a  well-defined  delay  time 
may  be  observed  after  addition  of  thrombin  to  a  solution  of  fibrinogen, 
during  which  only  small  changes  in  viscosity  are  observed.   At  the  conclusion 
of  the  delay  time,  the  viscosity  rises  sharply  to  an  immeasurably  high  value, 
corresponding  to  gelation  of  the  solution.   The  dependence  of  the  delay  or 
gelation  time  upon  the  concentrations  of  thrombin  and  fibrinogen  has  been 
extensively  measured,  and  preliminary  measurements  have  been  made  of  the 
effect  of  inert  protein  and  temperature  upon  gelation  time.   Current  kinetic 
models  for  the  f ibrinogen-f ibrin-gel  process  are  inadequate  to  account  for 
our  data,  and  new  models  are  being  developed. 

Proposed  Course: 

Projects  (2),  (4),  and  (5)  described  in  the  preceding  section  are  continuing. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Theoretical  and  experimental  studies  of  the  behavior  of  proteins  and  other 
macromolecules  in  volume-occupied  solutions  represent  a  first  attempt  to 
ascertain  the  differences  which  are  likely  to  exist  between  biochemical  re- 
actions in  dilute  solution  (typical  experimental  conditions  in  the  labora- 
tory) and  the  same  reactions  in  physiological  media. 
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A  more  complete  description  of  the  process  by  which  soluble  fibrinogen  is 
converted  into  a  semi-solid  gel,  and  how  added  substances  affect  each  indi- 
vidual rate  process  in  the  overal  mechanism,  will  provide  a  rational  means 
for  selecting  between  classes  of  possible  blood  substitutes  on  the  basis  of 
their  expected  effect  on  clotting. 

The  development  of  new  molecular  models  relating  binding  of  bioactive  ligand 
to  target  cells  to  elicitation  of  response  by  the  bioactive  ligand  has  pro- 
vided new  and  simple  interpretations  for  experimental  data  heretofore  thought 
to  require  complex  interpretations. 

Publications : 

Minton,  A.  P.:   Excluded  volume  as  a  determinant  of  protein  structure  and 
stability.   Biophys.  J.  32:  77-79,  1980. 

Minton,  A.  P.:   Thermodynamic  nonideality  and  the  dependence  of  partition 
coefficient  upon  solute  concentration  in  exclusion  chromatography.   Appli- 
cation to  self-associating  and  non-self -associating  solutes.   Application  to 
hemoglobin.   Biophys.  Chem.  12:  271-277,  1980. 

Minton,  A.  P.:   The  bivalent  ligand  hypothesis:   a  quantitative  model  for 
hormone  action.   Mol.  Pharmacol.  19:  1-14,  1981. 

Minton,  A.  P.:   Excluded  volume  as  a  determinant  of  macromolecular  structure 
and  reactivity.   Biopolymers,  in  press. 

Minton,  A.  P. :   Steady-state  relations  between  hormone  binding  and  elicited 
response:   quantitative  mechanistic  models.   In  Kohn,  L.  D. ,  Singer,  T. , 
Palmieri,  F. ,  and  Quagliariello,  E.  (Eds.):   Receptors  -  Structure  and 
Function  in  a  Period  of  Change,  Horizons  in  Biochemistry  and  Biophysics 
Series,  Vol.  6,   New  York,  John  Wiley  and  Sons,  in  press, 

Minton,  A.  P.,  and  Wilf ,  J.:   The  effect  of  macromolecular  crowding  upon  the 
structure  and  function  of  an  enzyme:   glyceraldehyde-3-phosphate  dehydrogenase. 
Biochemistry,  in  press. 

Wilf,  J.,  and  Minton,  A.  P.:   Evidence  for  protein  self -association  induced 
by  excluded  volume:   myoglobin  in  the  presence  of  globular  proteins. 
Biochim.  Biophys.  Acta,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  are  studying  the  reactions  required  for  the  replication  of  duplex  DNA  in  vitro 
using  proteins  encoded  by  T4  bacteriophage.   The  T4^  gene  41  and  ^  gene  61  pro- 
teins synthesize  ribopentanucleotides  of  sequence  pppACNNN  which  are  elongated  by 
the  T4  gene  43  DNA  polymerase,  T4  gene  45  protein,  the  complex  of  the  T4^  gene  44 
and  T4  gene  62  proteins  (a  DNA-dependent  ATPase) ,  and  the  T4  gene  32  helix  desta- 
bilizing protein.   The  44/62  and  45  proteins  enable  the  polymerase  to  reach  and 
pass  through  hairpin  barriers  in  single-stranded  templates  and  permit  the  polym- 
erase to  bind  more  tightly  to  DNA.   32  Protein  eliminates  barriers  in  single- 
stranded  templates  and  is  required,  together  with  43,  44/62,  and  45  for  synthesis 
on  duplex  templates.   We  are  investigating  the  mechanism  of  primer  synthesis  and 
the  DNA  unwinding  (helicase)  activities  associated  with  these  T4  proteins.   We 
are  searching  for  T4  or  host  proteins  required  for  the  initiation  of  replication 
of  duplex  T4  DNA.   We  are  characterizing  a  restriction  nuclease,  controlled  by  a 
late  T4  protein,  which  cuts  duplex  DNA  at  specific  sites.   Amino  acid  sequencing 
of  the  45  and  44/62  proteins  is  in  progress. 
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Project  Description: 

Objectives; 

To  determine  the  characteristics  and  functions  of  enzymes  which  are  involved 
in  the  synthesis,  modification,  and  degradation  of  DNA. 

Major  Findings  and  Proposed  Course; 

We  are  using  the  bacteriophage  T4  DNA  replication  proteins  to  study  the  reac- 
tions required  for  the  replication  of  duplex  DNA.   We  have  chosen  this  system 
since  T4  phage  appears  to  induce  the  synthesis  of  the  enzymes  required  for 
its  own  DNA  synthesis,  rather  than  depending  on  host  proteins.   Phage-inf ected 
bacteria  can  be  grown  in  quantities  allowing  the  purification  of  sufficient 
enzymes  for  biochemical  and  physical  studies. 

T4  Proteins  Required  for  DNA  Replication.   The  replication  of  a  linear  duplex 
DNA  like  that  of  T4  is  likely  to  involve  first  the  recognition  of  one  or  more 
origins  for  the  initiation  of  the  synthesis  of  the  leading  strand,  followed 
by  elongation  of  this  leading  strand  and  the  unwinding  of  the  parental  strand 
complementary  to  the  template  for  the  leading  strand.   The  unwound  parental 
strand  in  turn  serves  as  the  template  for  the  initiation  and  elongation  of 
the  daughter  lagging  strand.   We  have  previously  shown  that  efficient  DNA 
synthesis  j^  vitro  can  be  achieved  with  a  mixture  of  seven  purified  proteins 
encoded  by  bacteriophage  T4  which  include  T4  DNA  polymerase  (gene  43  product) , 
the  gene  32  DNA  helix  destabilizing  protein,  and  the  ^ene  44/62,  45,  41,  and 
61  proteins.   ^  vivo  the  absence  of  any  one  of  the  first  six  of  these  pro- 
teins eliminates  DNA  synthesis,  while  the  absence  of  the  61  protein  results 
in  a  delay  in  DNA  synthesis.   We  are  presently  trying  to  determine  in  detail 
the  function  of  each  of  these  proteins  in  DNA  synthesis,  and  the  processes 
used  to  coordinate  their  activities. 

Leading  Strand  Synthesis.   The  origins  used  for  T4  DNA  replication  in  vivo 
have  not  yet  been  identified.   Preliminary  data  from  other  laboratories 
suggest  that  several  different  origins  may  be  involved.   In  vitro  we  have 
been  unable  to  achieve  initiation  within  a  duplex  DNA  molecule  using  any 
combination  of  the  seven  proteins  noted  above:   the  T4  topoisomerase  (gene 
39,  52  protein),  E.  coli  DNA  gyrase,  E^   coli  RNA  polymerase,  or  T4  modified 
host  RNA  polymerase.   We  are  continuing  our  search  for  the  proteins  required 
for  this  type  of  initiation. 

The  purified  T4  proteins  do  catalyze  strand  displacement  synthesis  by  addition 
of  nucleotides  to  the  3'  hydroxyl  group  at  a  nick  in  duplex  DNA,  a  reaction 
which  resembles  the  elongation  of  the  leading  strand  in  its  requirement  for 
the  simultaneous  unwinding  of  the  complementary  strand.   We  have  previously 
shown  that  the  T4  45  protein  and  the  complex  of  the  T4  44/62  protein  are 
needed  in  addition  to  the  polymerase  (43)  and  the  helix  destabilizing  (32) 
protein  to  carry  out  this  reaction.   The  44/62  protein  complex  copurifies 
with  a  DNA-stimulated  rATPase  (and  dATPase)  which  is,  in  turn,  stimulated  by 

351 


ZOl  AM  24,260-15  LBP 

the  45  protein.   During  the  past  year  we  have  studied  unwinding  of  DNA  (heli- 
case  activity)  by  these  proteins,  using  as  a  substrate  a  partial  duplex  made 
by  annealing  of  a  5'  ^^p  complementary  restriction  fragment  to  circular 
single-stranded  0X174  DNA.   Single-stranded  fragments  unwound  enzymatically 
are  determined  by  agarose  or  acrylamide  gel  electrophoresis  of  the  products. 
We  find  that  annealed  fragments  ranging  in  size  from  70  to  1,500  bases  are 
not  completely  unwound  by  any  combination  of  the  43,  44/62,  45,  or  32  pro- 
teins.  Partial  unwinding  of  the  duplex  catalyzed  by  the  44/62,  45,  and  32 
proteins  is  suggested  by  the  finding  that  a  mixture  of  oligonucleotides 
(average  chain  length  ~  10)  is  released  from  the  5'  end  of  the  partial  duplex 
in  a  reaction  which  requires  all  four  of  these  proteins  and  rATP.   Under  the 
same  conditions,  oligonucleotides  are  not  formed  from  5'  -''^P  single-stranded 
or  completely  duplex  DNA.   Our  present  interpretation  of  these  preliminary 
results  is  that  one  or  more  of  the  enzymes  binds  to  the  single  strand  of  the 
partial  duplex  and  together  with  the  other  proteins  unwinds  a  short  region  of 
the  annealed  fragment.   The  branched  structure  resulting  from  this  unwinding 
is  then  cut  to  yield  a  5'  32p  oligonucleotide  by  a  nuclease  contaminant 
present  in  one  of  these  proteins.   A  likely  candidate  for  this  nuclease  is 
the  T4  gene  49  protein  which  is  involved  in  DNA  packaging  into  the  phage  coat 
and  has  recently  been  shown  by  Kemper  and  Nishimoto  and  their  colleagues  to 
cut  at  branch  points  in  DNA.   We  are  presently  purifying  the  49  nuclease  from 
T4-infected  cells  to  use  as  a  reagent  to  assay  partial  unwinding,  and  are 
developing  procedures  to  remove  the  endogenous  nuclease  which  appears  to  be 
present  in  the  45  protein  preparation.   We  hope  to  be  able  to  divide  the 
unwinding  into  partial  reactions  by  the  sequential  addition  of  the  four 
proteins  in  order  to  determine  the  function  of  each  protein.   Using  appro- 
priate templates,  we  will  measure  DNA  synthesis  and  DNA  unwinding  simulta- 
neously under  a  variety  of  conditions  to  try  to  understand  how  these  two 
processes  are  coordinated. 

Lagging  Strand  Synthesis.   Discontinuous  DNA  synthesis  on  the  lagging  strand 
requires  the  repeated  initiation  of  new  DNA  chains  on  portions  of  the  comple- 
mentary strand  which  are  unwound  as  a  result  of  elongation  of  the  leading 
strand.   We  have  previously  shown  that  chain  initiation  is  catalyzed  by  the 
T4  41  and  61  proteins  which  synthesize  ribopentanucleotide  primers  with  the 
sequence  pppACNNN  (N  can  be  A,  C,  G,  or  U) .   These  primers  are  then  elongated 
by  the  other  T4  proteins.   During  the  past  year  we  have  continued  our  efforts 
to  determine  the  role  of  the  41  and  61  proteins  in  primer  synthesis.   We  have 
been  unable  to  identify  partial  reactions  catalyzed  by  either  of  these  two 
proteins  in  the  synthetic  direction.  We  have  recently  shown  that  61  protein 
does  copurify  with  an  RNase  H  activity  (degrades  RNA  only  if  annealed  to  DNA) 
and  it  is  possible  that  this  represents  a  reversal  of  the  polymerization 
reaction.   The  pattern  of  oligonucleotide  products  found  with  the  RNase  H 
associated  with  61  protein  distinguishes  it  from  E^  coli  RNase  H  and  the 
RNase  H  activity  of  E^  coli  DNA  polymerase  I.   Further  work  is  needed  to  show 
whether  the  same  protein  catalyzes  the  primer  synthesis  and  RNase  H  activ- 
ities.  61  Protein  binds  tightly  to  single-stranded  DNA,  and  this  binding  is 
increased  by  32  protein. 
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41  Protein  has  previously  been  shown  to  copurify  with  a  single-stranded  DNA- 
dependent  nucleotidase  for  which  rGTP,  rATP,  dGTP,  and  dATP  are  the  best 
substrates.   DNA-Dependent  nucleotidase  activities  are  also  associated  with 
other  proteins  like  the  E.  coll  recA,  recBC,  and  dnaB  proteins,  whose  func- 
tion suggests  they  may  move  along  DNA  chains,  perhaps  driven  by  energy 
released  during  nucleotide  hydrolysis.   During  the  past  year  we  have  used  the 
partial  duplex  molecules  described  above  to  show  that  our  41  protein  prepara- 
tions have  helicase  activity  and  can  completely  unwind  duplex  regions  ranging 
in  length  from  70  to  1,500  nucleotides.   This  reaction  requires  high  levels 
of  rATP  or  rGTP  (5  mM  optimum)  and  is  strongly  inhibited  by  T4  32  protein. 
Completely  duplex  molecules  of  the  same  length  are  not  unwound.   This  and  the 
32  protein  inhibition  suggest  that  a  single-stranded  region  contiguous  to  the 
duplex  is  required,  as  has  been  found  for  other  DNA  helicases .   We  have  also 
recently  shown  that  41  protein  copurifies  with  a  weak  DNA  binding  activity 
which  we  have  measured  by  the  retardation  of  the  movement  of  DNA  fragments 
during  agarose  gel  electrophoresis.   The  binding  is  enhanced  by  the  addition 
of  EDTA  and  the  nucleotide  analogs  rATP-y-S  and  rGTP-y-S.   Due  to  competing 
nucleolytic  reactions,  the  helicase  and  DNA  binding  can  only  be  measured 
after  extensive  purification  of  the  tl  protein,  but  each  does  copurify  during 
three  chromatographic  steps.   Fortunately,  temperature-sensitive  mutants  in 
gene  41  are  available.   We  plan  to  compare  wild  type  41  protein  with  41 
protein  purified  from  extracts  of  cells  infected  with  41  ts  mutants  in  order 
to  determine  definitively  whether  the  primer  synthesis,  helicase,  DNA  bind- 
ing, and  nucleotidase  activities  are  catalyzed  by  the  41  gene  product. 

If  41  protein  is  both  a  helicase  and  a  priming  protein,  it  may  travel  in  a  5 ' 
to  3'  direction  along  the  strand  partially  unwound  during  leading  strand  syn- 
thesis until  it  reaches  a  sequence  appropriate  for  primer  formation.   After 
pentanucleotide  synthesis  by  41  and  61  proteins,  the  41  protein  might  continue 
to  travel  in  the  same  direction  toward  the  next  primer  site  and  in  the  process 
contribute  to  the  destabilization  of  the  helix  and  thus  facilitate  synthesis 
of  the  leading  strand.   We  have  obtained  preliminary  evidence  supporting  this 
model  by  measuring  the  effect  of  41  protein  on  strand  displacement  synthesis 
with  suboptimal  concentrations  of  32  protin.   Under  these  conditions,  DNA 
synthesis  is  stimulated  by  our  cleanest  41  protein  preparations.   Primer 
synthesis  is  not  required  since  the  stimulation  occurs  in  the  absence  of  61 
protein  and  ribonucleotides  other  than  rATP. 

DNA  Nucleases.   We  have  previously  found  a  nuclease  in  T4-infected  cells 
which  cuts  duplex  DNA  into  discrete  fragments  and  have  shown  that  this  activ- 
ity requires  the  functioning  of  a  T4  late  gene.   We  have  now  tested  most  of 
the  available  mutants  in  T4  late  genes,  including  those  involved  in  DNA 
packaging  and  maturation,  but  have  been  unable  to  identify  the  gene  respon- 
sible for  this  nuclease.   Like  type  II  DNA  restriction  enzymes,  this  nuclease 
appears  to  cut  duplex  DNA  (A,  T7 ,  SV40,  0X  RF)  at  specific  sites,  but  like 
the  less  frequent  type  III  restriction  enzymes,  it  cuts  each  molecule  only  at 
a  fraction  of  the  potential  sites,  giving  a  partial  digest  of  overlapping 
fragments.   Unlike  type  III  enzymes,  the  T4  nuclease  does  not  have  a  methyl- 
ase  activity. 
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In  the  course  of  purifying  the  kkjdl   protein,  we  have  identified  an  activity 
which  cuts  single-stranded  DNA  into  discrete  fragments.   We  have  separated 
this  activity  from  the  44/62  complex  and  shown  that  it  cuts  at  different 
sites  than  the  T4  DNA  topisomerase,  which  has  been  recently  reported  by 
Alberts  and  his  colleagues  to  cut  single-stranded  DNA  at  specific  sites.  We 
plan  to  determine  whether  this  nuclease  is  a  T4  or  host  enzyme,  and  to  test 
whether  it  recognizes  a  specific  sequence  or  structure  in  the  DNA. 

Collaborative  Projects: 

(1)  Effect  of  Template  Secondary  Structure  on  DNA  Synthesis  by  T4  Proteins. 
We  have  previously  shown  that  T4  pol3rmerase  pauses  at  barriers  created  by 
internal  hairpins  in  a  single-stranded  template  and  that  the  44/62  and  45 
proteins  enables  the  polymerase  to  reach  and  pass  through  these  barriers  more 
quickly.   We  now  find  that  there  is  massive  hydrolysis  of  dNTP  to  dNMP  accom- 
panying the  synthesis  with  44/62  and  45  proteins,  which  appears  to  be  due  to 
the  alternate  incorporation  and  removal  of  nucleotides  by  T4  polymerase  (and 
its  associated  3'  exonuclease)  when  it  is  detained  at  hairpin  barriers.   The 
high  level  of  dNMP  formation  with  the  44/62  and  45  proteins,  compared  to  the 
low  level  with  the  polymerase  alone,  suggests  that  the  polymerase  disso- 
ciates from  the  DNA  at  the  barriers  less  frequently  when  accompanied  by  the 
other  proteins.   Addition  of  32  protein  virtually  eliminates  the  hairpin 
barriers,  increases  the  rate  of  DNA  synthesis,  and  markedly  reduces  the 
formation  of  dNMP.   (Collaboration  with  Drs.  A.  Roth  and  P.  Englund,  Johns 
Hopkins  University,  Baltimore,  Maryland.) 

(2)  Amino  Acid  Sequences  of  the  T4  45  and  44/62  Proteins.   The  amino  acid 
sequence  of  the  45  protein  has  been  determined  by  a  combination  of  direct 
sequencing  of  the  purified  protein,  and  DNA  sequencing  of  a  cloned  T4  DNA 
fragment  containing  the  promoter  and  structural  regions  of  gene  45.   Amino 
acid  and  DNA  sequencing  of  the  44  and  62  proteins  is  just  beginning.   (Colla- 
boration with- Drs.  K.  Williams,  E.  Spicer,  and  W.  Konigsberg,  Yale  Univer- 
sity, New  Haven,  Connecticut.) 

Publications: 

Hays,  J.  B.,  Korba,  B.  E. ,  and  Konrad,  E.  B.:   Novel  mutations  of  Escherichia 
coli  that  produce  recombinogenic  lesions  in  DNA.   I.  Identification  and 
mapping  of  arl  mutations.   J.  Mol.  Biol.  139:  455-472,  1980. 

McMacken,  R. ,  and  Nossal,  N.  G. :   Procaryotic  replication  systems.   In 
Alberts,  B.  (Ed.):   Mechanistic  Studies  of  DNA  Replication  and  Genetic 
Recombination,  ICN-UCLA  Symposia  on  Molecular  and  Cellular  Biology.   New 
York,  Academic  Press,  1980,  Vol.  19,  pp.  15-19. 

Silver,  L.  L. ,  Venkatesan,  M. ,  and  Nossal,  N.  G. :   RNA  priming  and  DNA  syn- 
thesis by  bacteriophage  T4  proteins.   In  Alberts,  B.  (Ed.):   Mechanistic 
Studies  of  DNA  Replication  and  Genetic  Recombination,  ICN-UCLA  S3rmposia  on 
Molecular  and  Cellular  Biology.   New  York,  Academic  Press,  1980,  Vol.  19,  pp. 
475-484. 
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by  the  citraconylation  process  disrupts  the  overlapping  formation  of  fibrin 
polymerization.   The  interaction  of  thrombin  with  platelets  alters  the  surface 


of  the  platelet  from  a  disc  to  a  sphere,  at  which  point  aggregation  occurs  with 
the  release  of  ATP.   The  rate  of  aggregation  appears  to  be  independent  of  throm- 
bin concentration.   The  addition  of  hirudin  10  seconds  after  thrombin  addition 
had  no  effect  on  the  system;   however,  blocking  thrombin  initially  prevents  the 
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Project  Description: 

Objectives; 

The  structure-function  relationships  of  the  blood  coagulation  proteins  are  of 
particular  interest  to  increase  our  knowledge  and  understanding  of  the  mecha- 
nisms involved  in  these  vital  blood  clotting  processes.   The  chemical  modifi- 
cation of  the  fimctional  groups  of  the  amino  acids  that  dictate  protein 
structure  is  investigated  in  order  to  advance  our  knowledge  and  to  establish 
the  mode  of  action  of  the  blood  coagulation  proteins  in  the  role  of  hemostasis. 

Methods  Employed: 

The  methods  of  column  chromatography,  spectrophotometric  analyses,  and  high 
voltage  electrophoresis  were  utilized  to  analyze  the  composition  of  the  blood 
clotting  proteins  and  peptides.   The  techniques  of  electron  microscopic 
analysis,  disc  gel  electrophoresis,  and  thin-layer  chromatography,  and  the 
application  of  proteolytic  enzymes  were  employed  for  structure  determinations. 

Major  Findings  and  Proposed  Course  of  Studies  ; 

The  Ultrastructure  of  Citraconylated  Fibrin.   The  structure  of  fibrinogen  is 
altered  by  interaction  with  the  enzyme  thrombin  and,  after  treatment,  polym- 
erization ensues  with  the  formation  of  a  fibrin  assembly  to  a  three-dimen- 
sional gel  network.   This  poljmierization  appears  to  involve  a  linear  forma- 
tion of  fibrin  monomers  to  protofibrils  with  subsequent  lateral  association 
of  the  protofibrils  to  fibrin  fibers.   The  protofibril  stage  appears  to 
consist  of  a  linear  association  of  two  fibrin  monomers  with  an  overlap  of  one 
half  molecule.   Therefore,  the  protofibril  would  contain  one  fibrin  monomer 
per  225A  of  its  length.   At  this  point,  lateral  association  of  the  proto- 
fibrils occurs  to  form  thicker  fibers.   The  modification  of  fibrinogen  by 
citraconylation  of  the  lysine  residues  achieved  the  reduction  of  positive 
charge  on  the  protein  and  in  its  place  generated  excess  negative  charges. 
The  resulting  citraconylated  fibrin  was  highly  soluble  and  exhibited  proper- 
ties somewhat  different  from  unmodified  fibrinogen.   The  action  of  thrombin 
on  the  citraconylated  fibrinogen  released  f ibrinopeptides  A  and  B;   however, 
the  citraconylated  fibrin  produced  remained  soluble  and  did  not  polymerize 
into  the  normal  fibrin  gel  network. 

The  electron  microscopic  examination  of  the  citraconylated  fibrin  revealed 
the  presence  of  mostly  protofibrils  and  no  intermediate  or  thick  fibers, 
therefore  indicating  the  absence  of  lateral  association  which  appears  to  be 
necessary  for  gel  formation.   The  lack  of  a  distribution  of  branched  fibers 
beyond  the  protofibril  stage  in  the  microscopic  structure  suggests  that  the 
additional  negative  charges  generated  in  the  fibrin  by  citraconylation  dis- 
rupted the  fibrin  assembly  process.   These  results  also  strongly  indicate 
that  the  protofibril  formation  may  be  an  intermediate  in  the  mechanism  of 
fibrin  poljraierization.   Preliminary  results  indicate  that  the  degree  of 
citraconylation  of  fibrin  is  also  a  factor  in  the  process  of  interfiber 
connections.   At  a  low  level  modification  in  the  range  of  15-20  lysine  groups 
citraconylated,  the  electron  microscopic  patterns  demonstrate  some  inter- 
mediate lateral  association.   On  the  other  hand,  at  a  high  level  of 
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citraconylation  in  the  range  of  100  lysine  groups  modified,  there  appears  to 
be  an  inhibition  of  the  protofibril  formation. 

The  Interaction  of  Thrombin  with  Platelets.   Platelets  undergo  a  change  in 
shape  upon  interaction  with  thrombin.   The  platelet  disc-like  formation  is 
converted  to  a  sphere  and  at  the  same  time  ATP  is  released  and  the  platelets 
aggregate.   A  study  of  this  reaction  revealed  that  ATP  release  and  aggrega- 
tion occur  simultaneously.   If  hirudin,  which  blocks  thrombic  action,  is 
added  10  seconds  after  thrombin  to  the  platelet  system,  then  no  effect  is 
observed  on  the  platelet  aggregation.   However,  if  hirudin  is  added  simul- 
taneously with  thrombin,  then  platelet  activation  is  suppressed.   This  re- 
action appears  to  occur  in  two  steps,  with  the  first  step  thrombin-dependent 
and  involving  the  activation  of  the  platelets.   This  is  a  first  order  reaction 
which  is  followed  by  platelet  aggregation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  understanding  of  thrombus  formation  in  blood  vessels  is  of  great  impor- 
tance to  our  eventual  control  of  undesirable  hemostasis,  which  can  be  quite 
destructive  to  life.   Our  studies  on  the  modification  of  the  blood  clotting 
proteins  serve  as  very  informative  models  for  the  thrombin-induced  polymeri- 
zation of  fibrinogen,  as  well  as  a  possible  diagnostic  application  in  our 
ultimate  control  of  the  mechanism  of  clot  formation  in  the  absence  of  needed 
hemostasis.   It  is  hoped  that  investigation  of  the  structure-function  analysis 
of  the  blood  clotting  proteins  may  result  in  a  deeper  understanding  of  the 
mechanisms  associated  with  hemostasis,  vasoconstriction,  and  blood  clotting 
diseases. 

Proposed  Course; 

Studies  on  the  modification  of  fibrinogen  and  the  blood  clotting  proteins  will 
be  extended  to  obtain  greater  insight  into  the  relationship  between  structure 
and  biological  activity.   The  crosslinking  of  citraconylated  fibrin  by  factor 
XIII  will  be  investigated  to  more  fully  characterize  the  nature  of  the  stabili- 
zation of  fibrin.   Additional  comparative  studies  will  be  pursued  to  establish 
the  action  of  plasmin  on  methylated  fibrinogen  and  to  identify  the  proteolytic 
degradation  products. 

Further  efforts  will  be  made  to  characterize  the  thrcmbin-platelet  interaction 
and  to  explore  the  nature  of  thrombin  binding  to  the  platelets.   Structure- 
function  analysis  will  be  continued  on  the  action  of  thrombin  on  citraconyl- 
ated and  methylated  fibrinogen  to  further  define  the  mechanism  of  action  of 
thrombin.   The  methylation  of  fibrinogen  by  a  specific  esterifying  agent  will 
be  attempted,  to  minimize  unnecessary  conformational  changes  in  the  fibrinogen, 
in  order  to  explore  the  role  of  carboxyl  groups  in  the  ultrastructure  of 
polymerized  fibrin. 

Publications: 

Chromatographic  isolation  and  identification  of  methylated  derivatives 
obtained  from  modified  fibrinogen.   Biomaterials  1:  183-188,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) Fibroblasts  cultured  from  a  patient 
with  the  syndrome  of  leprechaunism  (characterized  by  physical  abnormalities, 
intrauterine  growth  retardation,  and  clinical  insulin  resistance)  exhibit  abnor- 


malities of  insulin  receptors,  receptors  for  insulin-like  growth  factors  (IGFs) , 
and  impaired  stimulation  of  glucose  incorporation  by  these  hormones  using  these 
receptors.   In  our  studies  of  the  insulin-like  growth  factor  (somatomedin) 
multiplication  stimulating  activity  (MSA) ,  a  polypeptide  synthesized  by  a  cloned 
line  of  rat  liver  cells  (BRL  3A)  ,  progress  has  been  made  in  the  following  areas: 
(i)  purification  of  MSA  to  homogeneity  and  determination  of  its  amino  acid  compo- 
sition; (ii)  development  of  a  radioimmunoassay  for  MSA;  (iii)  demonstration  that 
receptors  for  the  insulin-like  growth  factors  are  heterogeneous;  (iv)  demonstra- 
tion of  two  structural  subtypes  of  IGF  receptors  using  chemical  crosslinking 
techniques;  (v)  demonstration  that  insulin  and  MSA  utilize  insulin  and  MSA  recep- 
tors, respectively,  to  mediate  the  same  biological  responses  in  rat  hepatoma 
cells,  chondrosarcoma  cells,  and  human  fibroblasts;  (vi)  demonstration  that  MSA 


is  the  major  somatomedin  in  fetal  rat  serum,  and  that  MSA  levels  fall  shortly 
after  birth;  (vii)  characterization  of  growth  hormone-dependent  binding  proteins 
for  somatomedins  in  rat  and  human  serum. 
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Project  Description: 

I.  Insulin  Receptors  in  Genetic  Disorders  of  Insulin  Resistance 

Fibroblast  cultures  established  from  skin  biopsies  and  propagated  for  many 
cell  generatlonij  in  vitro  provide  a  useful  cell  type  to  study  the  genetic 
endowment  of  patient's  cells  free  from  in  vivo  physiological  influences.   We 
have  been  interested  in  genetic  syndromes  of  target-organ  resistance  to  the 
polypeptide  hormones,  insulin  and  somatomedins,  and  in  the  cellular  mecha- 
nisms of  hormone  resistance. 

We  first  demonstrated  that  normal  human  fibroblasts  in  culture  possess  sepa- 
rate, specific  cell  surface  receptors  for  insulin  and  somatomedins.   We  have 
examined  insulin  receptors  in  two  genetic  syndromes  associated  with  insulin 
resistance:   ataxia  telangiectasia  and  leprechaunism.   In  ataxia  telangiecta- 
sia, circulating  antibodies  to  insulin  receptors  decrease  insulin  binding  to 
monocytes  freshly  isolated  from  the  patient.   Insulin  binding  to  fibroblasts 
cultured  from  these  patients  was  normal,  however,  indicating  that  the  insulin 
receptor  itself  was  intrinsically  normal. 

By  contrast,  we  have  identified  the  first  primary  defect  of  insulin  receptors 
in  a  patient  with  the  rare  genetic  syndrome  of  leprechaunism.   Leprechaunism 
is  characterized  by  low  birth  weight,  abnormal  facial  features,  insulin 
resistance,  and  early  death.   Binding  of  ■'-^^I-label&d  insulin  to  high  affin- 
ity insulin  receptors  was  virtually  absent  in  fibroblasts  cultured  from  the 
leprechaun  patient,  whereas  binding  of  a  chemically  unrelated  polypeptide, 
EGF,  was  normal.   The  functional  consequences  of  this  defect  have  been  exam- 
ined.  Insulin  (and  proinsulin)  stimulate  glucose  incorporation  and  amino 
acid  transport  in  normal  fibroblasts  with  a  potency  and  specificity  suggest- 
ing that  these  effects  are  mediated  by  insulin  receptors.   Surprisingly, 
glucose  incorporation  but  not  amino  acid  transport  is  impaired  in  the  lepre- 
chaun patient's  fibroblasts.   These  results  suggest  that  the  defect  in  the 
patient's  cells  might  reside  in  a  component  of  the  receptor  complex  that  is 
specifically  linked  to  discrete  functional  pathways. 

Defects  in  the  binding  and  biological  action  of  insulin-like  growth  factors 
(IGFs)  also  has  been  noted  in  the  leprechaun  patient's  fibroblasts.   Binding 
of  125i_iabeled  IGF-I  to  IGF-I  receptors  is  decreased  by  75%,  the  result  of 
decreased  affinity  for  the  ligand.   IGFs  stimulate  glucose  incorporation  and 
amino  acid  transport  in  normal  fibroblasts  through  IGF  receptors.   In  the 
patient's  fibroblasts,  MSA-stimulated  glucose  incorporation  was  selectively 
impaired.   The  symmetry  of  the  functional  deficits  suggests  that  insulin  and 
IGF  receptors  may  share  common  components,  that  these  components  are  simi- 
larly linked  to  the  glucose  incorporation  effector  pathway,  and  that  these 
components  may  be  affected  by  the  leprechaunism  mutation. 

II.  Multiplication  Stimulating  Activity 
Multiplication-stimulating  activity  (MSA)  has  been  purified  from  media 
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conditioned  by  a  cloned  line  of  rat  liver  cells  in  culture.   An  8,700  molecu- 
lar weight  form  of  MSA  has  been  purified  to  homogeneity  and  its  amino  acid 
composition  determined.   Glycine  is  the  COOH-terminal  amino  acid;   the  NH2- 
terminus  is  blocked.   Specific  competitive  binding  assays  for  MSA  have  been 
developed  utilizing  125i-labeled  MSA  binding  to  cell  surface  receptors,  serum 
carrier  proteins,  and  rabbit  antibodies  to  MSA.   MSA  closely  resembles  the 
family  of  pol3rpeptide  hormones  in  human  plasma  known  as  somatomedins  or 
insulin-like  growth  factors  in  its  biological,  chemical,  and  binding  proper- 
ties.  Our  main  interests  include:   (a)  determination  of  the  amino  acid 
sequence  of  MSA;   (b)  study  of  MSA  biosynthesis  in  cell  culture  and  cell-free 
systems;   (c)  evaluation  of  MSA  as  a  specific  fetal  growth  factor;   (d) 
characterization  of  receptors  for  MSA,  other  somatomedins,  and  insulin,  in 
order  to  understand  the  relationships  among  these  receptors  and  how  they  are 
linked  to  specific  biological  functions;   and  (e)  purification,  chemical 
characterization,  and  development  of  assays  for  somatomedin  binding  proteins, 
in  order  to  understand  their  regulation  and  biological  role. 

MSA  has  been  compared  with  insulin-like  growth  factors  IGF  I  and  IGF  II,  the 
two  human  somatomedins  whose  amino  sequences  have  been  completely  defined,  in 
multiple  receptor  assay  systems.   The  three  labeled  and  unlabeled  peptides 
were  examined  in  competitive  binding  assays  using  receptors  from  fibroblasts 
and  hepatocytes  of  different  species.   The  three  peptides  cross-reacted  in 
each  experimental  system,  with  potencies  of  10-100%,  further  supporting 
inclusion  of  MSA  in  the  family  of  insulin-like  growth  factors.   Insulin  inhi- 
bited the  binding  of  labeled  IGFs  to  some,  but  not  all  of  these  receptors. 
The  results  suggested  heterogeneity  of  IGF  receptors. 

The  structure  of  different  IGF  receptors  was  probed  using  affinity  crosslink- 
ing  of  labeled  IGF  I  or  MSA  with  disuccinimidyl  suberate  (DSS).   Two  tjrpes  of 
IGF  receptor  structures  were  identified.   (i)  In  IGF  receptors  that  are  not 
inhibited  by  insulin,  the  binding  subunit  has  a  molecular  weight  of  260,000 
and  is  not  linked  by  disulfide  bridges  to  other  membrane  proteins.   Formation 
of  this  receptor  complex  is  not  inhibited  by  insulin.   (ii)  In  IGF  receptors 
that  are  inhibited  by  insulin,  a  binding  subunit  of  130,000  is  identified  that 
is  linked  to  other  membrane  proteins  by  disulfide  bridges.   Formation  of  this 
complex  is  inhibited  by  insulin.   The  size  and  aggregation  properties  of  this 
type  of  IGF  receptor  resembles  those  of  insulin  receptors;   the  two  receptors 
can  be  distinguished  by  the  specificity  of  complex  formation. 

Many  tissues  possess  receptors  for  both  insulin  and  MSA.   Although  these 
receptors  have  distinct  specificities,  MSA  cross-reacts  with  insulin  receptors 
and  insulin  cross-reacts  with  some  MSA  receptors,  presumably  because  of 
chemical  similarities  in  the  polypeptides.   In  many  tissues,  insulin  and  MSA 
elicit  the  same  biological  responses,  raising  the  question  whether  these 
effects  are  mediated  by  insulin  receptors  or  MSA  receptors.   In  HTC  rat  hepa- 
toma cells,  insulin  and  MSA  induce  the  enzyme  tyrosine  aminotransferase  and 
stimulate  amino  acid  transport.   The  biological  dose-response  curves  and  the 
specificity  of  insulin  and  MSA  receptors  in  HTC  cells  suggest  that  insulin 
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acts  exclusively  via  the  insulin  receptor,  whereas  MSA  may  act  via  the  MSA 
receptor,  the  insulin  receptor,  or  both. 

In  chondrocytes  prepared  from  swarm  rat  chondrosarcoma  cells,  insulin  and  MSA 
stimulate  proteoglycan  synthesis.   The  effects  of  insulin  are  observed  at 
low  concentration,  suggesting  that  it  acts  via  insulin  receptors.   Although 
MSA  receptors  were  demonstrated  in  chondrocytes,  it  is  not  determined  whether 
MSA  stimulates  proteoglycan  synthesis  via  MSA  receptors  or  by  crossreacting 
with  the  insulin  receptor.   Preliminary  studies  have  identified  MSA  receptors 
that  are  not  inhibited  by  insulin  in  primary  and  permanent  cultures  of  vascu- 
lar endothelium.   These  cells  previously  have  been  shown  to  possess  insulin 
receptors.   The  function  of  endothelial  cell  MSA  receptors  will  be  of  particu- 
lar interest,  since  the  insulin-like  growth  factors  are  primarily  stored  in 
the  vascular  compartment. 

A  possible  role  for  MSA  as  an  intrauterine  growth  factor  has  been  suggested 
by  two  separate  experimental  approaches:   (i)  explants  of  term  fetal  rat 
liver  studied  in  short-term  organ  culture  synthesize  significant  quantities 
of  MSA  and  (ii)  serum  from  rat  fetuses  at  term  contain  20  to  100  times  more 
MSA  than  the  corresponding  maternal  sera.   The  level  of  MSA  decreases  to 
adult  levels  by  10-20  days  after  gestation.   Immunoreactive  MSA  could  account 
for  all  of  the  somatomedin  activity  in  fetal  rat  serum,  but  probably  consti- 
tutes 5-10%  of  the  total  somatomedin  activity  in  serum  from  young  and  adult 
rats. 

Rat  and  human  plasma  contain  specific  carrier  proteins  for  somatomedins 
(identified  by  their  ability  to  bind  125i_iabeled  MSA) .   In  both  rat  and 
human  serum,  the  concentration  and  molecular  size  of  the  somatomedin  carrier 
proteins  appear  to  be  determined  by  the  growth  hormone  status  of  the  animal 
or  patient.   Hypophysectomized  rats  and  growth  hormone-deficient  patients 
have  low  levels  of  carrier  protein  (=  albumin-size) .   Following  in  vivo 
administration  of  growth  hormone,  the  concentration  of  carrier  protein  in- 
creases dramatically  to  normal  levels,  and,  as  in  normals,  the  binding  pro- 
tein is  predominantly  globulin-size. 

Publications : 

Heaton,  J.  H. ,  Schilling,  E.  E. ,  Gelehrter,  T.  D. ,  Rechler,  M.  M. ,  Spencer, 
C.  J.,  and  Nissley,  S.  P.:   Induction  of  tyrosine  aminotransferase  and  amino 
acid  transport  in  rat  hepatoma  cells  by  insulin  and  the  insulin-like  growth 
factor,  multiplication-stimulating  activity:   mediation  by  insulin  and  multi- 
plication-stimulating activity  receptors.   Biochim.  Biophys.  Acta  632:  192- 
203,  1980. 

Moses,  A.  C. ,  Nissley,  S.  P.,  Short,  P.  A.,  Rechler,  M.  M. ,  White,  R.  M. , 
Knight,  A.  B.,  and  Higa,  0.  Z.  :   Increased  levels  of  multiplication-stimulat- 
ing activity,  an  insulin-like  growth  factor,  in  fetal  rat  serum.   Proc.  Natl. 
Acad.  Sci.  U.S.A.  77:  3649-3653,  1980. 
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Rechler,  M.  M. ,  Zapf,  J.,  Nissley,  S.  P.,  Froesch,  E.  R. ,  Moses,  A.  C, 
Podskalny,  J.  M. ,  Schilling,  E.  E. ,  and  Humbel,  R.  E.:   Interactions  of 
insulin-like  growth  factors  I  and  II  and  multiplication-stimulating  activity 
with  receptors  and  serum  carrier  proteins.   Endocrinology  107:  1451-1459,  1980. 

Bar,  R.  S. ,  Peacock,  M.  L. ,  Rechler,  M.  M. ,  and  Nissley,  S.  P.:   Receptors  for 
multiplication-stimulating  activity  on  human  arterial  and  venous  endothelial 
cells.   J.  Clin.  Endocrinol.  Metab.  52:  814-816,  1981. 

Kasuga,  M. ,  Van  Obberghen,  E. ,  Nissley,  S.  P.,  and  Rechler,  M.  M. :   Demonstra- 
tion of  two  subtypes  of  insulin-like  growth  factor  receptors  by  affinity 
cross-linking.   J.  Biol.  Chem.  256:  5305-5308,  1981. 

Knight,  A.  B.,  Rechler,  M.  M. ,  Romanus,  J.  A.,  Van  Obberghen-Schilling,  E.  E., 
and  Nissley,  S.  P.:   Stimulation  of  glucose  incorporation  and  amino  acid 
transport  by  insulin  and  an  insulin-like  growth  factor  in  fibroblasts  with 
defective  insulin  receptors  cultured  from  a  patient  with  leprechaunism.   Proc. 
Natl.  Acad.  Sci.  U.S.A.  78:  2554-2558,  1981. 

Knight,  A.  B.,  Romanus,  J.  A.,  Van  Obberghen-Schilling,  E.  E.,  and  Rechler, 
M.  M.  :   Functional  consequences  of  genetically  defective  insulin  receptors 
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Series,  London,  Academic  Press,  in  press. 

Nissley,  S.  P.,  and  Rechler,  M.  M. :   Multiplication-stimulating  activity  from 
the  BRL-3A  rat  liver  cell  line:   relation  to  human  somatomedins.   Proceedings 
of  the  6th  International  Congress  of  Endocrinology,  Melbourne,  Australia, 
in  press. 

Rechler,  M.  M. ,  Nissley,  S.  P.,  King,  G.  L. ,  Moses,  A.  C. ,  Van  Obberghen- 
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Stevens,  R.  L. ,  Nissley,  S.  P.,  Kimura,  J.  H. ,  Rechler,  M.  M. ,  Caplan,  A.  I., 
and  Hascall,  V.  C. :   Effects  of  insulin  and  multiplication-stimulating  activ- 
ity on  proteoglycan  biosynthesis  in  chondrocytes  from  the  swarm  rat  chondro- 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Cooperative  binding  systems  involving  aggregation,  redistribution,  subunit 
interactions,  and  ligand  interactions  are  being  formulated  and  studied  in 
hemoglobin  and  other  proteins  related  to  hormone  action. 


Slow  degradation  of  hemoglobin,  thyroglobulin,  immunoglobulins ,  and  albumin 
is  under  investigation  in  order  to  define  and  explain  the  phenomenon. 

Monte  Carlo  analyses  are  done  to  yield  probabilities  for  uniqueness  and 


homology  of  amino  acid  sequences. 
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Project  Description: 

Objectives: 

The  main  objective  of  this  program  is  an  elucidation  of  the  structure  of 
naturally  occurring  macromolecules  based  on  the  methods  of  physical  chemistry. 
Macromolecules  are  studied  primarily  in  solution,  and  the  emphasis  is  on  the 
accumulation  of  data  on  the  state  of  the  molecule  with  respect  to  its  environ- 
ment.  Gross  features  of  structures  as  well  as  fine  detail  may  be  observed  by 
studies. 

Methods: 

In  our  studies  aimed  at  finer  details  of  protein  structure,  the  methods  used 
involve  the  measurements  of  the  binding  of  small  molecules  or  ions  to  specific 
sites  on  the  protein  molecules.   Depending  on  our  needs,  we  employ  ultra- 
centrifugal,  electrophoretic,  light  scattering,  and  other  spectral  techniques. 

Major  Findings  and  Proposed  Course  of  Studies: 

I.  Binding  Studies  and  Protein  Interactions.   Model  systems  are  being  devel- 
oped and  studied  for  explaining  in  a  reasonable  manner  experimental  binding 
data.   A  large  body  of  biological  data  appears  to  fall  in  the  category  of 
cooperative  equilibria  and  our  efforts  are  directed  to  this  area. 

II.  Slow  (Spontaneous)  Degradation  of  Proteins.   Many  examples  of  nonenzyma- 
tic  cleavage  of  peptide  bonds  have  been  reported  in  the  literature.   Some  of 
the  conditions  are  unusually  mild  involving  only  hydrogen  and  hydroxyl  ions. 
The  intrinsic  internal  environment  of  protein  molecules  affords  electronic 
configurations  which  would  lend  themselves  to  autocatalytic  enzymatic  action 
given  transient  high  potential  regions.   It  is  reasonable  to  assume  that  the 
evolutionary  process  would,  in  some  instances,  employ  this  intrinsic  property 
of  the  protein  molecule. 

In  our  studies  on  the  spontaneous  degradation  of  proteins  we  are  investigat- 
ing the  aggregation  reactions  of  proteins  in  a  search  for  a  covalent  compo- 
nent of  this  reaction  related  to  spontaneous  degradation.   Progress  in  these 
studies  so  far  has  been  equivocal. 

III.  Statistical  Studies  on  Protein  Sequences.   In  our  studies  on  amino  acid 
sequences  of  proteins  we  have  introduced  the  concept  of  uniqueness  and  a 
method  for  its  quantitative  evaluation.   We  have  shown  that  proteins  have  a 
significant  probability  of  containing  tripeptides  which  enable  the  identifi- 
cation of  both  the  region  of  the  molecule  from  which  the  tripeptide  origi- 
nated as  well  as  the  molecule  itself  against  the  background  of  all  the  other 
proteins  within  a  given  species.   These  studies  are  being  expanded  to  include 
relationships  between  species. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Our  emphasis  is  on  the  relationship  between  chemical  properties  and  the 
structure  of  macromolecules.   Once  these  properties  are  properly  related,  the 
attack  on  the  relationship  between  structure  and  function  can  proceed  on  a 
solid  basis.   The  proteins  and  macromo.Tecules  studied  are  either  enzymes  or 
those  of  interest  in  biological  systems.   Our  systems  are  highly  controlled 
with  reference  to  the  conditions  of  the  protein  environment  and  the  biomedi- 
cal significance  of  our  findings  derive  from  extrapolation  to  the  biological 
system.   Studies  on  the  binding  properties  of  protein  systems  related  to 
certain  hormones  provide  insight  to  possible  modes  of  cooperative  effects  in 
hormone  action. 

Publications : 

Strominger,  J.  L. ,  Orr,  H.  T. ,  Parham,  P.,  Ploegh,  H.  L. ,  Mann,  D.  L. , 
Bilofsky,  H.  ,  Saroff,  H.  A.,  Wu,  T.  T. ,  and  Kabat,  E.  A. :   An  evaluation 
of  the  significance  of  amino  acid  sequence  homologies  in  human  histocompati- 
bility antigens  (HLA-A  and  HLA-B)  with  immunoglobulins  and  other  proteins, 
using  relatively  short  sequences.   Scand.  J.  Immunol.  11:  573-592,  1980. 

Saroff,  H.  A.,  and  Kutyna,  F.  A.:   The  uniqueness-  of  protein  sequences: 
a  Monte  Carlo  analysis.   Bull.  Math.  Biol.,  in  press. 

Van  Jaarsveld,  P.  P.,  Naudi,  P,  K.  ,  Lippoldt,  R.  E. ,  Saroff,  H.  ,  and  Edelhoch, 
H. :   The  polymerization  of  clathrin  protomers  into  basket  structures. 
Biochemistry,  in  press. 
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calculated  rate,  suggesting  that  at  high  pH  other  mechanisms  involving  less 
electrostatic  repulsion  become  more  important. 

The  reactions  of  formaldehyde  with  amino  acids,  nucleosides,  and  similar 
compounds  were  studied.   The  primary  reaction,  replacement  of  an  active 
hydrogen  by  an  hydroxymethyl  adduct,  may  be  followed  by  intermolecular 
methylene  bridge  formation  if  the  concentration  of  reactants  is  high,  or  by 
intramolecular  methylene  bridge  formation  if  steric  factors  are  favorable. 
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Project  Description: 

Objectives: 

To  obtain  some  insight  into  the  mechanism  of  reactions  of  oxyhemoglobin 
a  study  of  the  effect  of  pH  and  ionic  strength  on  the  oxidation  by 
ferricyanide  was  made,  and  the  results  compared  with  theoretical  predictions. 

Since  the  early  work  on  formol  titration  of  proteins,  it  has  become  apparent 
that  the  reactions  of  formaldehyde  with  the  functional  groups  of  proteins  and 
nucleic  acids  can  be  quite  varied.   To  be  able  to  put  the  reaction  rates  into 
a  general  framework,  the  reactions  of  formaldehyde  with  some  amino  acids, 
nucleosides,  and  model  compounds  are  being  measured. 

Methods  Employed: 

Oxyhemoglobin  was  prepared  from  blood  by  standard  methods.   The  spectral 
change  on  oxidation  of  oxyhemoglobin  was  measured  in  either  the  Durrum 
stopped-flow  or  the  Gary  spectrophotometer. 

For  the  reaction  of  formaldehyde  with  compounds  having  appreciable  absorption 
in  the  visible  or  ultraviolet,  the  spectral  methods  mentioned  above  were 
employed.   For  some  amines  the  rate  of  change  of  hydrogen  ion  concentration 
caused  by  the  lower  pK  of  the  hydroxymethylamine  product  gave  a  measure  of 
the  rate  of  reaction.   For  other  compounds  the  width  of  NMR  signals  of 
exchanging  groups  was  used  if  the  rate  of  exchange  was  near  a  tenth  of  a 
second.   For  some  irreversible  reactions  the  products  were  identified  and 
quantitated  in  the  amino  acid  analyzer. 

Major  Findings: 

With  the  aid  of  the  conclusion  of  Antonini  et  al.  (Biochemistry  4:  545,  1963) 
that  ferricyanide  oxidizes  only  deoxyHb,  the  effect  of  pH  and  ionic  strength 
on  the  fraction  of  deoxyHb  and  on  the  electrostatic  attraction  or  repulsion 
of  the  ferricyanide  ion  was  used  to  calculate  variations  in  the  rate  of 
oxidation.   At  low  pH  the  agreement  with  experiment  was  fairly  good  even 
though  factors  difficult  to  evaluate,  such  as  protein  unfolding  and  ion 
binding,  were  ignored.   At  high  pH  the  measured  rate  is  much  faster  than  the 
calculated  rate,  suggesting  that  at  high  pH  other  mechanisms  involving  less 
electrostatic  repulsion  become  more  important. 

The  reaction  of  formaldehyde  or  other  carbonyl  compounds  with  a  primary  amine 
first  forms  a  zwitterion,  but  this  is  followed  by  several  hydrogen  or  hydroxyl 
transfer  steps  that  may  or  may  not  be  rate-determining.   With  secondary 
amines  one  of  the  reactions,  formation  of  neutral  imines ,  is  not  possible, 
and  with  tertiary  amines  neither  this  nor  formation  of  neutral  carbinolamines 
is  possible.   This  limitation  of  the  number  of  reactions  allows  easier  meas- 
urement of  the  individual  steps.  The  primary  reaction  of  formaldehyde  with 
amines,  replacement  of  an  active  hydrogen  by  an  hydroxymethyl  adduct,  may  be 
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followed  by  intermolecular  methylene  bridge  formation  if  the  concentration  of 
reactants  is  high,  or  by  intramolecular  methylene  bridge  formation  if  steric 
factors  are  favorable. 

The  formation  of  carbon-carbon  bonds  by  formaldehyde  is  generally  much  slower 
than  formation  of  nitrogen-carbon  bonds  and,  as  might  be  expected,  is  more 
irreversible. 

Publications: 

None. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords)  We  are  Studying  the  biosynthetic  en- 
zymes,  the  in  vivo  control,  and  the  in  vivo  function  of  the  polyamines. 

We  have  now  obtained  a  mutant  of  E^   coli  with  an  absolute  amine  requirement  for 
growth,  which  cotransduces  with  a  specific  defect  in  the  S12  protein  of  the  small 
ribosomal  subunit.   We  are  investigating  the  role  of  polyamines  in  protein  syn- 
thesis in  vivo. 

We  have  cloned  the  E^  coli  gene  for  adenosylmethionine  decarboxylase  into  PBR322, 
restricted  it,  and  prepared  a  stable,  high  copy  number  plasmid.  We  have  purified 
the  enzyme  and  have  found  1  mole  of  the  cof actor  pyruvate  per  mole  of  enzyme  sub- 
unit.  We  are  studying  the  mechanism  of  formation  of  this  unusual  cof actor. 
We  have  prepared  a  stable  plasmid  coding  for  the  adenosylmethionine  synthetase  of 
E.  coli  and  prepared  large  amounts  of  this  enzyme  for  x-ray  crystallography.  This 
reaction  requires  1  monovalent  and  2  divalent  cations. 
For  our  studies  on  the  control  of  amine  synthesis  in  yeast,  we  have  purified  orni- 
thine decarboxylase  and  obtained  antibodies  to  it.   We  have  shown  that  a  post- 


translational  modification  is  involved  in  the  control  of  this  enzyme. 
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Project  Description: 

Mutants  Defective  in  Polyamine  Biosynthesis.   The  physiological  role  of 
putrescine,  spermidine,  and  spermine  is  still  completely  unknown.   In  order 
to  study  this  problem,  we  have  constructed  mutants  of  Escherichia  coli  and 
Saccharomyces  cerevisiae  that  have  no  polyamines.   In  our  previous  studies,  a 
mutant  of  E^   coli  that  has  no  amines  because  of  mutations  in  ornithine  decar- 
boxylase, arginine  decarboxylase,  agmatine  ureohydrolase,  adenosylmethionine 
decarboxylase,  or  lysine  decarboxylase  could  still  grow  at  one-third  the  rate 
of  an  amine-supplemented  strain  and  serve  as  host  for  T4,  T7,  and  f2  bacterio- 
phages.  However,  it  could  not  maintain  X. 

We  now  have  constructed  another  mutant  of  E.  coli  that,  in  addition  to  dele- 
tions of  ornithine  decarboxylase,  arginine  decarboxylase,  and  agmatine  ureo- 
hydrolase, has  a  rpsL  (strA)  mutation.   This  mutant  (but  not  its  rpsL"^ 
parent)  has  no  growth  in  the  absence  of  added  amines.   This  absolute  depen- 
dence on  added  amines  cotransduced  with  certain  rpsL  (strA)  mutations.   The 
addition  of  putrescine,  spermidine,  or  spermine,  but  not  of  streptomycin, 
restored  growth. 

These  experiments  show  that  in  vivo  the  presence  of  certain  rpsL  markers 
contributes  to  the  absolute  requirement  for  polyamines.   Since  the  rpsL 
mutation  results  in  an  abnormal  S12  ribosomal  protein  and  decreased  ambiguity 
of  translation,  we  propose  that  the  polyamines  may  be  overcoming  this  defect. 
We  are  now  carrying  out  further  studies  with  bacteriophage  X   and  with  bac- 
teriophage Qg,  both  of  which  require  a  degree  of  ambiguity  for  viable  phage 
production. 

Control  of  Polyamine  Biosynthesis  in  Yeast.   We  are  studying  the  control  of 
ornithine  decarboxylase  in  the  eukaryote,  S_^  cerevisiae.   Ornithine  decar- 
boxylase in  eukaryotic  cells  has  been  found  to  increase  very  rapidly  under 
conditions  of  rapid  growth  and  differentiation,  and  may  be  the  rate-limiting 
step  in  polyamine  biosynthesis.   Many  investigators  have  proposed  that  this 
enzyme  is  the  important  factor  in  the  control  of  growth  of  normal  and  malig- 
nant tissues.   Many  mechanisms  have  been  described  for  the  control  of  orni- 
thine decarboxylase,  including  inhibition,  repression,  proteolytic  degrada- 
tion, inactivation  resulting  from  a  change  in  the  affinity  for  pyridoxal 
phosphate,  inactivation  by  a  protein  "antizyme,"  and  inactivation  by  enzyma- 
tic modification. 

We  have  found  that  a  yeast  strain  which  has  a  mutation  in  the  gene  coding  for 
adenosylmethionine  decarboxylase  overproduces  ornithine  decarboxylase.   This 
has  made  it  possible  for  us  to  purify  ornithine  decarboxylase  from  yeast 
(which  normally  has  low  levels  of  this  enzyme).   The  homogeneous  protein 
(1,500-fold  purified,  68,000  molecular  weight,  a  monomer)  requires  pyridoxal 
phosphate  for  activity.   Spermidine  and  spermine  (but  not  putrescine)  added 
to  the  medium  in  vivo  result  in  a  rapid  and  complete  loss  of  ornithine  decar- 
boxylase activity.   In  order  to  study  the  mechanism  of  this  control,  we  have 
prepared  antibody  to  the  pure  enzyme  in  rabbits.   We  have  found  that  (1)  the 
enzjmie  protein  is  not  decreased  when  the  activity  is  lost  after  growth  with 
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the  polyamines;  i.e.,  the  enzyme  protein  is  not  degraded;  (2)  the  protein 
appears  unchanged  in  mobility  in  electrophoresis;  and  (3)  we  have  found  no 
evidence  for  an  "antizyme"  in  yeast.  We  conclude  that  the  loss  of  activity 
results  from  post-translational  modification.  We  are  now  investigating  the 
nature  of  this  modification. 

Studies  of  Enzymes  in  the  Biosynthetic  Pathway  for  Polyamines  in  E^   coli. 

Adenosylmethionine  Decarboxylase.   We  have  continued  our  studies  of 
adenosylmethionine  decarboxylase  in  E^   coli.   This  enzyme  is  of  particular 
interest  since  we  have  shown  that  it  is  one  of  a  few  which  have  covalently- 
linked  pyruvate  as  the  cofactor  for  decarboxylation,  instead  of  pyridoxal 
phosphate.   We  have  utilized  a  plasmid  which  we  originally  detected  in  the 
Clarke-Carbon  collection  and  have  modified  this  plasmid  by  restriction  and 
incorporation  into  PBR322  to  permit  stable,  high-level  amplification  (30- 
fold)  of  the  enzyme.   We  have  devised  an  affinity  chromatography  column  which 
permits  the  isolation  of  pure  enzyme  rapidly  and  have  utilized  this  for  the 
determination  of  the  stoichiometry  of  the  pyruvate  cofactor.   We  have  now 
found  evidence  for  a  pyruvate  :  subunit  ratio  of  about  1  :  1  in  this  prepara- 
tion, and  the  enzyme  appears  to  contain  6  subunits  of  equal  molecular  weight. 
We  have  been  able  to  prepare  an  antibody  to  this  pure  enzyme.   We  are  cur- 
rently trying  to  determine  the  specific  amino  acid  linked  to  the  pyruvate  and 
the  origin  of  the  pyruvate.   We  are  investigating  the  possible  role  of  a 
proenzyme  in  the  formation  of  this  pyruvate. 

Adenosylmethionine  Synthetase.   We  have  continued  our  studies  of  the 
structure  and  mechanism  of  S -adenosylmethionine  synthetase  from  _E^  coli.   An 
1,800  nucleotide  base  pair  DNA  fragment  containing  the  structural  gene  for 
adenosylmethionine  synthetase  has  been  cloned  into  the  plasmid  pBR322;   a 
derepressed  E^  coli  strain  containing  this  hybrid  plasmid  produces  adenosyl- 
methionine synthetase  as  5%  of  the  total  cell  protein. 

Studies  of  the  activation  of  adenosylmethionine  synthetase  by  divalent  metal 
ions  showed  that  each  subunit  of  the  tetrameric  enzyme  can  bind  two  divalent 
metal  ions  (e.g.,  Mg2+,  Mn^"*")  ,  one  of  which  binds  as  a  metal-nucleotide 
complex.   Both  ions  are  required  for  enzymatic  activity.   Electron  paramag- 
netic resonance  studies  of  enzyme-bound  Mn^"*"  showed  that  the  two  divalent 
metal  ion  activators  are  bound  very  close  together  and  share  a  common  ligand. 
This  is  the  first  case  of  two  divalent  metal  ions  bridged  by  a  common  ligand 
at  the  active  site  of  a  nucleotide-requiring  enzyme.   In  addition  to  the 
divalent  metal  ions,  adenosylmethionine  synthetase  is  activated  by  binding 
of  certain  monovalent  cations  (e.g.,  IC*",  Li"*")  at  a  single  site  per  subunit. 
Li  NMR  studies  show  that  the  NMR  relaxation  rates  of  Li"*"  are  substantially 
increased  by  Mn^"*"  in  the  enzyme-Mn2+-Li'^  complex  and  indicate  that  the  mono- 
valent cation  activator  site  is  approximately  9  A  from  the  protein-bound 
Mn2+.   The  monovalent  cation  thus  activates  by  binding  near  the  active  site. 

Crystals  of  adenosylmethionine  synthetase  have  been  obtained  which  have  been 
used  for  preliminary  x-ray  crystallographic  studies  at  3  A  resolution. 
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1981. 
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J.  Biol.  Chem. ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  presence  of  a  1.4  x  10^  dalton  double-stranded  RNA  in  intracellular  virus- 
like particles  (the  K^^  killer  plasmid  or  killer  virus)  in  Saccharomyces  cere- 
visiae enables  cells  to  secrete  a  protein  toxin  and  be  immune  to  this  toxin.   We 
have  defined  29  chromosomal  genes  (called  makl,  .  .  .)  needed  to  replicate  the 
killer  plasmid  and  5  regulatory  chromosomal  genes  affecting  the  killer  plasmid 
(ski  genes,  KRBl) .   A  second  killer  plasmid,  called  K2,  is  excluded  by  the  Ki 
plasmid.   Another  plasmid,  called  [EXL] ,  is  not  a  killer  plasmid  but  also  exclude 
K2.   Yet  another  plasmid,  called  [NEX] ,  prevents  this  effect  of  [EXL]  on  K2.   Two 
chromosomal  genes,  MKTl  and  MKT2,  are  required  for  K2  maintenance  if  [NEX]  is 
present.   A  third  new  yeast  plasmid,  [HOK] ,  acts  as  a  helper  for  a  replication- 
defective  mutant  of  the  K^  killer  plasmid.   [NEX]  and  [HOK]  are  carried  on  a  3.0 
x  10^  dalton  double-stranded  RNA  (called  LrOK-NEX^ •   Another  form  of  L  ds  RNA 
depends  on  the  chromosomal  CLOl  gene  for  its  replication.   A  third  form  of  L  ds 
RNA  has  also  been  found. 
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Project  Description: 

The  Killer  Virus 

Background:   Some  strains  of  the  eukaryote  Saccharomyces  cerevisiae  secrete  a 
protein  toxin  which  is  lethal  to  other  strains.   The  toxin-secreting  strains 
are  called  killers  and  are  immune  to  their  own  toxin.   Two  different  toxin 
specificities  are  known  (K]^+  and  K2"^  phenotypes)  with  their  corresponding 
immunity  (Rj^  and  R2"'')  specificities.   Ki  killer  strains  are  killed  by  the 
toxin  from  K2  killers  and  vice  versa.   Ability  to  secrete  an  active  toxin 
depends  on  the  presence  of  a  double-stranded  (ds)  RNA  which  codes  for  the 
toxin  and  an  immunity  function.   K]^  strains  have  a  1.25  x  10°  dalton  ds  RNA, 
called  Ml,  while  K2  killers  carry  a  smaller  1.0  x  10"  dalton  ds  RNA,  M2. 
Each  ds  RNA  is  found  in  virus-like  particles.   Another  ds  RNA,  called  L  (3.0 
X  10°  daltons) ,  is  found  in  virtually  all  Sj_  cerevisiae  strains  and  codes  for 
the  coat  protein  of  the  virus-like  particles  in  which  each  ds  RNA  is  encapsu- 
lated.  The  K]_  and  K2  killer  traits  are  inherited  as  plasmids  (denoted  [KIL-k]^] 
and  [KIL-k2]),  and  the  virus-like  particles  containing  I.,  Mj,  or  M2  are  not 
infectious. 

We  have  described  two  chromosomal  genes,  KEXl  and  KEX2,  needed  for  expressing 
the  killer  phenotype,  but  not  needed  for  resistance  or  for  killer  plasmid  (M]_ 
ds  RNA)  maintenance.  The  KEX2  gene  is  also  necessary  for  secretion  of  active 
0^  hormone — a  pheromone  secreted  by  cells  of  o^  mating  type  which  readies  a_ 
cells  for  mating — and  for  meiotic  spore  formation.  The  RE XI  gene  is  required 
for  expression  of  resistance  to  the  toxin,  but  not  for  toxin  production  or 
plasmid  maintenance. 

Our  studies  have  also  revealed  29  chromosomal  genes  needed  to  maintain  or 
replicate  the  K^  killer  plasmid-virus  (27  MAK  genes,  SPE2,  and  PET18) . 
Several  MAK  genes  are  also  required  for  optimal  growth  rate,  maintenance  of 
the  mitochondrial  genome,  or  meiosis. 

We  have  also  described  4  chromosomal  genes  with  regulatory  effects  on  killer 
plasmid  replication  (called  SKI  genes  because  the  mutants  are  "superkillers") 
and  2  other  genes  (one  chromosomal  and  one  mitochondrial) ,  mutations  in  any 
of  which  suppress  mutations  in  specific  mak  genes. 

We  have  described  three  new  non-Mendelian  genetic  elements  affecting  replica- 
tion of  [KIL-k2].   One,  called  [EXL] ,  excludes  [KIL-k2]  when  both  are  present 
in  the  same  cell.   The  second,  called  [NEX] ,  prevents  [EXL]  from  excluding 
[KIL-k2]  in  wild  type  cells,  but  in  cells  defective  in  the  chromosomal  mktl 
gene,  [NEX]  itself  excludes  [KIL-k2].   The  [HOK]  cytoplasmic  element  provides 
a  helper  function  to  a  replication-defective  Ki  killer  plasmid. 

New  Findings;   L  ds  RNA  had  been  viewed  as  a  single  genetic,  functional,  and 
molecular  entity.   We  have  recently  found  that  various  strains  can  carry  one 
or  more  distinct  varieties  of  L,  ds  RNA.   These  forms  of  L  ds  RNA  are  all 
about  the  same  size  but  are  distinguished  by  their  requirements  for  chromo- 
somal genes  for  replication  and  by  their  interactiotis  with  the  M]_  and  M2  ds 
RNAs. 
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iaiOK-NEX  carries  the  [HOK]  and  [NEX]  functions  and  represents  80%  of  the  L- 
sized  molecules  in  strains  carrying  more  than  one  type  of  L.   L^lo  does  not 
carry  [HOK]  or  [NEX]  functions  and  depends  on  the  chromsomal  CLOl  gene.   A 
third  form  of  L  ds  RNA,  called  Lpgxig,  depends  only  on  the  PET18  gene  (see 
Table). 
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+  =  wild  type  allele  required  for  plasmid  replication. 


Our  results  indicate  that  the  different  varieties  of  L  ds  RNA  can  be  stably 
maintained  together  in  one  strain. 

In  a  strain  carrying  only  I^OK-NEX  ^^'^  —1  ^^   RNA,  our  data  indicate  that  Mj^ 
depends  on  L^OK-NEX- 

Deletion  mutants  of  M]^  ds  RNA  (called  suppressive  mutants)  are  defective  for 
toxin  and  immunity  functions,  but  replicate  normally.   We  find  that  they  inhi- 
bit the  replication  of  the  wild  type  parent. 

Suppressor  mutants  of  kexl  have  been  isolated  and  are  found  to  be  due  to  single 
recessive  chromsomal  mutations. 

Electron  micrographs  of  a  superkiller  strain  have  shown  prominent  cytoplasmid 
arrays  which  appear  to  be  the  ds  RNA-containing  virus-like  particles. 

2  u   DNA  Plasmid 

Background;   Mc^t  S^  cerevisiae  strains  carry  a  4  x  10°  dalton  circular 
double-stranded  DNA  plasmid  whose  replication  control  closely  resembles  that 
of  chromosomal  DNA.   We  have  previously  constructed  a  small  derivative  of 
this  plasmid  carrying  the  2  u   DNA  replicon  and  the  yeast  LEU2  gene.   This 
derivative,  called  pSLel,  is  useful  because,  unlike  other  such  recombinant 
yeast  plasmids,  it  is  extremely  stable  and  thus  allows  genetic  studies  of  2  y 
DNA  replication. 
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New  Findings  (during  sabbatical  leave  at  Osaka  University,  Japan) :   Transfor- 
mation of  yeast  with  plasmid  pJDB219  (a  composite  of  pMB9,  2  \i   DNA,  and  LEU2) 
often  results  in  complete  elimination  of  the  endogenous  2  y  DNA  from  the  cell. 
Since  pJDB219  is  quite  unstable,  strains  lacking  2  p  DNA  sequences  entirely 
can  be  readily  produced.   These  strains  are  normal  in  growth,  melosis,  spore 
formation,  and  mating.   This  procedure  will  be  useful  in  studying  2  y  DNA 
replication  and  in  recombinant  DNA  studies. 

S.  rouxii  carries  a  DNA  plasmid  of  the  same  molecular  weight  as  2  y  DNA  and 
with  the  inverted  repeat  structures  found  In  the  S_^  cerevislae  plasmid,  but 
it  has  no  homology  with  the  Sj_  cerevislae  plasmid. 

Molecular  Cloning 

We  are  attempting  to  clone  some  of  the  chromosomal  genes  involved  in  the 
killer  plasmid  expression,  regulation,  and  replication.   Since  most  of  these 
genes  are  not  selectable,  we  have  decided  to  use  their  map  positions  to  clone 
nearby  genes  and  then  to  "walk"  to  the  genes  of  Interest.   For  this  purpose, 
we  have  now  cloned  AR07  (near  MAK3) ,  LYS5  (near  SKIl) ,  and  LYS2  (near  MAK4) . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

This  system  is  nearly  unique  among  the  viruses  of  eukaryotes  in  Its  suitabil- 
ity for  an  in-depth  study  of  the  relationships  of  the  viruses  to  the  chromo- 
somal genes  and  other  cellular  genetic  components.   As  a  result  of  this  ease 
of  experimentation,  our  work  has  disclosed  the  greatest  detail  of  these 
interactions  of  any  eukaryotic  virus  or  plasmid  system  studied  to  date. 
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Toh-e,  A.,  and  Wickner,  R.  B.:  Control  of  replication  of  the  K^  killer  double- 
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Wickner,  R.  B.:   Killer  systems  in  Saccharomyces  cerevisiae.   In  Jones,  E.  W., 
Broach,  J.,  and  Strathern,  J.  A.  (Eds.):   Molecular  Biology  of  Yeast.   Cold 
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LABORATORY  OF  CHEMICAL  BIOLOGY,  NIADDK 
ANNUAL  REPORT:   October  1,  1980  -  September  30,  1981 

The  Laboratory  of  Chemical  Biology  continues  its  strong  program  in 
protein  chemistry,  including  projects  designed  to  characterize  specific 
proteins  of  biological  interest  as  well  as  more  basic  studies  of  protein 
folding  and  dynamics.   In  addition,  however,  an  increasing  fraction  of  the 
Laboratory's  efforts  now  deals  with  molecular  and  cellular  biology.   These 
latter  projects  include  biophysical,  biochemical,  molecular  genetic,  and 
immunological  approaches  to  understanding  the  functioning  of  normal  and 
abnormal  cells.   Part  of  the  expertise  of  the  Laboratory  is  being  devoted 
to  understanding  the  molecular  pathophysiology  of  Sickle  Cell  Anemia  and  to 
developing  new  therapeutic  approaches  to  this  disease.   Lastly,  a  new 
Laboratory  program  of  studies  in  early  mammalian  development  complements 
and  builds  upon  the  aforementioned  protein,  molecular  and  cellular  biological 
investigations . 

Protein  Chemistry 

Three  proteins  which  are  being  extensively  studied  in  the  Laboratory, 
using  a  very  wide  range  of  approaches  and  techniques,  are  human  interferon, 
bovine  neurophysin  and  cytochrome  c_.   Interferon  has  been  purified  to 
homogeneity  from  human  lymphoblastoid  cells  and  much  of  its  amino  sequence 
has  been  determined.   As  a  result  of  this  accomplishment,  as  well  as  work 
elsewhere,  a  major  program  in  the  chemical  synthesis  of  interferon  has 
recently  been  undertaken.   The  goal  of  this  program  is  to  facilitate  the 
study  of  structure-function  relations  in  interferon,  especially  in  various 
peptide  fragments  and  modified  derivatives.   However,  an  equally  important 
goal  is  to  build  upon  recent  developments  in  the  chemical  synthesis  of 
proteins  so  as  to  be  able  to  synthesize  any  protein  of  reasonable  length 
with  high  activity  and  high  yield.   Such  an  accomplishment  would  have  great 
general  importance  in  biochemistry  and  have  many  medical  applications. 

Bovine  neurophysins  are  being  studied  so  as  to  understand  the  structural 
basis  of  their  interactions  with  the  neuropeptides,  oxytocin  and  vasopressin. 
An  equally  important  aim  of  this  work  is  to  elucidate  the  biosynthetic 
process  for  these  carrier  proteins,  especially  as  biosynthesis  relates  to 
their  interactions  with  the  neuropeptide  hormones.   A  variety  of  studies  of 
the  interaction  of  neurophysin  with  ligands  and  of  cell-free  neurophysin 
translation  systems  are  being  examined. 

Studies  on  the  folding  and  conformational  dynamics  of  proteins  in  this 
Laboratory  have  concentrated  on  cytochrome  c_.   The  experimental  studies 
have  been  pursued  simultaneously  with  the  development  of  a  theoretical 
model  for  protein  folding  which  emphasizes  conformational  distributions  at 
equilibrium.   Several  fragment  systems  of  cytochrome  c_  have  been  developed. 
A  kinetic  study  as  a  function  of  temperature  of  two  two-fragment  systems 
has  been  completed  and  an  analysis  of  a  three-fragment  system  has  been 
undertaken.   In  conjunction  with  these  studies,  yeast  mitochondrial  cyto- 
chrome c  synthetase  is  being  characterized  to  facilitate  chemical  protein 
synthetic  work.   In  a  related  project,  several  semi-synthetic  derivatives 
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of  ribonuclease-S  have  been  analyzed  by  X-ray  diffraction  to  probe  conforma- 
tional roles  of  individual  amino  acid  residues. 

Molecular  and  Cellular  Biology 

The  me::hc-nism  of  polymerization  of  hemoglobin  S  within  the  erythrocyte 
is  being  studied  by  nuclear  magnetic  resonance  spectroscopy  so  as  to  be 
able  to  describe  the  molecular  pathophysiology  of  Sickle  Cell  Disease.   In 
parallel  with  these  studies  at  the  cellular  level,  a  thermodynamic  analysis 
of  the  polymerization  process  of  hemoglobin  S  solution  has  been  begun. 
Complementary  to  this  is  work  using  difference  X-ray  analysis,  molecular 
graphics,  and  peptide  synthesis  in  an  attempt  to  design  and  build  stereo- 
specific  inhibitors  of  the  polymerization  process.   Such  compounds  might  be 
effective  therapies  for  this  lethal  human  disease. 

The  cell  biology  of  human  erythroid  cells  is  being  studied  by  analyzing 
the  K562  cell  line.   Conditions  which  cause  these  cells  to  accumulate  large 
amounts  of  embryonic  and  fetal  hemoglobins  have  been  established  and  the 
molecular  mechanism  for  hemoglobin  expression  is  now  under  investigation. 
Molecular  probes  of  individual  hemoglobin  genes  have  been  developed  and  are 
now  being  used  to  study  globin  gene  structure  and  transcription  in  an 
effort  to  understand  the  process  of  gene  activation  in  these  cultured 
cells.   Additionally,  the  K562  cells  are  being  transfected  by  a  plasraid 
carrying  a  human  globin  gene  not  normally  expressed  in  these  cells.   If 
expression  occurs,  studies  will  be  undertaken  to  detail  the  molecular 
regulation  of  these  events.   In  a  related  proiect,  the  mechanism  and  control 
of  hemoglobin  degradation  is  being  studied  in  K562  cells,  as  well  as  in 
normal  erythrocytes  and  in  malaria  infected  cells.   Recent  information 
suggests  that  specific  protein  degradation  pathways  mav  have  important 
roles  in  normal  and  abnormal  cells. 

The  immobilization  antigens  and  mating-type  substances  from  several 
species  of  Paramecia  have  been  isolated  and  compared  in  studies  of  the 
biochemical  basis  of  cell-cell  interactions  in  protozoa.   Studies  of  Para- 
mecium hemoglobins  have  been  undertaken  as  part  of  the  comparative  biochemical 
analysis  of  these  organisms. 

Developmental  Biology 

Recently,  studies  into  the  molecular  mechanisms  of  early  mammalian 
development  have  been  undertaken  in  this  Laboratory.   These  studies  have 
focused  on  the  control  of  gene  expression  in  the  maturing  oocyte  as  well  as 
the  processing  of  the  male  genome  prior  to  its  expression  early  in  embryo- 
genesis.   The  zona  pellucida  proteins  of  the  mouse  serve  as  models  of  f^arly 
gene  expression  and  their  synthesis  can  be  suppressed  hormonally.   Biochemical 
characterization  of  these  proteins  is  being  undertaken  as  a  first  step  to 
understanding  the  molecular  control  of  their  production.   Studies  are  also 
underway  to  identify  and  isolate  the  macromolecules  in  the  murine  oocyte 
responsible  for  the  decondensation  of  sperm  nuclei  and  their  reconstitution 
into  somatic  histones,  processes  that  occur  prior  to  the  first  cell  cleavage. 
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PROTEIN  CHEMISTRY 

I.  Human  Interferon 

A.  Purification  and  Chemical  Characterization 

Two  molecular  weight  components  of  human  lymphoblastoid  interferon 
have  been  purified.   Complete  amino  acid  analysis  of  the  two  components 
has  been  performed  as  well  as  the  fractionation  of  both  cyanogen  bromide 
and  tryptic  fragments  of  the  18,500  dalton  component.   The  effect  of 
exopeptidases  on  interferon  activity  has  been  determined.   The  sequence  of 
these  two  fractions  has  been  largely  determined  and  it  is  possible  to 
conclude  that  there  exists  a  very  high  level  of  homology  with  the  10  or 
more  available  leukocyte  sequences.   (Anfinsen,  Smith,  Miller,  Nelson) 

B.  Chemical  Synthesis 

In  our  initial  synthetic  work  we  applied  the  most  up-to-date  Merrifield 
solid-phase  methodology  to  synthesize  the  N-terminal  fragments  1-26  and  1- 
22  and  the  C-terminal  fragments  121-166,  142-166  and  151-166.   Fragment  27- 
166  was  also  synthesized  in  order  to  study  feasibility  of  preparing  long 
polypeptides.   In  the  synthesis  of  27-166,  a  fairly  low  yield  ('^3%)  was 
observed  for  material  of  the  correct  molecular  weight.   Nevertheless, 
enough  material  is  available  to  determine  the  conditions  which  allow  optimum 
refolding  of  the  synthetic  polypeptide  to  a  native-like  conformation. 
These  studies  may  result  in  preparations  capable  of  producing  anti-viral 
activity.   The  long  fragments  have  been  shown  to  react  with  antibodies  to 
native  interferon  and  also  to  inhibit  the  binding  of  labelled  native  inter- 
feron to  crude  cell  surface  receptor  preparation.   While  these  results  are 
helpful  for  our  purpose  of  relating  unique  structural  features  to  specific 
functions,  it  is  evident  that  we  need  alternative  synthetic  methods  capable 
of  producing  higher  yields  and  more  chemically  and  chirally  pure  peptides. 
These  methods  are  now  being  developed.   (Anfinsen,  Smith,  Ohno,  Widmer) 

C.  Specific  Antisera 

Antibodies  to  human  lymphoblastoid  interferon  have  been  produced  in 
both  sheep  and  rabbits  using  partially  purified  interferon  as  immunogen. 
Synthetic  fragments  of  human  a  type  interferon  have  been  used  as  immunogen 
in  rabbits  to  produce  antibody  with  defined  site  specificity  to  native 
interferon.   These  synthetic  fragments  have  also  been  utilized  to  purify 
antisera  raised  to  native  human  interferon  and  produce  fractions  of  y- 
globulin  with  defined  antigenic  site  specificity.   (Smith,  Nelson) 

II.  Bovine  Neurophysin 

A.   Conformation  and  Biosynthesis 

A  limit  trypsin  digestion  of  native  neurophysin  results  in  the  loss  of 
only  1-3  small  peptides  at  the  N-  and  C-termini  of  neuronhysin  The  diges- 
tion does  not  alter  appreciably  the  immunoreactivity  of  neurophysin  but 

3Q0 


destroys  its  binding  to  the  hormone  tripeptide  analogue  affinity  column. 
Whether  this  alteration  directly  affects  the  hormone  binding  site  or  alters 
the  ability  of  neurophysin  to  dimerize  has  not  yet  been  determined. 

In  peptide  maps  of  both  in  vitro  synthesized  neurophysin  precursor  and 
in  vivo  labelled  proneurophysin,  no  evidence  for  oxidized,  trypsin  digested 
authentic  hormone  has  been  found.   This  finding  has  suggested  that,  at 
least  for  arginine  vasopressin,  cleavage  at  the  amino  acid  preceeding 
cys-1  of  the  hormone  cannot  be  a  trypsin-like  cleavage.   Extended  peptide 
fragments  containing  hormones  are  therefore  expected  and  are  being  sought. 
Proteolytic  activity  isolated  from  the  hypothalamus  and  pituitary  have  been 
found  and  are  being  characterized  at  the  dH  known  to  exist  in  neurohypophyseal 
neurosecretory  granules. 

Neurophysin  mRNA  from  bovine  hypothalamus  has  been  found  to  occur  in 
two  size  classes.   One  class  is  several  times  larger  than  is  necessary  to 
code  for  the  17-23,000  dalton  protein  precursors  found  in  in  vitro  transla- 
tion products.   Both  size  classes  are  able  to  produce  the  17-23,000  dalton 
precursors  in  vitro.   Translations  in  the  presence  and  absence  of  the  cap 
analogue  7-methyl  guanosine  5 '-monophosphate  at  various  potassium  concentra- 
tions indicate  that  while  neurophysin  II  mRNA  is  capped,  neurophysin  I  mRNA 
isolated  from  frozen  tissue  is  not.   This  finding  suggests  a  possible  mode 
of  control  of  expression  of  neurophysin  I  in  the  hypothalamus.   (Chaiken, 
Feinstein,  Angal,  Hough,  Abercrombie,  Seeman) 

B.   Interactions  with  Ligands 

Competitive  zonal  elutions  of  radiolabelled  neurophysin  II  on  Met-Tyr- 
Phe-co-aminobutyl  agarose  and  Met-Tyr-Phe-co-aminobutyl  agarose  have  allowed 
the  estimation  of  equilibrium  constants  for  neurophysins.   The  affinity  of 
BNP  II  for  immobilized  tripeptide  increased  markedly  with  increasing  amounts 
of  applied  nrotein  as  well  as  with  the  addition  of  small  amounts  of  soluble 
ligand.   The  quantitative  affinity  chromatographic  data  were  consistent 
with  a  ligand-induced  dimerization  model  where  the  dimer  has  a  significantly 
greater  affinity  for  ligands.   The  formation  of  hybrid  dimers  of  BNP  I  and 
II  was  demonstrated.   Partially  digested  neurophysins,  though  immunochemically 
only  marginally  altered,  lost  all  hormone  binding  ability.   Neurophysin  II, 
mono-nitrated  at  Tyr-49,  was  synthesized  and  shown  to  be  capable  of  inter- 
action with  the  immobilized  tripeptide.   The  affinity  of  neurophysin  for 
itself  was  demonstrated  on  columns  of  neurophysin-Sepharose."   We  are  also 
probing  the  hormone  binding  site  of  BNP  II  in  order  to  determine  the  array 
of  protein  amino  acid  contributions  to  the  noncovalent  binding  of  ligand. 
The  principal  technique  that  has  been  used  is  photoaf f inity  labelling  of 
BNP  II  with  the  photolabile  tripeptide,  T.-methionyl-L-tyrosyl-p-azido-L- 
phenylalaninamide.   The  BNP  II  protein  photolabelled  in  the  hormone  binding 
site  was  analyzed  by  peptide  mapping  and  amino  acid  analysis  to  determine 
the  site  of  covalent  attachment  of  the  photoaf f inity  tripeptide.   (Chaiken, 
Angal,  Abercrombie) 
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Ill  Dynamics  of  Proteins 

A.  Theoretical  Developments 

A  model  for  protein  folding  has  been  developed  which  consists  of  three 
hypotheses:   1)  the  conformational  distributions  at  the  equilibrium  state 
is  a  function  of  the  solution  conditions,  2)  folding  is  an  equilibrium 
process  of  the  conformational  ensemble  under  physiological  conditions,  3) 
only  after  completion  of  folding  of  the  unit  of  the  amino  acid  sequence  the 
specific  coupling  of  interatomic  interactions  comes  into  existence  throughout 
the  structure  resulting  in  binding  the  polypeptide  chain  in  the  ordered 
state.   (Taniuchi) 

B.  Chemical  Synthesis  of  Cytochrome  c^ 

Substitution  of  evolutionarily  invariant  residues  of  cytochrome  c^  by 
chemical  synthesis  seems  to  be  effective  for  investigation  of  the  interatomic 
interactions  critical  for  stabilization  of  the  structure.   For  this  purpose, 
the  covalent  attachment  of  the  heme  group  to  the  apoprotein  or  apofragments 
is  required.   Since  the  thioether  bond  between  the  heme  group  and  the 
apoprotein  is  highly  stereochemically  specific  for  native  cytochrome  c_, 
chemical  attachment  of  the  heme  group  to  the  apoprotein  may  not  be  suitable 
for  synthesis  of  native  cytochrome  c_.   Therefore,  we  have  searched  for  the 
enzyme  catalyzing  the  covalent  bonding  of  the  heme  group  to  the  apoprotein 
and  found  cytochrome  c_  synthetase  in  yeast  mitochrondria  which  catalyzes 
the  formation  of  yeast  cytochrome  c_-like  species  from  the  apoprotein  in  the 
presence  of  hemin.   In  order  to  use  this  enzyme  for  the  chemical  synthesis 
of  cytochrome  c_  or  heme  fragments,  we  have  characterized  the  enzyme. 
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I-labeled  horse  apocytochrome  c_  was  incubated  with  yeast  mitochondria 

in  the  presence  of  hemin,  NADPH  and  an  ethanol  extract  of  the  postmitox, 
chondrial  fraction.   Using  a  modified  assay  procedure,  a  radioactive    I- 
labeled  cytochrome  c^-like  species  was  found  to  be  formed  in  yields  of  up  to 
26%  in  this  system.   This    I-labeled  synthesized  species  is  indistinguish- 
able from  horse  cytochrome  c_  by  ion-exchange  chromatography  resistance  in 
its  reduced  form  to  digestion  by  trypsin,  resistance  against  autoxidation, 
reduction  by  cytochrome  b   and  generation  of  apoprotein  after  treatment 
with  silver  sulfate  and  dithioeitol.   We  conclude  that  cytochrome  £  synthe- 
tase catalyzes  direct  bonding  of  heme  (or  hemin)  to  the  apoprotein.   Since 
the  amino  acid  sequence  between  horse  and  yeast  cytochrome  c_  varies  consider- 
ably, the  results  may  also  indicate  that  the  amino  acid  sequence  recognized 
by  cytochrome  c_  synthetase  may  represent  a  limited  region (s)  of  the  apo- 
protein.  (Taniuchi,  Veloso) 

C.  Fragment  Complexes  of  Cytochrome  c^ 

In  our  previous  studies  of  the  folding  mechanism  of  cytochrome  c^  using 
complementary  fragments,  we  have  shown  (by  means  of  stopped-flow  techniques), 
that  it  is  possible  to  resolve  the  complementation  (folding)  process  into 
consecutive  kinetic  events  and  to  identify  some  of  the  structural  changes 
associated  with  those  events.   These  experiments  were  performed  at  a  constant 
temperature,  25°C.   We  have  now  completed  a  study  of  the  temperature 
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dependence  of  the  rate  constants  (both  forward  and  reverse)  for  the  comple- 
mentation of  heme  fragment  (1-25)H  with  apofragment  (23-104)  (productive 
complex)  and  with  apofragment  (39-104)  (nonproductive  complex) .   Equilibrium 
data  for  the  thermal  unfolding  of  these  complexes  have  also  been  determined. 
Utilizing  both  types  of  data,  activation  parameters  for  the  various  transition 
states  as  well  as  apparent  changes  in  the  standard  thermodynamic  functions 
accompanying  each  kinetic  phase  have  been  estimated.   A  temperature  jump 
study  of  the  reactions  involving  ligation  of  methionine  80  to  the  heme  iron 
in  native  cytochrome  £  as  well  as  in  a  productive  fragment  complex  has  also 
been  completed. 

The  conformational  dynamics  of  a  biologically  active,  non-covalent 
complex  containing  ferro  heme  fragment  (1-25)H  and  apofragments  (28-38)  and 
[H] (56-104)  (or  [H] (39-104))  of  horse  cytochrome  £  has  been  studied.   The 
ferrous  three-fragment  complex  exhibits  a  higher  frequency  of  dissociation- 
association  with  fragment  (28-38)  and  a  lower  frequency  of  overall  unfolding- 
folding.   In  the  presence  of  excess  of  free  (28-38)  and  below  30  C  unfolding 
of  the  ferrous  three-fragment  complex  occurs  mostly  without  going  through 
complex  (1-25)H: (56-104)  which  is  an  intermediate  for  folding.   Above  30  C 
the  unfolding  via  complex  (1-25)H: (56-104)  becomes  detectable.   The  ground 
state  of  the  complex  appears  to  be  maintained  by  a  cooperative  mode  of 
interatomic  interactions  operative  throughout  the  three-dimensional  structure 
which  may  be  disrupted  upon  activation.   The  results  of  chemical  substitution 
of  evolutionarily  invariant  Leu  32  and  variant  Leu  35  of  (28-38)  have 
implicated  that  such  global  cooperative  interactions  would  be  disrupted  if 
Leu  32  is  substituted  by  lie,  Val  or  Phe  but  maintained  if  Leu  35  is  replaced 
by  lie.   This  would  give  the  molecular  basis  for  the  evolutionary  invariance 
of  Leu  32.   (Taniuchi,  Parr,  Juillerat) 

D.   Semisynthesis  of  Ribonucleases 

The  research  program  has  continued  to  use  protein  studies  through 
chemical  semisynthesis  to  obtain  correlates  between  the  primary  structure 
of  proteins  and  their  higher  order  properties  of  folding  and  resultant 
biological  function.   X-ray  crystallographic  studies  have  progressed  on  two 
semisynthesis  products,  [4-F-His  12,  des  16-20] SRNaseS'  and  [Ala  1,3, 
9,11 ,14 ,15] SRNaseS' .   The  study  of  these  analogues  of  bovine  pancreatic 
ribonuclease  has  provided  insight  into  the  mode  whereby  sequence  on  the 
amino  terminal  region  of  this  enzyme  promotes  conformation  and  catalytic 
function.   (Chaiken) 


MOLECULAR  AND  CELLULAR  BIOLOGY 

IV.   Sickle  Cell  Anemia 

A.   Intracellular  Polymerization  of  Hemoglobin  S 

Intracellular  gelation  of  deoxyhemoglobin  S  is  believed  to  cause  the 
sickling  of  SS  erythrocytes.   We  use   C/  H  double  nuclear  magnetic  resonance 
(NMR)  to  quantitate  the  amount  of  intracellular  polymer  formed  as  a  function 
of  oxygen  saturation.   We  found  that  for  SS  erythrocytes  polymer  could  be 
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detected  at  high  oxygen  saturation  (>90%)  and  increased  with  decreasing 
oxygen  saturation,  in  excellent  agreement  with  theoretical  calculations 
based  on  the  high  intracellular  hemoglobin  S  concentration  (34  g/dl)  where 
non-ideality  effects  must  be  considered.   We  are  now  fractionating  the 
whole  cell  population  to  characterize  the  effect  of  cell  heterogeneity  on 
intracellular  polymerization.   In  studies  of  the  other  sickle  syndromes  we 
found  that  for  AS  erythrocytes,  polymer  was  detected  below  60%  oxygen 
saturation,  increasing  to  0.4  of  the  total  hemoglobin  at  complete  deoxygena- 
tion.   This  is  in  agreement  with  pol3aner  fraction  derived  on  the  basis  of 
AS  hemolysate  solubility  measurements.   We  are  also  using   PNMR  to  obtain 
additional  information  about  intracellular  polymerization  such  as  the 
extent  of  ligand  incorporation  in  the  polymer.   In  general,  these  studies 
will  be  useful  for  evaluation  of  therapeutic  strategies.   (Schechter, 
Noguchi) 

B.  Thermodynamics  of  Hemoglobin  S  Polymerization 

The  aim  of  this  project  is  the  thermodynamic  characterization  of  the 
polymerization  (gelation)  of  sickle  cell  hemoglobin.   We  have  shown  that 
osmotic  stress  of  deoxyhemoglobin  S  solutions  can  create  the  gel  state  and 
that  the  chemical  potentials  of  these  preparations  can  be  measured  both 
below  and  above  the  gel  phase  transition.   The  information  so  obtained 
should  yield  the  enthalpy  and  entropy  of  gelation,  better  assays  of  gelation 
inhibiting  ligands,  a  measure  of  molecular  contact  energies,  and  data  to 
test  theories  of  deoxyhemoglobin  S  polymerization  and  alignment.   (Schechter, 
Prouty) 

C.  Inhibition  of  Hemoglobin  S  Polymerization 

Peptide  inhibitors  of  deoxyhemoglobin  S  gelation  have  been  tested 
using  equilibrium  solubility  and  kinetic  assays  of  sickle  hemoglobin  gelation. 
Dipeptides  which  inhibit  gelation  do  so  primarily  by  the  contribution  of 
hydrophobic  residues  with  L-Trp>L-Tyr>L-Phe>L-leu>L-Ile>L-Val.   Other 
peptides  have  been  designed  using  computer  graphics  to  study  the  inter- 
molecular  contacts  present  in  the  crystal  structure.   Tripeptides  which 
mimic  residues  in  the  side-to-side  contact  have  been  synthesized  and  tested 
and  are  capable  of  inhibiting  deoxyhemoglobin  S  gelation.   The  mechanism  of 
action  of  these  peptides,  i.e.,  whether  they  are  acting  as  stereospecif ic 
competitive  inhibitors  of  sickle  hemoglobin  polymerization,  is  being  studied 
by  the  X-ray  difference  Fourier  method  and  spectroscopic  methods  to  facilitate 
the  design  of  better  inhibitors. 

We  are  using  a  solubility  assay  at  high  phosphate  concentration  to 
determine  whether  artificial  hemoglobins  A  and  S  are  different  from  each 
other.   We  have  changed  the  central  metal  in  the  porphyrin  of  the  heme 
group  in  both  hemoglobins  and  are  studying  the  effects  of  high  phosphate  on 
these  reconstituted  hemoglobins.   These  studies  will  allow  us  to  determine 
whether  any  of  our  recent  findings  of  subtle,  but  significant,  conformational 
changes  in  copper,  zinc,  nickel  and  protoporphyrin  IX  hemoglobins  A  affect 
the  solubility  of  this  or  the  reconstituted  hemoglobin  S  form.   This  infor- 
mation is  relevant  to  understanding  the  molecular  mechanisms  of  hemoglobin 
aggregation,  especially  for  sickle  cell  hemoglobin.   (Schechter,  Noguchi, 
Ackerman,  Alston,  Friedman) 
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V.   Erythroid  Cell  Biology 

A.  Hemoglobin  Synthesis  in  Cultured  Erythroid  Cells 

The  globin  gene  family  has  proved  to  be  a  very  fruitful  model  system 
for  the  study  of  the  structure,  organization  and  control  of  the  eukaryotic 
genome.   Different  hemoglobins,  each  composed  of  two  a-like  and  two  6-like 
globin  polypeptides  appear  sequentially  in  the  circulation  during  the 
development  of  many  animals.   These  changes  are  brought  about  by  differential 
expression  of  the  various  globin  genes.   However,  the  mechanism  by  which 
individual  genes  become  active  at  different  times  and  to  different  extents 
is  not  well  understood.   We  are  using  the  human  K562  cell  line  as  a  model 
system  to  study  this  problem.   This  cell  line  is  capable  of  producing  fetal 
and  embryonic  hemoglobins  when  treated  with  hemin  in  culture.   To  characterize 
and  quantitate  hemoglobin  synthesis  in  K562  cells  under  various  conditions, 
we  are  using  gel  electrophoresis  and  spectrophotometric  methods.   The 
molecular  basis  of  the  effects  of  inducers  of  hemoglobin  synthesis  in  K562 
cells  is  being  investigated  at  the  level  of  globin  mRNA  production  by  RNA- 
DNA  hybridization,  using  specific  cloned  cDNA  and  genomic  globin  probes. 
Through  these  studies  we  are  describing  in  detail  some  aspects  of  the 
process  of  gene  activation  in  cultured  cells. 

The  structure  and  entire  sequence  of  the  human  globin  genes  have 
previously  been  analysed  but  the  function  of  their  suspected  regulatory  or 
control  regions  have  to  be  tested  in  mammalian  cells.   Using  recombinant 
plasmids,  we  are  attempting  to  introduce  human  6-globin  genes  into  the 
human  K562  cells.   In  preparation  for  this  transf ection,  the  vector  with 
the  selected  DNA  insert  has  been  isolated  and  amplified  in  E^.  coli.   Selected 
transfected  K562  cells  will  be  analysed  for  the  expression  of  the  6-globin 
gene  and  its  responsiveness  to  inducers  of  hemoglobin  synthesis.   (Schechter, 
A.  Dean,  Erard) 

B.  Hemoglobin  Degradation  in  Erythroid  Cells 

We  are  investigating  the  mechanism  of  hemoglobin  degradation  in  erythroid 
cells.   The  systems  under  study  are  K562  cells,  erythrocytes,  and  erythrocytes 
infected  with  malarial  parasites.   Detection,  characterization,  and  facility 
in  handling  the  degradative  products  is  essential,  as  is  availability  of 
specific  peptide  fragments  to  use  as  substrates  for  cellular  proteases. 
Several  types  of  fragments  from  hemoglobin  have  therefore  been  generated. 
To  produce  these  from  the  individual  hemoglobin  subunits,  new  methodology 
was  developed  or  adapted.   A  new  method  for  preparation  of  the  separated 
chains  of  apohemoglobin  was  developed.   It  yields  a  and  8  globin  chains  by 
fractionation  of  apohemoglobin  in  acid  via  hydrophobic  interaction  chromatog- 
raphy raphy  on  octylagarose.   Specific  peptide  fragments  were  produced  by 
cleavage  of  the  chains  with  cyanogen  bromide  or  the  arginine-specif ic 
proteases,  clostripain,  and  these  were  partially  purified.   To  increase  the 
sensitivity  of  detection,  tritium  labeled  hemoglobin  was  prepared  and 
conditions  for  resolution  of  its  tryptic  peptides  by  reversed  phase  high 
performance  liquid  chromatography  were  determined. 

The  mouse  red  cell  malarial  parasite  P.  berghei  was  examined  for 
proteolytic  activity.   Parasite  extracts  were  assayed  by  incubation  with 
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tritium  labeled  mouse  hemoglobin  and  protease  activity  measured  by  the 
trichloroacetic  acid-soluble  radioactive  counts.   Maximum  activity  was  at 
pH  4-5  but  partial  activity  was  present  at  neutral  pH.   When  the  extract 
was  fractionated  on  DEAE-cellulose,  a  neutral  pH  proteolytically  active 
fraction  was  obtained.   (Schechter,  Friedman,  Alston) 

C.  Membranes  of  Erythroid  Cells 

13 
Natural  abundance   C  nuclear  magnetic  resonance  methods  have  been 

previously  used  by  this  laboratory  to  study  intracellular  gelation  of 
sickle  hemoglobin.   In  the  present  project  we  have  extended  this  work  to 
characterize  the  proton-enhanced  NMR  spectrum  of  normal  red  cells.   We 
found  that  normal  erythrocytes  display  a  reproducible  spectrum  attributable 
to  physically  immobilized  membrane  lipid  and  immobilized  membrane-associated 
protein,  presumably  cytoskeleton.   Binding  of  hemoglobin  to  membrane  was 
not  detected.   This  technique  should  be  useful  in  further  studies  of  erythro- 
cyte physiology  and  the  physiology  of  nucleated  cells.   (Schechter,  Ackerman, 
Noguchl) 

VI.   Paramecium  Proteins 

A.   Immobilization  Antigens,  Mating- type  Substances  and  Hemoglobins 

This  project  represents  study  of  a  new  i-antigen  (c)  from  P^.  multimlcro- 
nucleatum.   It  shows  a  striking  homology  to  the  A  antigen  from  the  P^. 
tetraurelia  series  in  several  of  its  properties.   Thus,  in  molecular  weight 
(295,000  vs.  305,000),  isoelectric  point  (pi  of  4.15  vs.  pi  4.12)  and  amino 
composition  (compositional  divergence  D  =  2.08)  the  203C  antigen  and  51A 
antigen -are  virtually  identical. 

Our  results  show  a  clear  relationship  between  IgG  (Fab)  cross-linking 
and  "capping"  and  mating  reactivity.   The  restoration  of  mating  reactivity 
in  Fab  treated  cells  by  capping  suggests  that  membrane  fluidity  (or  membrane 
modulation)  may  be  necessary  for  mating  activity  in  paramecium.   These 
preliminary  observations  are  currently  being  extended  by  testing  the  effects 
of  various  agents  which  are  known  to  1)  Induce  membrane  modulation  (capping) 
or  2)  inhibit  modulation  (anchorage)  on  the  various  states  of  mating  reac- 
tivity in  P^.  multimlcronucleatum. 

The  hemoglobin  Isolated  from  P^.  caudatum  described  in  this  project  is 
a  single  molecular  species,  but  shows  close  homology  to  the  other  hemoglobins 
in  certain  of  its  properties.   Oxygen  binding  and  spectral  properties  of 
several  ferrous  and  ferric  derivatives  are  essentially  Identical  to  the 
other  paramecia  hemoglobins.   The  P^.  caudatum  hemoglobin  has  a  molecular 
weight  of  13,500  daltons,  smaller  than  that  calculated  for  P.  tetraurelia 
(15,500)  and  significantly  smaller  than  the  monomeric  forms  of  most  hemo- 
globins and  myoglobins  (16,000-17,000).   P.  caudatum  hemoglobin  shows  fewer 
basic  residues  than  the  P^.  tetraurelia  hemoglobins  (10  vs.  19)  while  both 
have  nearly  the  same  number  of  acidic  residue  (29  vs.  33).   (Steers,  Barnett, 
Lee) 
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DEVELOPMENTAL  BIOLOGY 
VII.   Early  Mammalian  Development 

A.  Processing  of  Sperm  Nuclei  by  Mouse  Oocytes 

We  are  investigating  the  mechanism  by  which  the  mammalian  egg  processes 
sperm  chromatin  prior  to  the  expression  of  the  male  genome  in  early  embryo- 
genesis.   During  spermatogenesis  the  somatic  histones  are  replaced  by 
cysteine-rich  protamines  which  form  the  nucleus  into  a  morphologically 
dense  structure.   When  isolated,  these  nuclei  are  extraordinarily  resistant 
to  chemical,  physical  and  enzymatic  attack.   However,  upon  penetration  into 
the  egg's  cytoplasm,  the  nuclei  are  rapidly  processed  in  a  series  of  reactions 
that  include  the  reduction  of  disulfide  bonds,  the  decondensation  of  the 
nuclei  and  the  reconstitution  of  the  DNA  onto  somatic  histones.   We  have 
used  staphylococcal  nuclease  as  a  probe  of  the  structure  of  sperm  nuclei. 
After  isolation,  the  nuclei  are  completely  resistant  to  digestion  with 
staphylococcal  nuclease.   However,  after  reduction  and  alkylation,  35%  of 
the  nuclear  DNA  can  be  digested  and  these  digestion  products  have  a  hetero- 
disperse  pattern  on  agarose  gel  electrophoresis.   After  incubation  with  a 
three-fold  excess  of  polyglutamic  acid,  not  only  do  the  nuclei  decondense 
morphologically  but  more  than  85%  of  their  DNA  can  be  digested  by  nuclease. 
There  is  still  a  heterodisperse  pattern  of  their  digestion  products.   When 
both  polyglutamic  acid  and  avian  red  blood  cell  histones  are  added  to 
reduced  and  alkylated  nuclei  in  a  weight  ratio  of  3.0  to  0.75  and  incubated 
at  37  C  for  6  hours,  the  nuclei  decondense.   Furthermore,  using  nuclease  as 
'a  probe  we  have  demonstrated  that  the  DNA  is  reconstituted  onto  the  somatic 
histones  and  the  digestion  products  now  have  a  characteristic  nucleosome 
pattern.   (j.  Dean) 

B.  Gene  Expression  in  the  Maturing  Oocyte 

The  zona  pellucida  is  a  glycocalyx  that  surrounds  the  maturing  mammalian 
oocyte.   Using  a  murine  follicle  culture,  we  have  demonstrated  the  biosynthesis 
of  the  zona  in  vitro  and  shown  that  its  synthesis  can  be  inhibited  by  FSH 
and  LH.   The  zona  pellucida  is  comprised  of  three  major  sulfate-containing 
glycoproteins  which  have  been  isolated  by  high  performance  liquid  chromatog- 
raphy.  As  demonstrated  on  two-dimensional  O'Farrell  gels,  each  glycoprotein 
has  marked  charge  and  size  heterogeneity  which  can  be  eliminated  by  pre- 
incubation with  tunicamycin.   We  are  now  undertaking  studies  to  determine 
the  mechanism  of  control  of  the  expression  of  the  genes  coding  for  these 
three  macromolecules  as  well  as  the  role  that  the  gene  products  play  in  the 
species-specific  sperm  binding.   (J.  Dean,  Tsuji) 
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Project  Description: 

The  major  component  of  human  lymphoblastoid  interferon,  isolated  and 
purified  as  described  in  last  year's  annual  report  (ZOl  AM  25,000-07  LCB), 
has  been  further  studied  in  an  effort  to  complete  the  chemical  determination 
of  the  amino  acid  sequence.   Further  supplies  of  this  component  are  no 
longer  available  in  significant  quantities  since  our  collaborative  arrangement 
with  the  pilot  plant  at  Fort  Detrick  -  Litton  Industries  -  has  been  temporarily 
(and  possibly  permanently)  halted.   Enough  purified  interferon  was  on  hand, 
however,  to  supply  Drs.  L.E.  Hood  and  M.  Hunkapiller  at  the  California 
Institute  of  Technology  with  working  material  to  complete  their  high  sensi- 
tivity sequenator  work.   The  CalTech  group  have  completed  at  least  75%  of 
the  sequence  and  will,  hopefully,  complete  the  remainder  in  the  coming 
months.   The  sequence  already  available  makes  it  possible  to  conclude  that 
there  exists  a  very  high  level  of  homology  with  the  10  or  more  available 
leukocyte  sequences. 

Structure-Function  Studies  and  Attempts  to  Develop  Chemical  Synthesis: 
The  remarkable  success  of  the  use  of  DNA  recombinant  methods  for  the  prepara- 
tion and  sequencing  of  leukocyte  and  fibroblast  interferons,  together  with 
the  likelihood  that  E^.  coli  clones  will  supply  adequate  amounts  of  interferon 
for  clinical  trials,  has  led  us  to  halt,  at  least  temporarily,  our  efforts 
to  produce  large  amounts  of  lymphoblastoid  interferon  in  cultures  of  human 
cells.   Instead,  we  are  now  concentrating  on  the  chemical  synthesis  of  frag- 
ments of  the  interferon  sequence  with  the  purpose  of  defining  the  structural 
segments  of  the  molecule  required  for  formation  of  antigenic  determinants,  for 
binding  and  for  biological  activity.  'We  may  also  find  a  fully  active  fragment 
that  is  significantly  smaller  than  the  166  amino  acids  sequence  of  leucocyte 
interferons . 

In  our  initial  synthetic  work  we  applied  the  most  up-to-date  Merrifield 
solid-phase  methodology  to  synthesize  the  N-terminal  fragments  1-26  and  1-22 
and  the  C-terminal  fragments  121-166,  142-166  and  151-166.   Fragment  27-166 
was  also  synthesized  in  order  to  study  feasibility  of  preparing  long  poly- 
peptides.  In  the  synthesis  of  27-166,  a  fairly  low  yield  (''^3%)  was  observed 
for  material  of  the  correct  molecular  weight.   Nevertheless,  enough  material 
is  available  to  determine  the  conditions  which  allow  optimum  refolding  of  the 
synthetic  polypeptide  to  a  native-like  conformation.   These  studies  may 
result  in  preparations  capable  of  producing  anti-viral  activity.   The  long 
fragments  have  been  shown  to  react  with  antibodies  to  native  interferon  and 
also  to  inhibit  the  binding  of  labelled  native  interferon  to  crude  cell 
surface  receptor  preparation.   While  these  results  are  helpful  for  our 
purpose  of  relating  unique  structural  features  to  specific  functions,  it  is 
evident  that  we  need  alternative  synthetic  methods  capable  of  producing 
higher  yields  and  more  chemically  and  chirally  pure  peptides. 

The  development  of  new  methods  of  peptide  synthesis  is  of  general  and 
fundamental  value  apart  from  their  immediate  application  to  the  synthesis 
of  interferon  fragments.   Using  a  variety  of  conditions  such  as  organic  co- 
solvents  or  carefully  selected  pH  and  substrate  concentration,  the  reversa- 
bility  of  proteolytic  enzyme  reactions  may  be  exploited  to  synthesize 
polypeptides  in  aqueous  phase.   The  use  of  such  enzymatic  methods  will 
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avoid  the  necessity  of  using  extensive  side  chain  protecting  groups  and 
harsh  deblocking  reagents. 

Work  in  this  laboratory  has  recently  sho^'m  that  medium  to  large  frag- 
ments of  protein  chains  may  be  "stitched"  together  using  trypsin.   We  are 
now  examining  the  use  of  chymotrypsin,  subtilisin,  etc.  for  this  purpose. 
We  are  also  planning  the  use  of  antibodies  to  make  feasible  coupling  of 
fragments  that  do  not  form  noncovalent  complexes.   Furthermore,  we  are 
attempting  to  develop  a  novel  method  of  enzymatic  solid-phase  synthesis  in 
order  to  produce  fragments  where  each  peptide  bond  would  be  formed  in  an 
enzyme  catalyzed  fashion.   This  would  ensure  total  chiral  purity  of  the 
product,  as  well  as  high  chemical  purity  since  the  use  of  protecting  groups 
would  be  very  limited  due  to  the  high  structural  specificity  of  the  enzymes 
used  as  coupling  reagents.   Since  the  enzymatic  reactions  are  carried  out 
in  aqueous  phase,  we  are  now  involved  in  developing  and  testing  protecting 
groups,  solid-phase  supports  and  spacers,  as  well  as  anchor  molecules 
compatible  with  this  media. 

Publication: 

Anfinsen,  C.B.:   Human  interferon.   Interdisciplinary  Science  Reviews, 
in  press. 

Papers  previously  listed  as  in  press: 

Zoon,  K.C.,  Smith,  M.E.,  Bridgen,  P.J.,  zur  Nedden,  D.  ,  Miller,  D.M. 
and  Anfinsen,  C.B.:   Ann.  N.Y.  Acad.  Sci.  350:   390-398,  1980. 
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Project  Description: 

Objectives :  With  the  isolation  and  comparison  of  several  i-antigens 
from  Paramecium  tetraurelia,  a  series  of  studies  was  begun  on  the  surface 
antigens  of  a  second  species  of  ciliate  -  P_.  multimicronucleatum. 

Methods  Employed :   Paramecia  are  grown  on  a  grass  infusion  medium 
inoculated  with  Klebsiella  cloacae  and  maintained  in  5  gallon  carboys. 
Several  carboys  (8-10)  are  harvested  by  passing  the  culture  fluid  through  a 
commercial  cream  separator  followed  by  low-speed  crntrifugation  in  a  clinical 
centrifuge.   The  packed  cells  are  extracted  and  the  resulting  supernatent 
is  fractionated  by  a  combination  of  airanonium  sulfate  precipitation  and  ion- 
exchange  chromatography.   A  final  purification  step  is  carried  out  using 
isoelectric  focusing. 

Purified  i-antigen  was  studied  using  a  variety  of  techniques  including 
immunodiffusion,  analytical  ultracentrifugation  and  automated  amino  acid 
analyses.   Antigen  purified  by  the  conventional  procedures  outlined  above 
was  used  to  raise  specific  immune  sera  in  rabbits.   Immunoaf f inity  columns 
were  prepared  for  the  simpler,  larger  scale  purification  of  antigen  as  well 
as  the  separation  of  antigens  which  are  nearly  identical  in  physical- 
chemical  properties  but  fail  to  cross-react  immunologically. 

Major  Findings:  The  studies  which  have  been  carried  out  to  date  on 
the  serotype  system  of  Paramecia  clearly  show  that  each  serotype  of  this 
protozoan  has  an  immunologically  specific  surface  antigen  associated  with  it. 

This  project  represents  a  new  i-antigen  (c)  from  a  previously 
unexamined  species  of  Paramecium.   I'Jhile  this  surface  antigen  is  from  a 
different  species,  it  shows  a  striking  homology  to  the  A  antigen  from 
the  P^.  tetraurelia  series  in  several  of  its  properties.   Thus,  in  molecular 
weight  (295,000  vrs.  305,000),  isoelectric  point  (pi  of  4.15  was  pi  4.12) 
and  amino  composition  (compositional  divergence  D  =  2.08)  the  203C  antigen 
and  51A  antigen  are  virtually  identical. 

This  apparent  homology  of  structure  (and  presumably  sequence)  supports 
the  intuitive  conclusion  that  the  surface  i-antigens  which  occur  throughout 
the  paramecia  share  a  common  evolutionary  origin.   Whether  i-antigens  from 
different  species  may  reflect  closer  sequence  homology  than  i-antigens 
controlled  by  different  loci  within  a  species  can  only  be  answered  by 
sequence  analysis.   The  results  of  this  project,  however,  clearly  show 
that  the  i-antigen  from  Paramecium  multimicronucleatum  is  structurally 
homologous  to  the  i-antigens  characterized  in  the  other  species  already 
reported. 

Proposed  Course:   Further  characterization  of  the  surface  i-antigens 
from  P_.  multimicronucleatum  is  proposed.   These  studies  will  include  an 
immunological  analysis  of  each  antigen  together  with  the  standard  physical 
and  chemical  comparisons  on  the  native  and  denatured  molecules.   In  addition, 
a  comparison  of  partial  sequence  between  the  i-antigens  isolated  to  date  is 
planned. 
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Publication: 

Steers,  E.,  Jr.,  and  Barnett,  A.L. :   Isolation  and  characterization  of  an 
immobilization  antigen  (C)  from  Paramecium  multimicronucleatum.   Comp. 
Biochem.  Physiol.  (1981),  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  considerable  literature  has  been  developed  recently  describing  a  wide 
range  of  invertebrate  hemoglobins.   Among  the  more  interesting  questions  which 
have  emerged  from  this  literature  concerns  the  possible  descent  of  an  ancestral 
hemoglobin-like  molecule  as  seen  throughout  the  invertebrates. 

While  Lhe  distribution  of  hemoglobin-like  proteins  appears  to  be  widespread 
within  the  animal  kingdom,  its  presence  in  the  protozoa  has  been  reported  in 
only  two  instances.   The  present  project  describes  the  purification  and  char- 
acterization of  a  single  hemoglobin  species  from  Paramecium  caudatum. 
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Project  Description: 

Objectives:   The  objective  of  this  project  is  to  extend  our  previous 
studies  on  the  isolation  and  purification  of  invertebrate  hemoglobins  with 
a  second  species  P_.  caudatum.   In  addition,  a  coinparison  of  the  biological 
and  chemical  properties  of  the  several  (eight)  different  hemoglobin  forms 
from  three  species  is  underway. 

Methods  Employed :   Methods  were  adapted  for  large  scale  cultures  of 
Paramecium  on  grass  extracts  in  5  gallon  carboys.   The  harvested  cells 
(usually  100  liters)  were  homogenized  in  a  raffinoise  -  phosphate  buffer 
after  which  the  supernatent  was  fractionated  by  ammonium  sulfate  precipita- 
tion.  The  hemoglobin  containing  precipitate  was  further  fractionated  on 
Sephadex  gel  filtration  for  the  heme-protein  mixture. 

A  final  step  in  purifying  the  individual  heme-proteins  required  either 
eluting  the  separated  heme-containing  zones  from  polyacrylamide  disc  gels 
or,  alternatively,  fractionating  the  hemoglobins  by  isoelectric  focusing  in 
a  sucrose  gradient  over  a  narrow  pH  range  (3.5-6.0), 

The  purified  hemoglobin  was  characterized  for  size  by  SDS-PAGE  and 
by  analytical  ultracentrifugation  and  for  amino  acid  composition  on  an 
automated  analyzer.   Antisera  was  prepared  against  a  partially  purified 
fraction  (G-50  fraction)  by  subcutaneous  injection  into  rabbits. 

Double  diffusion  in  agar  was  carried  out  between  immune  sera  and 
hemoglobin  samples  separated  on  PAG. 

Major  Findings:   To  date  eight  hemoglobins  have  been  isolated  from 
three  different  species  of  Paramecia  all  showing  close  homology  in  their 
physical  and  chemical  properties.   In  two  of  the  species,  multiple  forms 
exist.   In  P_.  tetraurelia,  five  electrophoretic  variants  exist  and  in  P_. 
primaurelia,  two  forms  exist.   The  hemoglobin  isolated  from  P_.  caudatum 
described  in  this  project  is  a  single  molecular  species,  but  shows  close 
homology  to  the  other  hemoglobins  in  certain  of  its  properties.   Oxygen 
binding  and  spectral  properties  of  several  ferrous  and  ferric  derivatives 
are  essentially  identical  to  the  other  paramecia  hemoglobins. 

The  P_.  caudatum  hemoglobin,  however,  shows  significant  differences 
in  both  molecular  weight  and  amino  acid  composition.   The  caudatum  hemoglobin 
has  a  molecular  weight  of  13,500  daltons,  smaller  than  that  calculated  for 
P_.  tetraurelia  (15,500)  and  significantly  smaller  than  the  monomeric  forms 
of  most  hemoglobins  and  myoglobins  (16,000-17,000).   The  most  striking 
difference  results  from  the  amino  acid  analyses  and  is  reflected  in 
certain  residue  classes.   P_.  caudatum  hemoglobin  shows  fewer  basic 
residues  than  the  P_.  tetraurelia  hemoglobins  (10  vrs.  19)  while  both 
have  nearly  the  same  number  of  acidic  residue  (29  vrs.  33). 

The  preponderance  of  acidic  residues  is  reflected  in  the  caudatum 
isoelectric  point  of  pl  of  4.27.   A  final  observation  which  results  from 
this  study  is  seen  in  the  yield  of  hemoglobin  from  P_.  caudatum.   P^. 
tetraurelia  shows  relatively  low  levels  of  hemoglobin  and  considerable 
variation  from  cell  lot  to  lot,  while  the  P_,  caudatum  system  consistently 
averaged  lOX  the  level  of  tetraurelia. 

As  yet,  the  biological  roll  of  these  invertebrate  hemoglobins  is  not 
understood. 
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Significance  to  Biomedical  Research:   Many  invertebrate  hemoglobins 
and  myoglobins  have  been  identified  from  a  variety  of  sources.   This  project 
represents  the  first  instance  of  a  protein  of  this  class  being  identified 
in  the  protozoa.   Of  special  interest  is  the  role  of  this  molecule  (and  its 
variant  forms)  in  unicellular  organisms.   Among  the  objects  of  this  study 
is  the  possible  evolutionary  role  these  hemoglobins  may  have  in  the  possible 
descent  of  an  ancestral  hemoglobin-like  molecule  as  represented  in  the 
invertebrates . 

Proposed  Course:   We  propose  to  study  various  other  species  of  protozoa 
including  paramecia  for  such  hemoglobin-like  molecules  as  described  here. 
We  also  are  beginning  primary  sequence  analysis  of  certain  of  the  forms 
already  purified. 

Publications : 

Steers,  E.,  Jr.,  Barnett,  A.L. ,  and  Lee,  C.E.:   Isolation  and 
characterization  of  the  hemoglobin  from  Paramecium  caudatum. 
Comp.  Biochem.  and  Physiol.  (1981),  in  press. 
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SUMMARY   OF   WORK    (200   words   or   less   -   underline    keywords) 

The  research  program  has  continued  to  use  protein  studies  through 
chemical  semisynthesis  to  obtain  correlates  between  the  primary  structure 
of  proteins  and  their  higher  order  properties  of  folding  and  resultant 
biological  function.   X-ray  crystallographic  studies  have  progressed  on 
two  semisynthesis  products,  [4-F-His  12,  des  16-20] SRNaseS'  and  [Ala  1,3, 
9,ll,14,15]SRNaseS' .   The  study  of  these  analogues  of  bovine  pancreatic 
ribonuclease  has  provided  insight  into  the  mode  whereby  sequence  on  the 
amino  terminal  region  of  this  enzyme  promotes  conformation  and  catalytic 
function. 
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Project  Description: 

Oblectives :   Chemical  synthesis  has  provided  a  fascinating  and 
increasingly  feasible  way  to  correlate  amino  acid  sequence  and  higher  order 
properties  of  peptides  and  proteins.   The  willful  alteration  of  amino 
acid  sequences  through  specifically  designed  analogs  rep'-esents  the  special 
appeal  of  synthesis.   While  limits  persist  in  the  size  of  polypeptides 
that  can  be  synthesized  routinely,  size  reduction  has  been  achieved  by 
defining  fragments  which  can  be  separated  from  native  proteins  and  later 
recombined  with  synthetically-derived  fragments  to  reform  a  native  or 
near-native  species.   Ribonuclease-S  semisynthesis  has  served  as  a  useful 
tool  both  for  developing  methods  of  semisynthesis  and  for  addressing 
particular  questions  about  the  nature  of  the  amino  acid  code  directing 
folding  and  function. 

Methods  Employed:   The  work  in  the  past  year  has  focused  primarily 
on  crystallization  of  semisynthetic  proteins  and  their  subsequent 
examination  fay  X-ray  diffraction  analysis. 

Major  Findings:   The  functionally  inactive  analogue,  [4-F-His  12, 
des  16-20] SRNaseS'  has  been  found  to  have  an  active  site  with  a  geometry 
essentially  identical  to  that  of  native,  active  enzyme.   The  presence  of 
an  "active"  conformation  in  the  inactive  derivative  emphasizes  the  critical 
role  of  His  12  in  phosphodiester  hydrolysis  but  lack  of  such  a  role  in 
nucleotide  substrate  binding  to  the  protein.   By  comparison,  an  analogue 
with  several  other  (non-His  12)  residues  altered,  namely  [Ala  1,3,9,11,14,15]- 
SRNaseS',  retains  functional  activity  and  conformation,  the  later  as 
judged  crystallographically.   The  mutability  of  many  of  the  residues  in 
the  amino  terminal  region  of  RNase  is  evident,  indicating  the  role  of 
these  in  providing  a-helical  conformational  propensity  for  the  protein  to 
fold  and  function. 

Significance  to  Biomedical  Research:   The  approach  of  chemical  synthesis 
generally,  and  semisynthesis  in  particular,  provides  an  effective  tool  for 
understanding  peptides  and  proteins  at  a  chemical  level.   The  work  on  this 
overall  project  is  designed  to  develop  and  use  this  methodology. 

Future  Directions:   It  is  the  intent  to  continue  synthesis  and  semi- 
synthesis  studies.   Work  will  emphasize  both  development  of  methods,  such 
as  enzymatic  reformation  of  peptide  bonds  using  proteases,  and  application 
to  specific  protein  and  protein  fragment  systems  under  study  in  the 
Laboratory  of  Chemical  Biology  and  collaboratively  with  other  groups. 

Publications: 

Taylor,  H.C.,  Richardson,  D.C.,  Richardson,  J.S.,  Wlodawer,  A.,  Komoriya, 
A.,  and  Chaiken,  I.M.:   "Active"  conformation  of  an  inactive  semisynthetic 
ribonuclease-S.   J.  Mol.  Biol.,  in  press. 
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Chaiken,  I.M. :   Chemical  basis  of  folding  and  function:   From 
nucleases  to  neurophysins .   In  Goldberger ,  R.  and  Schechter,  A.N.  (Eds.): 
Contributions  of  Chemical  Biology  to  the  Biomedical  Sciences.   Academic 
Press,  in  press. 


Chaiken,  I.M. :   Semisynthetic  peptides  and  proteins. 
Reviews  of  Biochemistry,  in  press. 
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Komoriya,  A.,  Homandberg,  G.A. ,  and  Chaiken,  I.M. :   Enzymatic  fragment 
condensation  using  kinetic  traps.   In  Peptides  1980  -  Proc .  16th  European 
Peptide  Symposium,  K.  Brunfeldt,  Ed.,  Scriptor  Press,  1981,  pp.  378-382, 

Komoriya,  A.,  Homandberg,  G.A. ,  and  Chaiken,  I.M. :   Enzyme-catalyzed 
formation  of  semisynthetic  staphylococcal  nuclease  using  a  new  synthetic 
fragment,  [48-glycine]synthetic-(6-49) .   Internatl.  J.  Pept.  Prot.  Res. 
16:   433-439,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  project  is  part  of  a  continuing  program  to  develop  the  use  of 
quantitative  affinity  chromatography  for  the  characterization  of  macromolecular 
interactions.   Adsorbents  containing  immobilized  neuropeptide  hormones  and 


their  analogues  are  being  used  to  elucidate  the  binding  interactions  and 
ligand- induced  self -association  of  bovine  neurophysins, 
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Project  Description: 

Objectives:   1.   To  develop  the  theory  and  practice  of  quantitative 
affinity  chromatography  in  order  to  obtain  greater  insight  into  multivalent 
protein-ligand  interactions  and  the  structure  of  affinity  adosrbents. 
2.   To  approximate  better  the  physico-chemical  factors  influencing  neurophysin- 
neuropeptide  interactions  in  vivo . 

Methods  Employed:   Met-Tyr-Phe,  an  anlaogue  of  the  hormones  oxytocin 
and  vasopressin,  has  been  chemically  synthesized  and  coupled  to  agarose 
in  varying  concentrations  using  spacers  of  differing  lengths.   These 
adsorbents,  as  well  as  others  containing  lysine  vasopressin  and  bovine 
neurophysin  II  have  been  used  for  quantitative  affinity  chromatography 
involving  intact,  partially  digested  and  chemically  modified  neurophysins . 

Major  Findings:   Competitive  zonal  elutions  of  radiolabelled  neurophysin 
II  on  Met-Tyr-Phe-to-aminohexyl  agarose  and  Met-Tyr-Phe-oi-aminobutyl  agarose 
in  the  presence  and  absence  of  soluble  ligand  have  allowed  the  estimation 
of  equlibrium  constants  for  neurophysins.   The  affinity  of  BNP  II  for 
immobilized  tripeptide  increased  markedly  with  increasing  amounts  of  applied 
protein  as  well  as  with  the  addition  of  small  amounts  of  soluble  ligand.   The 
affinity  constant  of  the  protein  for  the  soluble  ligand  also  showed  an 
increase  dependent  on  protein  concentration  and  was  comparable  to  literature 
values.   The  quantitative  affinity  chromatographic  data  were  consistent 
with  a  ligand-induced  dimerization  model  where  the  dimer  has  a  significantly 
greater  affinity  for  ligands. 

The  formation  of  hybrid  dimers  of  BNP  I  and  II  was  demonstrated.   Partially 
digested  neurophysins,  though  immunochemically  only  marginally  altered,  lost 
all  hormone  binding  ability.   Neurophysin  II,  mono-nitrated  at  Tyr-49,  was 
synthesized  and  shown  to  be  capable  of  interaction  with  the  immobilized 
tripeptide.   The  affinity  of  neurophysin  for  itself  was  directly  demonstrated 
on  columns  of  neurophysin-Sepharose. 

An  adjunct  project  was  carried  out,  using  affinity  chromatography  and 
related  techniques,  on  the  interactions  of  myelin  basic  protein  with  anionic 
detergents. 

Significance  to  Biomedical  Research:   Quantitative  affinity  chromatography 
provides  an  attractive  alternative  for  studying  biologically  important 
interactions.   Its  ease,  speed  and  economy  of  often  expensive  materials 
should  make  it  an  important  tool  in  all  branches  of  biomedical  research. 

Proposed  Course  of  Pesearch:   1.   To  continue  to  study  the  effect  of 
protein  structure  and  conformation  on  binding  interactions  by  the  use  of 
quantitative  affinity  chromatography.   2.   To  extend  the  technology  of 
quantitative  affinity  chromatography  to  other  systems.   3.   To  investigate 
the  possibility  of  obtaining  rate  constants  by  affinity  chromatography. 
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Publications: 

Angal,  S.,  and  Chaiken,  I.M. :   Quantitative  affinity  chromatographic 
characterization  of  neurophysin-neuropeptide  interactions.   Federation 
Proceedings,  40:   1724,  1981. 

Burns,  P.F.,  Campagnoni,  C.W. ,  Chaiken,  I.M.,  and  Campagnoni,  A.T.: 
Interactions  of  free  and  immobilized  myelin  basic  protein  with  anionic 
detergents.   Biochem. ,  in  press. 
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SUMMARY    OF    WORK    (200    words    or    less   -    underline    keywords) 

As  part  of  a  continuing  study  of  the  neurophysin-peptide  hormone  system,  we 
are  probing  the  hormone  binding  site  of  BNP  II  in  order  to  determine  the  array 
of  protein  amino  acids  contributions  to  the  noncovalent  binding  of  ligand.   The 
principle  technique  that  has  been  used  is  photoaf finity  labelling  of  bovine 
neurophysin  II  (BNP  II)  with  the  photolabile  tripeptide,  L-methionyl-L-tyrosyl- 
p-azido-L-phenylalaninamide .   The  BNP  II  protein  photolabelled  in  the  hormone 
binding  site  was  analyzed  by  peptide  mapping  and  amino  acid  analysis  to  determin^ 
the  site  of  covalent  attachment  of  the  photoaf finity  tripeptide.   The  usefulness 
of  the  photoaff inity  labelling  technique  for  studying  the  hormone  binding  site 
of  neurophysin  proteins  in  general  was  demonstrated  by  reacting  the  photoaff init]^ 
tripeptide  with  BNP  I  and  a  fractionated  human  NP.   Additional  experiments  with 
photoaf finity  labelling  could  involve  further  chemical  characterization  of  the 
reaction  between  the  photoactivated  tripeptide  and  the  neurophysin  proteins. 
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Project  Description: 

Objectives :   The  major  objective  of  this  project  is  to  identify  the 
amino  acid  residues  of  the  neurophysin  proteins  which  make  up  the  neuro- 
hypophyseal hormone  binding  site.   Investigations  to  date  have  identified 
only  two  amino  acid  residues  of  the  neurophysins  as  contributing  to  the 
binding  site  area  of  the  protein.   The  first  residue  is  thought  to  be 
either  aspartic  acid-30  or  glutamic  acid-31  which  apparently  contribute  a 
carboxylate  moiety  for  bonding  electrostatically  to  the  alpha  amino  group 
of  the  hormone.   The  second  residue  implicated  by  spectroscopic  studies  is 
tyrosine-49,  although  the  exact  nature  of  this  residue's  contribution  to 
the  hormone  binding  site  is  still  uncertain.   We  are  currently  involved  in 
photoaff inity  labelling  of  the  binding  site  of  bovine  neurophysin  II  as  a 
means  of  further  elucidating  the  constituent  amino  acid  residues. 

Methods  Employed:   The  principle  technique  used  for  this  study  involves 
reacting  several  neurophysin  samples,  specifically  BMP  I,  BNP  II,  and  a 
partially  characterized  human  neurophysin,  with  the  photolabile  tripeptide, 
L-methionyl-L-tyrosyl-p-azido-L-phenylalaninamide  (MTpaP  amide).   The 
protein  to  be  labelled  and  the  photoaff inity  tripeptide  are  mixed  together 
at  pH  5.7  and  exposed  for  30-90  minutes  to  a  medium  pressure  mercury  lamp 
surrounded  by  a  Corex  glass  filter.   In  the  case  of  BNP  II,  the  photolabelled 
protein  was  further  purified  by  fractionating  the  protein  on  the  MTP-DAH 
agarose  affinity  matrix  used  originally  to  purify  the  neurophysin  protein. 
This  column  separates  the  protein  photolabelled  in  the  binding  site  from 
protein  photolabelled  at  sites  other  than  the  hormone  binding  site.   In 
order  to  localize  the  amino  acid  residue  of  the  BNP  II  hormone  binding  site 
that  serves  as  the  covalent  attachment  site  for  the  photoaff inity  tripeptide, 
the  binding  site  photolabelled  protein  was  subjected  to  peptide  mapping. 
Peptide  maps  were  obtained  by  fractionating  oxidized  and  trypsin  digested 
samples  on  a  reverse  phase  HPLC  column.   The  collected  fractions  correspond- 
ing to  the  major  peaks  eluted  from  the  column  were  analyzed  for  their  amino 
acid  content. 

Major  Findings:   The  major  findings  of  this  work  suggest  that  the 
photoaff inity  tripeptide  is  covalently  incorporated  into  the  BNP  II  hormone 
binding  site  with  a  stoichiometry  of  one  mole  of  tripeptide  per  mole  of 
protein.   The  results  of  the  peptide  mapping  and  subsequent  amino  acid 
analysis  indicates  that  tyrosine-49  is  the  binding  site  amino  acid  residue 
that  is  covalently  modified  by  the  photoaff inity  tripeptide.   The  interpre- 
tation of  this  result  is  that  tyrosine-49  is  either  very  close  to  or  within 
the  major  hormone  binding  site  of  BNP  II.   Additionally,  it  was  determined 
that  BNP  I  and  the  human  neurophysin  sample  incorporated  the  photoaff inity 
tripeptide  to  the  same  extent  as  BNP  II  under  identical  conditions  of 
photolysis.   This  suggested  that  the  MTpaP  amide  ligand  should  be  useful 
for  studying  the  binding  sites  of  neurophysin  proteins  in  general. 

Significance  to  Biomedical  Research:   The  neurophysin-neurohypophyseal 
hormone  system  is  an  excellent  model  for  studying  protein-peptide  interactions. 
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The  study  of  this  system  has  produced  a  greater  understanding  of  the  funda- 
mentals that  underlie  these  types  of  chemical  systems.   Continued  study 
could  ultimately  produce  a  more  complete  understanding  of  the  biosynthetic 
process  of  the  peptide  hormones,  oxytocin  and  vasopressin. 

Future  Directions:   Further  extension  of  this  project  could  involve 
further  investigation  of  the  chemical  reaction  between  the  activated  MTpaP 
amide  ligand  and  the  covalent  attachment  site  in  the  BNP  II  hormone  binding 
site.   More  information  in  this  area  may  prove  to  be  useful  for  making  more 
definitive  statements  about  the  structure  of  the  hormone  binding  site.   It 
may  also  be  possible  to  redesign  the  photoaff inity  label  to  probe  different 
regions  of  the  hormone  binding  site  by  placing  the  photoreactive  azido 
group  in  a  different  position  of  the  basic  MTP  tripeptide.   Finally,  it 
should  be  possible  to  use  the  photoaff inity  labelling  technique  to  investi- 
gate questions  about  the  self-association  process  of  the  neurophysin  proteins 
and  how  this  relates  to  the  structure  of  the  hormone  binding  site. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords] 

The  project  is  part  of  a  general  program  to  study  the  chemical  basis 
and  biosynthetic  origin  of  native  neurophysin  conformation  and  its 
association  with  neuropeptide  hormone. 

Native  neurophysin  modified  chemically  or  enzymatically  has  been  probed 
for  native  conformation  and  the  ability  to  bind  hormone  using  specific 
antibodies  and  affinity  chromatography.   Neurophysin  biosynthetic  precursors 
have  been  obtained  by  iji  vitro  protein  synthesis  and  probed  in  the  same  way. 

The  assignment  of  disulfides  in  neurophysin  has  been  attempted  in 
preparation  for  a  study  of  neurophysin  precursor  folding.   The  purification 
of  neurophysin  mRNA  for  efficient  translation  in  vitro  has  led  to  the 
elucidation  of  several  aspects  of  neurophysin  biosynthesis.   A  project  has 
been  initiated  to  isolate  proteases  from  hypothalamic  and  posterior  pituitary 
tissue  which  act  in  the  processing  neurophysin  biosynthetic  precursors. 
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Project  Description: 

Objectives :   1)  To  study  the  conformational  and  chemical  requirements 
of  neurophysin-neuropeptide  hormone  binding.   2)  To  study  the  biosynthetic 
origin  of  neurophysin-neuropeptide  hormone  association.   3)  To  study  the 
biosynthesis  of  native  neurophysin. 

Methods  Employed:   Purified  antibodies  have  been  used  as  probes  for 
the  native  conformation  of  neurophysin  by  radioimmunoassay  and  by  antibody 
coupled  Sepharose  column  chromatography.   Native  neurophysin  modified  by 
trypsin  digestion  and  neurophysin  biosynthetic  precursors  synthesized  in 
vitro  using  hypothalamic  mRNA  have  been  probed  and  isolated  by  these  methods. 
Gel  exclusion  high  performance  liquid  chromatography  (HPLC)  has  been  used 
to  further  purify  and  characterize  biosynthetic  precursors.   Reverse 
phase  HPLC  peptide  mapping  and  amino  acid  analysis  has  been  used  to  identify 
neurophysin  peptides.   The  ability  of  modified  neurophysin  and  its 
biosynthetic  precursors  to  bind  hormone  has  been  tested  by  the  use  of 
affinity  chromatography.   Extracts  of  hypothalamus  and  pituitary  have  been 
assayed  for  proteolytic  activities  that  may  be  involved  in  precursor 
processing  using  peptide  analogues  and  Jiii  vitro  synthesized  labelled 
precursors.   Fragments  of  neurophysin  produced  by  limited  acid  hydrolysis 
have  been  purified  by  reverse  phase  HPLC  and  analyzed  for  amino  acid  composition 
in  efforts  to  assign  the  disulfides  of  native  neurophysin.   Neurophysin  mRNA 
has  been  purified  by  gel  exclusion  HPLC  and  agarose  gel  electrophoresis. 

Major  Findings:   A  limit  trypsin  digestion  of  native  neurophysin  results 
in  the  loss  of  only  1-3  small  peptides  at  the  N  and  C  termini  of  neurophysin. 
The  digestion  does  not  alter  appreciably  the  immunoreactivity  of  neurophysin 
but  destroys  its  binding  to  the  hormone  tripeptide  analogue  affinity  column. 
Whether  this  alteration  directly  affects  the  hormone  binding  site  or  alters 
the  ability  of  neurophysin  to  dimerize  has  not  yet  been  determined. 

In  peptide  maps  of  both  d^  vitro  synthesized  neurophysin  precursor  and 
in  vivo  labelled  proneurophysin,  no  evidence  for  oxidized,  trypsin  digested 
authentic  hormone  has  been  found.   This  finding  has  suggested  that,  at  least 
for  arginine  vasopressin,  cleavage  at  the  amino  acid  preceedings  cys-1  of 
the  hormone  cannot  be  a  trypsin-like  cleavage.   Extended  peptide  fragments 
containing  hormones  are  therefore  expected  and  are  being  sought.   Proteolytic 
activity  isolated  from  the  hypothalamus  and  pituitary  have  been  found  and  are 
being  characterized  at  the  pH  known  to  exist  in  neurohypophyseal  neurosecretory 
granules. 

Neurophysin  mRNA  from  bovine  hypothalamus  has  been  found  to  occur  in  two 
size  classes.   One  class  is  several  times  larger  than  is  necessary  to  code 
for  the  17-23,000  dalton  protein  precursors  found  in  in  vitro  translation 
products.   Both  size  classes  are  able  to  produce  the  17-23,000  dalton  precursors 
in  vitro.   Translations  in  the  presence  and  absence  of  the  cap  analogue 
7-methyl  guanosine  5' -monophosphate  at  various  potassium  concentrations 
indicate  that  while  neurophysin  II  mRNA  is  capped,  neurophysin  I  mRNA 
isolated  from  frozen  tissue  is  not.   This  finding  suggests  a  possible  mode 
of  control  of  expression  of  neurophysin  I  in  the  hypothalamus. 
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Significance  to  Biomedical  Research:   It  is  hoped  that  these  studies 
will  lead  to  an  increased  understanding  of  the  bisynthetic  origin  of  the 
neurophysins  and  their  associated  hormones,  oxytocin  and  vasopressin 
in  mammalian  systems.   It  is  further  hoped  that  study  of  the  chemical  and 
conformational  basis  of  hormone  binding  will  increase  understanding  of  the 
relationship  between  protein  structure  and  function. 

Proposed  Course  of  Action:   1)  Continued  investigation  of  neurophysin 
biosynthesis  including  isolation  and  study  of  processing  proteases  and  the 
chemical  structure  of  the  precursors.   2)  Investigation  of  conformational 
properties  of  neurophysins  as  they  relate  to  antibody  and  peptide  ligand 
interactions. 

Publications: 

Chaiken,  I.M. ,  Fischer,  E.A. ,  Giudice,  L.C.,  and  Hough,  C.J.:   in 
Hormone  Active  Brain  Peptides :   Structure  and  Function,  McKerns , 
K.W.,  Ed.,  Plenum  Press,  New  York,  in  press. 

Chaiken,  I.M.,  Hough,  C.J.,  Feinstein,  G. ,  Angal,  S.,  and  Abercrombie, 
D.M. :   7th  American  Peptide  Symposium,  in  press. 
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Project  Description: 


Objective:   To  understand  the  mode  of  interatomic  interactions  operating 
in  the  three-dimensional  structure  of  protein  which  underlies  the  structure- 
function  of  protein. 

Methods  Employed  and  Major  Findings: 

1)   Theoretical  development.   Our  model  of  protein  folding  which  has 
been  the  working  hypothesis  in  this  section  for  the  past  ten  years  is  based 
upon  the  assumption  that  protein  folding  and  ligand-protein  interaction  or 
the  allosteric  effect  may  be  two  different  aspects  of  the  same  interaction 
mechanism.   That  is,  we  speculate  that  there  may  be  the  specific  linkage  of 
interatomic  interactions  operative  throughout  the  three-dimensional  structure 
which  may  provide  the  stabilizing  energy  critical  for  folding  and  which  may 
also  be  modulated  by  binding  with  ligands  as  manifested  as,  for  example,  the 
allosteric  effect  or  the  specificity  of  ligand  binding.   The  model  continues 
to  evolve  and  now  consists  of  the  three  hypotheses  as  follows.   i)  The  dis- 
tribution of  the  conformations  in  the  equilibrium  state  is  a  function  of  the 
solution  conditions.   As  C.  Levinthal  has  pointed  out,  the  protein  molecules 
containing,  say,  100  residues  cannot  transform  from  one  conformation  to 
another  by  sampling  all  the  possible  conformations  in  a  period  of  time 
realistic  for  experiments.   Consequently,  the  number  of  conformations  at  the 
equilibrium  state  must  be  a  subset  of  all  the  possible  conformations.   Other- 
wise the  equilibrium  state  would  never  be  attained.   Since  this  restriction 
is  presumably  established  by  the  interactions  of  the  system  (e.g.  hydrophobic 
interactions,  dispersion  forces)  it  would  follow  that  the  conformational 
distribution  at  the  equilibrium  state  is  a  function  of  the  solution  condition 
regardless  of  whether  or  not  the  conditions  pennit  folding  to  the  native  con- 
formation or  whether  or  not  the  polypeptide  chain  has  the  ability  to  fold  to 
the  native  conformations.   ii)  Protein  folding  is  an  equi^brium  process  of 
the  conformations  under  physiological  conditions.   In  many  kinetic  experiments 
for  protein  folding  or  unfolding  the  formation  of  the  native  species  or  inter- 
mediates is  followed  by  the  parameters  related  to  the  native  structure  upon 
change  of  the  solution  conditions  from  those  denaturing  to  those  physiological 
or  vice  versa.   In  our  view,  such  experiments  would  be  a  sort  of  relaxation 
kinetics  followed  by  observing  the  parameters  related  to  the  nativo  structure. 
Since  the  native  species  is  formed  even  if  the  initial  denaturing  conditions 
are  varied,  we  may  conclude  that  the  earlier  steps  of  folding  pathway  is 
highly  flexible.   The  conclusion  is  supported  by  our  observations  concerning 
reoxidation  of  reduced,  monocarboxymethylated  lyso2yme  (see  the  previous 
report)  .   iii)  Only  after  complete  folding  of  the  unit  of  the  amino  acid 
sequence  the  specific  coupling  of  interatomic  interactions  would  be  operative 
throughout  the  three-dimensional  structure  to  stabilize  the  structure.   This 
hypothesis  explains  why  nucleose-(l-126)  lacks  information  for  cooperative 
folding  (see  the  previous  report)  (the  unit  is  almost  the  entire  amino  acid 
sequence  for  nuclease).   It  also  explains  why  RNase-(l-118)  cannot  form  native 
disulfide  bonds  after  reduction  and  reoxidation  (see  the  previous  report) . 
The  mechanism  for  the  hypothetical  interaction  linkage  is  specific  in  that 
only  specific  regions  of  the  amino  acid  sequence  is  permissible  for  cleavage 
without  disruption  of  information  for  cooperative  folding  as  observed  with  the 
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fragment  couplementing  systems  of  staphylococcal  nuclease  and  cytochrome  c_ 
(see  the  previous  reports) .   The  permissible  regions  seem  to  be  located  in  the 
loop  regions  of  the  three-dimensional  structure  which  would  have  a  minimum 
degree  of  contact  with  the  rest  of  the  structure.   In  the  case  of  cytochrome 
c  the  permissible  regions  are  consistent  with  the  evolutionarily  delett'd 
regions  for  Pseudomonas  aeruginosa  cytochrome  c_-   and  Chlorobium  thiosulfato- 
philum  cytochrome  c--,.   This  consistency,  if  not  accidental,  underscores  the 
specific  interaction  mechanism  maintaining  the  three-dimensional  structure 
and  the  function  which  may  have  been  conserved  during  evolution. 

The  hypothesis  predicts  that  the  transition  from  the  ground  to  the 
activated  state  would  occur  by  disruption  of  the  interaction  linkage  without 
large  change  in  conformation.   We  have  previously  demonstrated  that  nuclease— 
T  can  change  the  binding  force  without  a  large  change  in  conformation  (see 
the  previous  report) .   The  linearity  of  the  Arrhenius  plot  for  the  rate  con- 
stant of  unfolding  obtained  with  nuclease-T  and  the  complex  of  cytochrome  jc 
fragments  ferri(l-53)H: (54-104)  (see  the  previous  reports)  as  well  as  that 
observed  with  proteins  (e.g.  Pohl,  F.M.  (1968)  European  J.  Biochem.  7_,  146- 
152)  are  also  consistent  with  the  prediction  for  the  following  reason.   The 
linearity  indicates  the  activation  enthalpy  being  independent  of  temperature 
and  hence  no  large  change  in  the  heat  capacity  upon  activation.   Since 
exposure  of  non-polar  groups  to  water  is  known  to  increase  heat  capacity,  it 
follows  that  no  large  number  of  buried  non-polar  groups  would  be  exposed  to 
solvent  upon  activation. 

For  the  activation  for  unfolding,  the  activation  enthalpy  favoring 
folding  is  strongly  compensated  for  by  the  activation  entropy  for  favoring 
unfolding  (see  the  previous  reports) .   Since  the  activated  state  may  resemble 
the  ground  state  in  that  the  non-polar  groups  buried  in  the  interior  of  the 
native  structure  would  also  be  buried  at  the  activated  state,  the  hydrophobic 
interaction  would  not  be  involved  in  the  change  in  entropy  between  the  ground 
and  the  activated  state.   Then,  the  activation  entropy  favoring  unfolding  may 
be  explained  by  assuming  an  increase  in  motility  within  or  in  the  neighbor- 
hood of  the  native  fold  upon  activation  (e.g.  increase  in  the  iso-energy 
conformations  similar  to  the  native  fold) .   Since  the  balance  of  enthalpy 
change  and  entropy  change  for  intramolecular  vibration  is  known  to  favor 
unfolding,  assuming  that  the  activation  enthalpy  favoring  folding  is  related 
to  the  global  cooperative  interactions,  it  would  follow  that  unless  the 
global  cooperative  interactions  would  be  operative  after  completion  of 
folding  of  the  unit  of  the  amino  acid  sequence,  the  balance  of  the  opposing 
forces  involved  in  folding  would  not  favor  cooperative  folding. 

2)   Experimental  status.   i)  X-ray  crystallogrsphy  of  nuclease-T:   the 
determination  of  the  atomic  coordinates  of  nuclease-T  containing  deoxy- 
thymidine-3' ,5 '-diphosphate  and  Ca   is  important  to  prove  that  the  atomic 
coordinates  of  nuclease-T  resemble  native  nuclease  for  precise  interpretation 
of  dynamics-energetics  of  nuclease-T  in  relation  to  that  of  nuclease, 
especially  to  prove  that  Ca"  binds  only  with  the  nuclease-T- (6-48)  portion 
and  nontheless  binding  of  nuclease-T  with  Ca   strengthens  the  interaction 
between  nuclease-T- (6-48)  and  nuclease-T-(50-l49) .   As  the  continuation  of 
the  works  in  the  previous  years,  refinement  of  the  electron  density  map  of 
liganded  nuclease-T  is  contemplated  in  collaboration  with  the  section  of 
Molecular  Structure,  LMB,  NIADDK.   However,  because  the  time  could  not  be 
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allocated,  further  studies  are  postponed  for  the  near  future.   ii)  Substitution 
of  evolutionarily  invariant  residues  of  cytochrome  c   by  chemical  synthesis 
seems  to  be  effective  for  investigation  of  the  interatomic  interactions 
critical  for  stabilization  of  the  structure  (see  the  other  report  from  this 
section).   For  this  purpose,  the  covalent  attachment  of  the  heme  group  to 
the  apoprotein  or  apofragments  is  required.   Since  the  thioether  bond  between 
the  heme  group  and  the  apoprotein  is  highly  sterecchemically  specific  for 
native  cytochrome  c_   (see  the  previous  report)  ,  chemical  attachment  of  the 
heme  group  to  the  apoprotein  may  not  be  suitable  for  synthesis  of  native 
cytochrome  £.   Therefore,  we  have  search  the  enzyme  catalyzing  the  covalent 
bonding  of  "the  heme  group  to  the  apoprotein  and  found  cytochrome  c_  synthe- 
tase in  yeast  mitochondria  which  catalyzes  the  formation  of  yeast  cytochrome 
c-like  species  from  the  apoprotein  in  the  presence  of  hemin  (see  the  previous 
■report) .   In  order  to  use  this  enzyme  for  the  chemical  synthesis  of  cyto- 
chrome„£  or  heme  fragments,  we  have  further  characterized  the  enzyme. 

I-labeled  horse  apocytochrome  c_  was  incubated  with  yeast  mitochondria 
in  the  presence  of  hemin,  NADPH  and  an  ethanol  extract  of  the  postmitochondrial 
fraction  at  pH  7  and  31  +  1°C  for  45  min.   Using  a  modified  assay  procedure,  a 
radioactive    I-labeled  cytochrome  c_-like  species  was  found  to  be  formed  in 
yields  of  up  to  26%  in  this  system.   This    I-labeled  synthesized  species  is 
indistinguishable  from  horse  cytochrome  c   by  ion-exchange  chromatography 
(under  the  conditions  which  allow  spearation  of  horse  and  yeast  cytochrome  c) , 
resistance  in  its  reduced  form  to  digestion  by  trypsin,  resistance  against 
autoxidation,  reduction  by  cytochrome  b^,  and  generation  of  apoprotein  after 
treatment  with  silver  sulfate  and  dithioeitol.  cq 

Using  similar  systems  but  unlabeled  horse  apoprotein  and  [   Fe]hemin, 
the  yield  of  a   Fe-labeled  horse  cytochrome  £-like  species  wgs  up  to  7% 
with  respect  to  the  apoprotein  incubated.   The  yield  of  the   Fe-labeled 
synthesized  species  was  not  altered  by  the  addition  of  unlabeled  FeCl-. 
Conversely,  synthesis  of  the   Fe-labeled  species  was  not  detectable  after 
incubationj-of  yeast  mitochondria  with  unlabeled  horse  apoprotein,  unlabeled 
hemin  and   FeCl-.   The  activity  of  the  mitochondria  on  the  formation  of 
both    I-  and   Fe-labeled  cytochrome  £-like  species  was  found  to  be  sensi- 
tive to  heat.   Thus,  we  conclude  that  cytochrome  £  synthetase  catalyzes 
direct  bonding  of  heme  (or  hemin)  to  the  apoprotein.   Since  the  amino  ac:'d 
sequence  between  horse  and  yeast  cytochrone  £  varies  considerably,  the 
results  may  also  indicate  that  the  amino  acid  sequence  recognized  by  cyto- 
chrome £  synthetase  may  represent  a  limited  region(s)  of  the  apoprotein. 

Significance  to  Biomedical  Research:   The  specificity  of  reactions  and 
regulation  of  rate  processes  in  cells  is  one  of  the  fundamental  characters 
of  the  biological  system.   An  alteration  of  these  control  irechanisms  of  the 
biological  processes  would  result  in  malfunction  or  death  of  cells  (diseases) 
unless  this  disorder  is  compensated  for  by  the  system.   The  specificity  of 
reactions  and  the  regulation  of  the  rate  processes  is  controlled  by  the 
function  of  globular  proteins  (e.g.  enzymes,  hemoglobins,  immunoglobulins 
and  receptor  proteins).   This  function  of  globular  proteins  is  presumed  to 
be  the  work  of  interatomic  interactions  operating  in  the  three-dimensional 
structure  under  physiological  conditions,  which  would  be,  on  the  basis  of 
our  hypothesis  (the  third  hypothesis  described  above)  ,  related  to  the 
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global  cooperative  interactions  providing  the  extra  stabilizing  energy 
required  for  binding  the  polypeptide  chain  (the  unit  of  the  amino  acid 
sequence)  in  the  ordered  state.   Thus,  understanding  the  operational  mode 
of  interatomic  interactions  in  the  three-dimensional  structure  under  physio- 
logical conditions  is  fundamental  to  biomedical  science. 

Proposed  Course: 

1)  Determination  of  the  atomic  coordinates  of  nuclease-T  containing 
pdTp  and  Ca   . 

2)  Purification  and  characterization  of  cytochrome  c_   synthetase  for 
the  use  for  chemical  synthesis  of  cytochrome  c_  or  heme  fragments . 

3)  Measurements  of  activation  energy  parameters  of  unfolding  of 
nuclease-T  in  the  presence  of  pdTp,  Ca   or  both,  as  a  function  of  concentra- 
tion of  guanidine  HCl  or  urea  and  as  a  function  of  pH  using  the  fragment 
exchange  technique  in  order  to  investigate  the  factors  contributing  the 
activation  energy  parameters  and  hence  the  force  binding  the  polypeptide 
chain  in  the  ordered  state. 

4)  Measurements  of  binding  constants  of  RNase  S-peptide  (1-20)  and 
RNase- (116-124)  with  RNase- (21-115)  in  order  to  assess  the  cooperative 
interactions  for  binding  three-fragment  complex  (1-20) : (21-115) :  (116-124) 
(see  the  previous  report) . 

5)  Chemical  synthesis  of  cytochrome  c_  complementing  fragments  as  a  step 
for  the  total  synthesis  of  cytochrome  c_  (in  part  with  collaboration  with 

the  University  of  Padova) . 

Publications : 

Parker,  D.S.,  Davis,  A.,  and  Taniuchi,  H. :   Further  study  of  the  confor- 
mation of  nuclease-(l-126)  in  relation  to  intrinsic  enzymatic  activity. 
J.  Biol.  Chem.  256:   4557-4569,  1981. 

Veloso,  D.  ,  Basile,  C,  and  Taniuchi,  H.  :   Formation  of  a  cytochrome  c_- 
like  species  from  horse  apoprotein  and  hemin  catalyzed  by  yeast  mito- 
chondrial cytochrome  c_  synthetase.   J.  Biol.  Chem.,  in  press. 

Taniuchi,  H. :   The  mechanism  of  protein  folding.   In  Goldberger,  R.F. , 
Schechter,  A.N. ,  and  Dean,  A.  (Eds):   The  Contributions  of  Chemical 
Biology  to  the  Biomedical  Sciences.   New  York,  Academic  Press,  in  press. 

Papers  previously  reported  as  in  press: 

Acharya,  A.S.,  and  Taniuchi,  H. :   Preparation  of  a  two-disulf ide  bonde.l 
enzymically  active  derivative  from  hen  egg  lysozyme.   Int.  J.  Peptide 
Protein  Res.  15:   503-509,  1980. 

Acharya,  A.S.,  and  Taniuchi,  H. :   On  the  renaturation  of  reduced  hen  egg 
white  lysozyme  containing  two  blocked  sulfhydryl  groups.   Biophys.  J. 
23:   425-426,  1980. 
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Basile,  G. ,  DiBello,  C. ,  and  Taniuchi,  H. :   Formation  of  an  iso-1-cyto- 
chrome-like  species  containing  covalently  bonded  heme  group  from  the 
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containing  ferro  heme  fragment  (1-25)H  and  apofragments  (28-38)  and  [  H] (56-104) 
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fragment  complex  exhibits  a  higher  frequency  of  dissociation-association  with 
fragment  (28-38)  and  a  lower  frequency  of  overall  unfolding-f olding.   In  the 
presence  of  excess  of  free  (28-38)  and  below  30  C  unfolding  of  the  ferrous  three- 
fragment  complex  occurs  mostly  without  going  through  complex  (1-25)H: (56-104) 
which  is  an  intermediate  for  folding.   Above  30  C  the  unfolding  via  complex 
(1-25)H: (56-104)  becomes  detectable.   The  ground  state  of  the  complex  appears  to 
be  maintained  by  a  cooperative  mode  of  interatomic  interactions  operative 
throughout  the  three-dimensional  structure  which  may  be  disrupted  upon  activation 
The  results  of  chemical  substitution  of  evolutionarily  invariant  Leu  32  and  var- 
iant Leu  35  of  (28-38)  have  implicated  that  such  global  cooperative  interactions 
would  be  disrupted  if  Leu  32  is  substituted  by  lie,  Val  or  Phe  but  maintained  if 
Leu  35  is  replaced  by  lie.   This  would  give  the  molecular  basis  for  the  evolu- 
tionary invariance  of  Leu  32. 
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Project  Description: 

Objectives:   Studying  the  dynamics  of  protein  molecules  and  the  forces 
involved  in  stabilization  of  the  tertiary  structure. 

Methods  and  Findings:   The  apparent  association  constant  K  with  chemi- 
callv  synthesized  fragment  28-38  containing   C  labelled  Phe  36  of  three- 
fragment  complex  (1-25)H: [   C] (28-38) : (56-104)  was  determined  in  the  presence 
of  sodium  dithionite  as  a  function  of  temperature  by  equilibrium  dialysis. 
The  values  for  Kd  and  corresponding  AG  were  obtained.   A  van'tHoff  plot  of 
the  data  resulted  in  AH°  =  -34.2  kcal/mol.   AG°  =  -9.1  kcal  mol"   and  AS°  = 
-84.2  e.u.  at  25°C.   The  dissociation-association  reaction  of  fragment  (28- 
38)  is  fast  since  exchange  of  [   C] (28-38)  of  the  three-fragment  complex 
(see  the  previous  reports  for  the  fragment-exchange  techniques)  has  reached, 
in  the  presence  of  ascorbate,  an  equilibrium  state  within  the  time  (19  min) 
limited  by  the  method  at  3  C  (the  dissociation  rate  constant  >10   s   ). 

For  the  study  of  unfolding  of  three-fragment  complex  ferro  (1-25)H:(28- 
38) : [H  ] (39-104),  it  is  necessary  to  differentiate  the  direct  dissociation 
reaction  of  fragment  (38-104)  (containing  [  H]Met  65  and  [  H]Met  80  (labelled 
with  [  H]methyliodide))  if  any,  from  that  indirect  through  complex  ferro 
(1-25)H:[  H] (39-104) ,  which  is  in  equilibrium  with  the  three-fragment  complex. 
Thus,  the  rate  of  exchange  of  [  H] (39-104)  was  measured  at  15  C  as  a  function 
of  concentration  of  free  (28-38)  present.   By  taking  into  account  for  the 
rate  constant  of  dissociation  of  f erro(l-25)H: [  H] (39-104)  (measured  by  the 
fragment-exchange  technique)  and  the  equilibrium  constant  with  (28-38)  (see 
above),  the  analysis  of  the  data  has  indicated  that  fragment  [  H] (39-104) 
dissociates  from  the  ferrous  three-fragment  complex  mostly  without  going 
through  the  two-fragment  complex  in  the  presence  of  excess  of  free  (28-38) 
at  15°C. 

Under  the  conditions  of  concentration  of  free  fragment  (28-38)  which 
permit  the  three-fragment  complex  to  directly  unfold  (see  above) ,  the  rates 
of  unfolding  of  three-fragment  complex  ferro  (1-25)H: (28-38) : [  H] (56-104)  was 
measured  as  a  function  of  temperature  in  the  presence  of  ascorbate.   The 
unfolding  of  the  three-fragment  complex  was  followed  by  trapping  dissociated 
[  H] (56-104)  with  (1-38)H  as  a  stable  complex.   The  trapping  reaction  was 
quenched  by  addition  of  the  apoprotein  (1-104)  after  a  given  time  of  incuba- 
tion.  The  remaining  three-fragment  complex  was  converted  to  the  two-fragment 
complex  (1-25)H: (1-104)  by  incubation  at  37°C  for  20  min.   Fragment  [  H] (56- 
104)  thus  released  was  digested  by  addition  of  trypsin  to  the  mixture  (the 
two-fragment  complex  ferro  (1-38)H:[  H] (56-104)  is  resistant  against  trypsin). 
The  digests  were  separated  from  the  complexes  by  gel  filtration  for  deter- 
mination of  the  distribution  of  the  radioactivity. 

The  results  have  indicated  that  the  rate  constant  of  unfolding  determined 
by  the  trapping  experiment  is  within  experimental  error,  the  same  when  the 
ascorbate  was  replaced  by  sodium  dithionite  and  has  agreed  with  that  by  the 
fragment-exchange  method  and  that  the  rate  constant  of  unfolding  measured 
with  dissociation  of  heme  fragment  (1-25)H  also  agrees  with  that  measured 
with  [  H] (56-104).   Thus,  there  seems  to  be  a  global  force  such  that  the 
transition  from  the  ground  to  the  activated  state  would  be  followed  by 
simultaneous  dissociation  of  all  the  three  fragments.   The  modified  Arrhenius 
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plots  were  linear  from  10  to  30  C  and  deviated  above  30  C.   The  activation 

o 
enthalpy  thus  calculated  below  30  C  was  34.6  kcal/mol.   Thus,  a  high  degree 

of  compensation  of  activation  enthalpy  and  activation  entropy  was  observed 

(the  AG  =  22.4  kcal  mol   at  25  C,  AS   =  40.2  e.u.  mol   )  as  is  generally 
the  case  with  unfolding  of  protein. 

The  linearity  of  the  Arrhenius  plots  indicates  that  change  in  heat 
capacity  between  the  ground  and  the  activated  state  is  small.   Since  exposure 
of  non-polar  groups  to  water  is  expected  to  increase  the  heat  capacity,  the 
result  may  be  interpreted  as  indicating  that  non-polar  groups  buried  within 
the  structure  are  not  largely  exposed  for  the  activated  state.   This  is  also 
consistent  with  our  hypothesis  (see  the  previous  report)  that  the  activation 
for  unfolding  would  involve  disruption  of  coupling  of  interatomic  interac- 
tions throughout  the  three-dimensional  structure  without  a  large  change  in 
the  fold.   Such  global  cooperative  interactions  seem  to  be  operative  for 
stabilizing  the  three-fragment  complex  since  the  rate  of  dissociation  of 
[  H] (39-104)  decreases  approximately  by  3  order  magnitude  when  fragment  (28- 
38)  binds  with  ferro (1-25)H: (39-104)  at  15°C. 

The  apparent  deviation  from  the  linearity  of  the  Arrhenius  plot  above 
30  C  may  be  explained  by  assuming  that  dissociation  of  [  H] (56-104)  via 
complex  (1-25)H: (56-104)  becomes  significant  above  30  C,  since  complex 
(1-25)H: (56-104)  in  equilibrium  with  the  ferrous  three-fragment  complex 
increases  with  increase  in  temperature. 

Leu  32  is  evolutionarily  invariant  for  eukaryotic  cells  and  Leu  35  is 
replaced  with  valine,  isoleucine  or  phenylalanine  for  some  species.   Frag- 
ments (28-38)  containing  isoleucine,  valine  and  phenylalanine  in  place  of 
leucine  32  were  synthesized.   None  of  these  variants  is  found  to  bind  with 
complex  (1-25)H: (56-104) .   On  the  other  hand,  the  synthesized  fragment 
(28-38)  containing  isoleucine  in  place  of  leucine  35  is  shown  to  bind  with 
the  two  fragment  complex.   These  observations  imply  that  change  of  the 
evolutionarily  invariant  leucine  32  even  to  another  non-polar  residue  such 
as  isoleucine,  valine  or  phenylalanine  causes  weakening  of  the  global 
cooperative  interactions,  resulting  in  a  decrease  in  the  standard  redox- 
potential  and  hence  loss  of  the  cytochrome  c_  function.   The  observations  seem 
to  shed  light  to  the  molecular  basis  for  evolutionary  invariance  of  leucine 
32. 

Significance  to  Biomedical  Research:   Understanding  of  the  mode  of 
interatomic  interactions  operative  in  the  structure  of  protein  is  fundamental 
for  understanding  of  the  force  maintaining  the  three-dimensional  structure 
and  the  mechanism  of  the  function.   Using  the  ferrous  three-fragment  complex 
of  cytochrome  c_  as  a  test  object,  we  have  now  found  that  there  are  at  least 
two  modes  of  transition  from  the  ground  to  the  activated  state,  one  with 
and  the  other  without  going  through  the  intermediate,  two-fragment  complex 
and  that  the  probabilities  of  these  two  ways  of  transition  are  modulated  by 
temperature.   Perhaps,  for  the  first  time,  we  have  observed  such  a  mode  of 
the  transition  corresponding  to  the  hypothetical  global  force  in  that  the 
observations  are  consistent  with  our  hypothesis  of  the  global  cooperative 
interactions  being  disrupted  for  the  activated  state  without  a  large  change 
in  the  fold  (without  going  through  sequential  unfolding).   Furthermore, 
the  specific  nature  of  the  mechanism  for  the  global  cooperative  interactions 
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is  manifested  in  the  observations  that  replacement  of  only  one  evolutionarily 
invariant  residue,  leucine  32  by  isoleucine,  valine  or  phenylalanine  results 
in  lack  of  the  force  binding  fragment  (28-38)  and  hence  the  cytochrome  c_ 
function.   Thus,  the  molecular  basis  for  the  evolutionary  invariance  of 
leucine  32  appears  to  be  explained  on  the  basis  of  the  requirement  for  the 
global  cooperative  interactions  underlying  the  structure  and  the  function. 

Proposed  Course  of  Research: 

1)  Using  non-productive  complex  (biologically  inactive)  (1-25)H:(39- 
104)  and  productive  complex  (1-25)H: (23-104) ,  the  activation  parameters  for 
unfolding  will  be  determined  as  a  function  of  the  valence  of  the  heme  iron. 
The  results  are  expected  to  give  an  insight  into  the  contribution  of  the 
global  cooperative  interactions  to  the  high  redox  potential  characteristic 
of  cytochrome  c_. 

2)  Systematic  investigation  of  evolutionarily  invariant  residues  of 
fragment  (28-38)  in  relation  to  the  global  force  binding  the  fragment  and 
hence  the  cytochrome  c_  function. 

3)  Deterination  of  the  activation  parameters  for  unfolding  of  complex 
(1-25)H: (23-104)  as  a  function  of  the  solution  conditions  (e.g.  the  presence 
of  denaturants,  change  of  pH)  to  assess  the  contributions  of  the  solution 
conditions  and  the  global  cooperative  interactions  to  the  energy  barrier  for 
unfolding,  controling  dynamics  of  protein  molecules. 

Publications:   None 


i+18 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 

HEALTH  AND  HUMAN  SERVICES 

PUBLIC  HEALTH  SERVICE 

NOTICE  OF 

INTRAHURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 
ZOl  AM  25,013-10  LCB 


PERIOD  COVERED 

October  1,  1980  to  September  30,  1981 


TITLE  OF  PROJECT  (80  characters  or  less) 

Hemoglobin  Oxygen  Affinity:   Immunochemical  Studies 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:       J.  Dean        Senior  Investigator 
S.  Shimizu     Visiting  Fellow 
S.  Harwood     Physical  Science  Technician 


LCB  NIADDK 
LCB  NIADDK 
LCB  NIADDK 


COOPERATING  UNITS  (if  any) 


lab/branch 
Laboratory  of   Chemical   Biology 


SECTION 

Section  on  Macromolecular  Biology 


INSTITUTE  AND  LOCATION 

NIADDK,  NIH,  Bethesda,  Maryland   20205 


TOTAL  MANYEARS: 

0.2 


PROFESSIONAL: 

0.1 


0.1 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   Q  (a2)  INTERVIEWS 


P  (b)  HUMAN  TISSUES 


(c)    NEITHER 


SUMMARY   OF   WORK    (200   words    or   less   -   underline    keywords) 


This  project  has  been  terminated. 


PHS-6C40 
(Rev.  2-81) 


419 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  space} 


U.S.  DEPARTMENT  OF 

HEALTH  AND  HUMAN  SERVICES 

PUBLIC  HEALTH  SERVICE 

NOTICE  OF 

INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  AM  25,016-08  LCB 


PERIOD  COVERED 

October  1.  1980  to  September  30,  1981 


TITLE  OF  PROJECT  (80  characters  or  less) 

Regulation  of  Hemoglobin  Synthesis  in  Cultured  Erythroid  Cells 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:       Ann  Dean 

Francois  Erard 
Alan  N.  Schechter 


Research  Chemist  LCB  NIADDK 

Visiting  Fellow  LCB  NIADDK 

Chief,  Section  on  Macromolecular  LCB  NIADDK 
Biology 


COOPERATING  UNITS  (if  ar.y) 

Division  of  Computer  Research  and  Technology  (Mr.  Richard  Shrager, 
Dr.  Benes  Trus) 


LAB/ BRANCH 

Laboratory  of  Chemical  Biology 


SECTION 

Section  on  Macromolecular  Biology 


INSTITUTE  AND  LOCATION 

NIADDK,  NIH,  Bethesda,  Maryland 


20205 


TOTAL  MANYEARS: 

1.9 


PROFESSIONAL: 

1.9 


CHECK  APPROPRIATE  BOX(ES) 
C  (a)   HUMAN  SUBJECTS 

(al)  MINORS   []  (a2)  INTERVIEWS 


(b)  HUMAN  TISSUES 


□  (c)  NEITHER 


SUMMARY  OF  WORK  (200  «ords  or  less  -  underline  keywords) 

The  globin  gene  family  has  proved  to  be  a  very  fruitful  model  system  for 
the  study  of  the  structure,  organization  and  control  of  the  eukaryotic  genome. 
Different  hemoglobins,  each  composed  of  two  a-like  and  two  S-like  globin  poly- 
peptides appear  sequentially  in  the  circulation  during  the  development  of  many 
animals.   These  changes  are  brought  about  by  differential  expression  of  the 
various  globin  genes,  however,  the  mechanism  by  which  individual  genes  become 
active  at  different  times  and  to  different  extents  is  not  well  understood.   We 
are  using  the  human  K562  cell  line  as  a  model  system  to  study  this  problem.   This 
cell  line  is  capable  of  producing  fetal  and  embryonic  hemoglobins  when  treated 
with  herain  in  culture.   To  characterize  and  quantitate  hemoglobin  synthesis  in 
K562  cells  under  various  conditions,  we  are  using  gel  electrophoresis  and 
specropho tome trie  methods.   The  molecular  basis  of  the  effects  of  inducers  of 
hemoglobin  synthesis  in  K562  cells  is  being  investigated  at  the  level  of  globin 
mRNA  production  by  RNA-DNA  hybridization  using  specific  cloned  cDNA  and  genomic 
globin  probes.   Through  these  studies  we  are  describing  in  detail  some  aspects 
of  the  process  of  gene  activation  in  cultured  cells. 
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Project  Description: 

Objectives :   The  K562  human  leukemia  cell  line  can  be  grown  in  suspension 
culture  and  it  has  been  previously  demonstrated  that  these  cells  can  be 
induced  by  hemin  to  synthesize  embryonic  hemoglobins  and  HbF.   The  K562 
cell  line  offers  the  opportunity  to  study  in  a  homogeneous  population  of 
cells,  the  mechanism  of  induction  of  hemoglobin  synthesis,  the  relationship 
of  this  induction  to  other  aspects  of  erythroid  differentiation,  and  the 
control  of  hemoglobin  levels  in  erythroid  cells.   Toward  these  goals  we 
will  develop  methods  to  assess  quantitatively  the  synthesis  and  stability 
of  the  individual  globin  mRNAs  and  globins  produced  by  K562  cells  under  a 
variety  of  conditions.   We  will  examine  other  markers  of  erythroid  differ- 
entiation, both  morphologic  and  biochemical,  and  assess  their  correlation 
with  hemoglobin  accumulation.   We  will  study  the  molecular  basis  of  the 
action  of  hemin  in  order  to  better  understand  control  of  globin  gene  activity 
in  vitro. 

Methods  Employed:   Optimum  conditions  for  the  induction  of  hemoglobin 
synthesis  in  K562  cells  by  hemin  have  been  established.   Other  conditions, 
such  as  inhibition  of  the  cell  growth  rate,  under  which  K562  cells  accumulate 
hemoglobin,  have  been  studied,   A  method  for  the  two-dimensional  analysis 
by  isoelectric-focusing  and  gel  electrophoresis  of  the  hemoglobins  produced 
by  these  cells  has  been  established.   The  hemoglobins  are  identified  by 
their  pi,  and  relative  amounts  of  the  globin  chains  forming  each  hemoglobin 
are  established  by  scanning  and  computer  analysis  of  the  electrophoresis 
pattern  produced  by  each  hemoglobin.   This  method  permits  the  quantitation 
of  individual  hemoglobins  produced  by  K562  cells  as  a  function  of  time 
after  exposure  to  inducer.   Newly  synthesized  globins  in  treated  and  untreated 
cultures  have  been  examined  semiquantitatively  by  electrophoretic  techniques 
and  microdensitoraetry  by  addition  of  [  H] -amino  acids  to  the  culture  medium 
for  short  times.   [  H] -uracil  has  been  added  to  cultures  before  isolation 
of  mRNA  in  order  to  measure  total  globin  mRNA  sequences  in  treated  and 
untreated  cultures.   Conditions  for  the  propagation  and  purification  of  the 
cloned  a-,  S-,  and  y-globii^  cDNA  probes  and  the  e-  and  C-globin  genomic 
probes  have  been  established.   A  method  to  measure  the  relative  abundance 
of  various  globin  mRNA  species  during  induction,  based  on  dot  blot  hybridi- 
zation, is  being  developed. 

Major  Results:   We  have  found  that  K562  cells  can  be  grown  in  the 
presence  of  20  yM  hemin  with  an  increase  in  intracellular  hemoglobin  from 
0.5  to  lOpg  per  cell,  but  with  no  effect  on  the  rate  of  cell  division. 
Cells  could  be  subcultured  for  as  long  as  six  months  in  the  continued 
presence  of  hemin.   The  process  of  hemoglobin  accumulation  was  reversible 
upon  transfer  of  cells  to  medium  without  hemin,  and  cells  could  be  recycled 
indefinitely.   Hemoglobin  accumulation  appeared  to  be  a  property  of  virtually 
the  entire  population  of  cells.   In  addition,  two  conditions  which  inhibit 
cell  division,  glutamine  deprivation  and  addition  of  hydroxyurea,  caused 
intracellular  levels  of  hemoglobin  to  increase  both  in  the  presence  or 
absence  of  hemin.   The  combination  of  hemin  and  inhibition  of  cell  division 
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resulted  in  hemoglobin  levels  approaching  that  of  a  mature  erythrocyte. 
Hemoglobin  accumulation  under  these  conditions  was  also  reversible.   The 
results  suggest  that  hemoglobin  accumulation  in  K562  cells  can  occur  without 
irreversible  cellular  differentiation. 

Hemoglobins  Gower  I,  Portland  and  fetal  hemoglobin  are  the  main 
hemoglobins  we  detected  by  isoelectric-focusiii"  in  treated  and  untreated 
cells.   The  different  hemoglobins  are  asynchronously  induced  by  hemin; 
hemoglobin  Gower  I  increasing  last.   This  suggests  that  hemin  induction  has 
a  differential  effect  on  specific  globin  genes.   Inhibitors  of  cell  division 
increase  the  intracellular  hemoglobins  in  a  synchronous  manner.   The  magni- 
tude of  this  effect  appears  to  be  greater  than  that  which  would  be  predicted 
if  the  conditions  were  simply  diminishing  the  dilution  which  occurs  at 
mitosis.   We  are  presently  analyzing  these  results  using  a  mathematical 
model  derived  from  the  initial  and  equilibrium  levels  of  hemoglobin  in 
treated  and  untreated  cells.   The  differing  effects  of  hemin  and  inhibition 
of  cell  division  suggest  that  we  are  observing  different  molecular  mechanisms 
controlling  globin  gene  expression. 

Significance  to  Biomedical  Research:   A  great  deal  of  information  is 
available  on  the  molecular  structure  and  function  of  hemoglobin,  as  well  as 
recently  available  data  on  the  structure  of  the  two  human  globin  gene  loci. 
Consequenctly,  this  is  one  of  the  most  appropriate  model  systems  for  studying 
eukaryotic  gene  regulation.   Concomitantly,  tissue  culture  techniques  have 
provided  the  means  to  study  cellular  regulation  in  a  controlled  laboratory 
environment.   The  study  of  hemoglobin  synthesis  in  the  continuous  K562  cell 
line  should  provide  insight  into  the  molecular  mechanisms  involved  in 
controlling  hemoglobin  levels  in  erythroid  cells  and  in  the  switch  from 
synthesis  of  one  globin  type  to  another.   Information  on  the  cellular 
mechanisms  operating  to  control  synthesis  of  specific  hemoglobins  may  be 
useful  in  the  amelioration  of  thalassemia  and  sickle  cell  disease  by  making 
it  possible  to  maintain  synthesis  of  substantial  amounts  of  HbF  beyond  the 
fetal  period,  with  concomitant  adjustment  of  other  hemoglobins. 

Proposed  Course  of  Work:   We  will  follow  up  our  observation  that 
hemoglobin  accumulation  in  K562  cells  is  not  linked  to  terminal  cell  division, 
a  major  event  in  erythroid  differentiation,  by  examining  in  these  cells 
other  markers  of  the  erythroid  differentiation  process. 

We  will  investigate  the  mechanism  of  the  effect  of  hemin  and  inhibitors 
of  cell  division  on  hemoglobin  levels  in  K562  cells  by  kinetic  and  equilibrium 
studies  of  the  levels  of  individual  globin  mRNAs .   These  studies  will 
involved  nucleic  acid  hybridization  techniques  using  hij^hly  purified, 
cloned  globin  cDNAs  and  genomic  sequences  as  probes.   In  the  case  of  hemin 
further  studies  will  be  undertaken  concerning  the  binding,  possible  uptake, 
and  fate  of  the  molecule  during  the  induction  process. 

We  will  initiate  attempts  to  understand  the  basis  for  the  pattern  of 
expression  of  globin  genes  in  K562  cells.   These  efforts  may  involve 
structural  studies  of  globin  DNA  and  mRNA  sequences. 
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Intracellular  gelation  of  deoxynemoglobin  S^  is  believed  to  cause  the 
sickling  of  SS^  erythrocytes .   We  use  -^--^C/^H  double  nuclear  magnetic  resonance 
(NMR)  to  quantitate  the  amount  of  intracellular  polymer  formed  as  a  function 
of  oxygen  saturation.   We  found  that  for  SS  erythrocytes  polymer  could  be 
detected  at  high  oxygen  saturation  (>90%)  and  increased  with  decreasing  oxygen 
saturation,  in  excellent  agreement  with  theoretical  calculations  based  on 
the  high  intracellular  hemoglobin  S  concentration  (34  g/dl)  where  non-ideality 
effects  must  be  considered.   We  are  now  fractionating  the  whole  cell  population 
to  characterize  the  effect  of  cell  heterogeneity  on  intracellular  polymeriza- 
tion.  In  studies  of  the  other  sickle  syndromes  we  found  that  for  AS  erythro- 
cytes, polymer  was  detected  below  60%  oxygen  saturation,  increasing  to  0.4  of 
the  total  hemoglobin  at  complete  deoxygenation.   This  is  in  agreement  with 
polymer  fraction  derived  on  the  basis  of  AS  hemolysate  solubility  measurements. 

We  are  using  ■^■'-PNMR  to  obtain  additional  information  about  intracellular 
polymerization  such  as  the  extent  of  ligand  incorporation  in  the  polymer. 
In  general,  these  studies  will  be  useful  for  evaluation  of  therapeutic 
strategies^ l^2l^      
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Project  Description: 

Objectives :   We  are  studying  the  intracellular  polymerization  of  hemo- 
globin S  for  the  purpose  of  defining  the  relationship  between  deoxyhemoglobin 
S  gelation  and  manifestations  of  sickle  cell  anemia.   Specifically,  a 
quantitative  characterization  of  intracellular  gelation  is  necessary  for  the 
determination  of  how  intracellular  polymer  formation  relates  to  abnormal 
cell  rheology,  which  in  turn  can  be  used  to  gain  further  information  about 
the  pathophysiology  of  the  disease. 

We  have  previously  shown  that  natural  abundance   C  NMR  can  be  used  to 
characterize  quantitatively  a  deoxyhemoglobin  gel  and  we  are  now  using 
the   C  NMR  technique  to  study  intracellular  gelation  in  sickle  erythrocytes. 
To  characterize  better  the  heterogeneous  cell  population,  we  are  also 
fractionating  whole  blood  into  subpopulations  on  the  basis  of  cell  density  or 
intracellular  hemoglobin  concentration.   We  are  also  exploring  alternate 
NMR  techniques  to  gain  additional  information  about  intracellular  gelation. 

P  NMR  will  be  used  to  detect  intracellular  phosphate  metabolites,  such 
as  DPG,  which  bind  specifically  to  deoxyhemoglobin.   This  will  provide  us 
with  a  second  method  of  observing  intracellular  gelation  and  possibly 
information  about  the  extent  of  liganded  hemoglobin  in  the  polymer. 

To  better  understand  the  relationship  between  intracellular  gelation 
and  manifestation  of  disease,  intracellular  gelation  of  erythrocytes  from 
other  sickle  syndromes  such  as  sickle  trait,  sickle/beta  thalasemia  and 
sickle/high  persistence  of  fetal  hemoglobin  are  also  being  examined. 

Our  experimental  findings  can  be  generalized  with  the  help  of  the 
thermodynamic  description  of  gelation.   Using  theoretical  model  calculations, 
information  about  possible  therapeutic  approaches  can  be  obtained.   For 
example,  polymer  formation  depends  strongly  on  intracellular  hemoglobin 
concentration  as  well  as  deoxyhemoglobin  S  solubility.   This  suggests  that 
variations  in  MCHC  are  as  likely  to  be  efficacious  in  reducing  polymer  as 
increasing  deoxyhemoglobin  S  solubility  by  specific  modification  of 
hemoglobin  S  (either  covalently  or  non-covalently) .   The  theoretical  model 
will  be  used  to  help  define  constraints  for  various  therapeutic  approaches 
which  include  alteration  of  intracellular  hemoglobin  concentration,  oxygen 
affinity,  deoxyhemoglobin  S  solubility  and  membrane  effectors. 

Methods  Employed:   Blood  from  individuals  with  sickle  cell  anemia 
and  other  sickle  syndromes  are  obtained  from  the  Clinical  Hematology  Branch 
(NHLBI)  and  various  Sickle  Cell  Disease  centers  throughout  the  country.   For 
fractionation  of  cell  populations,  samples  are  processed  using  one  of  several 
methods  such  as  low  speed  centrifugation,  discontinuous  Stractan  gradients 
or  Percol  continuous  gradients.   The  cells  are  equilibrated  with  various 
oxygen  mixture  using  a  gas  tonometer  and  the  oxygen  saturation  measured  using 
a  Micro  Blood  Gas  Analyzer. 

For  the  NMR  studies,  the  cell  are  transferred  anaerobically  ii?to  8mm 
NMR  tubes,  packed  and  the  supernatant  removed.   Natural  abundance   C  or 

P  NMR  spectra  are  taken  using  a  Nicolet  TT-14  spectrometer  modified  for 
high-power  NMR  experiments  in  solids.   Temperature  is  regulated  by  nitrogen 
gas  flow  through  the  probe.   The  Hartman-Hahn  condition  (gammalHl=gamma2H2) 
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for  proton-enhanced  spectra  are  determined  using  adamantane  as  a  standard 
for   C  and  methylphosphonic  for   P.   For  comparison  of  polymer  fraction 
with  hemoglobin  solubility,  appropriate  concentrations  of  cell-free  hemoglobin 
solutions  are  equilibrated  with  select  gas  mixtures  and  centrifuged  anaerobically 
at  high  speed  (170,000  x  G,  1  hr.,  37°)  and  the  supernatant  hemoglobin 
concentration  determined.   The  Minton  thermodynamic  theory  which  describes 
gelation  by  taking  into  account  the  non-ideal  relationship  between  activity 
and  concentration  of  hemoglobin  is  used  to  calculate  the  theoretical 
predictions  of  polymer  fraction  for  various  intracellular  hemoglobin 
compositions. 


i 


Major  Results:   The  experimental  measurement  of  intracellular  polymer 
formation  in  SS  erythrocytes  demonstrates  an  increase  of  polymer  with  decreasini 
oxygen  saturation  so  that  polymer  is  present  even  at  oxygen  saturations  >90%. 
This  is  in  excellent  agreement  with  the  theoretical  calculation  based 
on  intracellular  hemoglobin  concentratin  of  34g/dl  and  non-ideality 
considerations.   On  this  basis,  model  calculations  were  made  to  predict 
the  amounts  of  polymer  expected  for  variations  in  MCHC  (from  25g/dl  to  40g/dl) 
and  in  the_presence  of  non-S  hemoglobins  (for  example  A  and  F) . 

The   C  NMR  experimental  data  for  sickle  trait  erythrocytes  demonstrated 
no  polymer  formation  until  oxygen  saturation  decreased  below  60%.   The 
polymer  fraction  then  increased  to  a  value  of  0,4  at  complete  deoxygenation. 
The  polymer  fraction  determination  based  on  experimental  measurements  of 
cell-free  sickle  trait  hemolysate  solubility  are  in  good  agreement  with 
the  MMR  measurements.   However,  unlike  the  case  for  sickle  erythrocytes,  the 
theoretical  calculation  for  sickle  trait  erythrocytes  is  not.   This  suggests 
that  the  theoretical  first  order  approximations  used  are  not  valid  for 
large  multi-component  hemoglobin  systems. 

In  addition,  model  calculations  indicate  that  the  therapeutic  approach  of 
"switching  on"  non-S  hemoglobins  (such  as  F  or  A)  without  a  simultaneous  re- 
duction in  hemoglobin  S  \-rLll   have  no  beneficial  effect.   The  assumptions  of 
the  model  are  being  reexamined  to  obtain  a  complete  theoretical  description  for 
gelation  which  would  provide  information  on  the  relationship  between  intra- 
cellular gelation  and  the  various  hemoglobin  mixtures  found  in  the  variety  of 
sickle  syndromes  and  provide  additional  insight  on  various  therapeutic  approaches 

Several  techniques  have  been  examined  for  fractionating  erythrocyte 
populations  on  the  basis  of  cell  density.   Cells  were  separated  by  centrifuga- 
tion  in  discontinuous  stractan  density  gradients  or  in  continuous  percol 
(Pharmacia)  hypaque-raeglamine  density  gradients.   Both  techniques  gave  rise 
to  bands  of  cells  of  increasing  density  (or  MCHC)  from  top  to  bottom  of  the 
tube  although  the  cause  of  banding  in  the  continuous  percol  gradient  is 
unknown.   For  the  purpose  of  obtaining  large  fractions  of  cells  required  for 
each  NMR  measurement  (0.65  ml)  the  stractan  discontinuous  gradient  gives  the 
optimum  separation. 

We  find  that  the  P/  H  proton-enhanced  spectrum  of  DPG  cyclohexaraide 
salt  exhibited  a  characteristic  powder  pattern  corresponding  to  an  axially 
symmetric  second  rank  tensor  whereas  the  DPG  sodium  salt  exhibited  a 
broad  amorphous  peak  reduced  in  magnitude  (due  possibly  to  the  presence 
of  ^■^Na--'-H  coupling).   We  expect  the  characteristic  powder  pattern  for 
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DPG  bound  to  the  polymerized  hemoglobin  since  these  DPG  molecules 
should  be  isolated  from  the  '^^]>ia-  B.   interaction.   However,  we  have  not 
yet  been  able  to  obtain  the  spectrum.   In  relation  to  this  work  we  have 
also  detailed  ■^^P  NMR  solution  spectra  at  Carnegie-Mellon  University  which 
demonstrate  that  we  can  resolve  the  phosphate  resonance  of  each  of  the 
major  organic  phosphate  molecules  in  suspensions  of  erythroid  cells  (K562 
cells). 

Significance  to  Biomedical  Research:   The  detection  of  intracellular 
hemoglobin  S  polymer  at  high  oxygen  saturations  by  l^C  NMR  in  sickle 
erythrocytes  suggests  a  new  hypothesis  relating  gelation  of  deoxyhemoglobin 
S  to  manifestation  of  disease.   Specifically,  the  possibility  of  abnormal 
rheology  of  cells  on  the  arteriole  side  of  the  circulation  must  now  be 
considered.   We  are  now  in  a  position  to  study  the  rheological  behavior 
of  various  subpopulations  of  sickle  erythrocytes  with  precisely  determined 
amounts  of  intracellular  polymer  and  obtain  quantitative  information  about 
the  relationship  between  intracellular  gelation  and  abnormal  rheology.   The 
good  agreement  between  intracellular  polymer  formation  and  the  thermodynamic 
predictions  derived  from  cell- free  hemoglobin  solution  studies  confirm 
that  intracellular  gelation  in  sickle  erythrocytes  is  thermodynamically  the 
same  as  gelation  of  hemoglobin  S  solutions.   This  is  especially  important 
in  view  of  the  fact  that  most  gelation  studies  use  cell-free  solutions.   This 
work  emphasizes  the  strong  dependence  of  intracellular  polymer  formation  on 
not  only  oxygen  saturation  but  on  intracellular  hemoglobin  concentration 
as  well.   The  therapeutic  implication  is  that  reduction  in  mean  cellular 
hemoglobin  concentration  can  be  as  efficacious  in  reducing  polymer  formation 
(with  possibly  fewer  side  effects)  as  increasing  deoxyhemoglobin  S  solubility 
will  be  in  affecting  polymer  formation. 

Proposed  Course:   We  can  now  quantitate  the  amount  of  intracellular  polymer 
in  a  population  or  subpopulation  of  erythrocytes  and  are  in  a  position 
to  study  biophysical  properties  of  well  characterized  subpopulation  of  cells. 
This  will  eventually  enable  us  to  examine  the  relationship  between  abnormal 
cell  rheology  and  intracellular  polymer  formation  and  eventually  the 
relationship  betx^7een  intracellular  deoxyhemoglobin  S  gelation  and  manifestation 
of  disease.   Furthermore,  in  order  to  understand  better  all  the  parameters 
which  affect  cell  rheology  we  will  also  examine  other  properties  of  the 
intracellular  environment.   For  example,  the  hemoglobin  correlation  time 
with  varying  amounts  of  intracellular  polymer  will  be  measured  using  -'--'C 
NMR  and  will  give  information  about  the  intracellular  viscosity,  which  in 
turn  c:.n  be  related  to  cell  rheology.   Theoretically  we  will  reexamine  the 
thermodynamic  description  of  hemoglobin  S  gelation  and  attempt  to  generalize 
the  theory  for  large  multi-component  systems.   This  will  necessitate  additional 
experimental  data  on  hemoglobin  mixtures  such  as  the  solubility  mixtures  of 
hemoglobins  S  and  A  at  varying  oxygen  saturations.   A  complete  understanding 
of  the  thermodynamics  of  hemoglobin  S  gelation  will  provide  additional  insight 
on  the  mechanism  of  gelation  and  on  effective  therapeutic  approaches.   In 
addition  to  characterizing  polymer  formation  in  the  various  sickle  syndromes, 
-'•^C  NMR  will  be  used  to  examine  intracellular  polymerization  under  various 
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conditions  suggested  by  therapeutic  approaches  such  as  modification  in 
MCHC,  in  deoxyhemoglobin  S  solubility,  in  oxygen  affinity  and  modification 
by  membrane  effectors.   Further,  in  collaboration  with  Ms.  Maria  Harrison  and 
Dr.  Arthur  Nienhaus  of  the  Clinical  Hematology  Branch,  NHLBI,  electron 
microscopy  will  be  used  to  visualize  the  intracellular  polymer  to  again 
determine  the  extent  of  fiber  formation  in  cells  containing  varying  amounts 
of  polymer.   In  general,  we  will  use  these  studies  and  -"-H,  ^-'C  and 
-^Ip  NMR  techniques  as  a  basis  for  gaining  an  understanding  of  normal  and 
abnormal  erythrocytic  intracellular  environment. 

Publications : 

Noguchi,  C.T.,  Torchia,  D.A. ,  and  Schechter,  A.N.:  Determination  of 
deoxyhemoglobin  S  polymer  in  sickle  erythrocytes  upon  deoxygenation. 
Proc.  Natl.  Acad.  Sci.  U.S.A.  77:   5487-5491,  1980. 

Noguchi,  C.T. ,  Torchia,  D.A.  and  Schechter,  A.N.:  Polymerization  of 
hemoglobin  in  sickle  trait  erythrocytes  and  lysates.  J.  Biol.  Chem. 
256:   4168-4171,  1981. 

Noguchi,  C.T.  and  Schechter,  A.N.:   The  intracellular  polymerization 
of  sickle  hemoglobin  and  its  relevance  to  sickle  cell  disease.   Blood, 
in  press. 

Noguchi,  C.T.,  Schechter,  A.N.  and  Torchia,  D.A. :   The  effects  of  oxygen 
saturation  on  the  intracellular  polymerization  of  sickle  hemoglobin  Ho,  C, 
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Moffat,  K.,  and  Scheldt,  W.R.  (Ed.)  Symposium  on  the  Interaction  Between 
Iron  and  Proteins  in  Oxygen  and  Electron  Transport,  Elsevier-North  Holland, 
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W.B.  Saunders,  New  York,  in  press. 
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SUMMARY    OF    WORK    (200   words    or    less   -    underline    keywords) 

Mating  between  sexually  reactive  paramecia  is  characterized  by  an  initial 
clumping  reaction  between  complementary  pairs  after  random  ciliary  contact. 
This  highly  specific  mating  reaction  is  the  normal  initiation  step  leading  to 
psll  fusion  and  nuclear  exchange.   The  recognition  process  appears  to  be  the 
result  of  membrane  associated  proteins  which  are  called  mating-type  substances 
or  M-agglutinins.   The  project  reported  here  is  designed  to  describe  the  induc- 
tion  of  mating  reactivity  and  to  isolate  and  characterize  chemically  the  mating 
type  substance. 
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Project  Description; 


Objectives:   To  define  the  conditions  and  mechanism  of  induction  of 
mating  reactivity,  the  localization  and  chemical  nature  of  the  raating-type 
substance  and  the  molecular  basis  for  the  specific  cell-cell  interaction 
between  complementary  pairs. 

Methods  Employed:   Culture  methods  have  been  adapted  to  grow  large 
volume  (100  liter)  quantities  of  mature  cells  in  both  reactive  and  unreactive 
states  as  well  as  smaller  volumes  (1  liter)  of  immature,  unreactive  cells. 
A  procedure  has  been  developed  for  the  isolation  of  reactive  cilia  from 
mature  cells.   A  wide  range  of  antisera  has  been  developed  against  a  variety 
of  cells,  subcellular  fractions,  and  protein  extracts  against  both  unreactive 
and  reactive  cells.   Immunologic  analyses  have  been  developed  employing 
absorption  tests,  immunodiffusion  and  immunoelectrophoresis  for  studying 
the  particular  cellular  fractions  under  investigation. 

Procedures  to  isolate  and  purify  the  M-agglutinins  from  cellular 
extracts  enclude  a  variety  of  methods  including  ammonium  sulfate  precipita- 
tion, gel  filtration,  ion-exchange  chromatography  and  isoelectric  focusing 
in  sucrose  gradients.   The  inhibitory  effect  of  colchicine  on  the  mating 
reaction  has  led  us  to  attempt  to  isolate  labeled  fractions  from  cell 
extracts  using  this  compound  as  a  marker.   Immunoaf f inity  chromatography  has 
been  developed  as  an  alternate  procedure  for  purification  of  the  M-agglutinins. 

Purified  rabbit  IgG  and  Fab  fragments  from  purified  rabbit  IgG  were  pre- 
pared and  used  for  studying  the  appearance  and  distribution  of  surface  anti- 
gens.  Goat  anti-rabbit  IgG  labelled  with  fluorescein  was  used  as  a  counter- 
stain  in  these  localization  studies. 

Major  Findings:   Our  study  of  the  mating  system  has  involved  three 
separate  approaches:   the  isolation  of  intact  mating  reactive  cilia,  the  use 
of  various  substances  designed  to  inhibit  the  mating  reaction  including 
specific  immune  sera,  and  attempts  to  isolate  a  mating  substance  from  soluble 
extracts  of  reactive  cells. 

In  an  effort  to  visualize  the  appearance  of  the  mating  substances 
following  their  induction  and  to  determine  their  distribution  over  the  cell 
surface  e:cperiments  were  carried  out  using  fluorescent-labeled  antibodies. 

The  labeling  techniques  were  worked  out  for  this  system  using  the  major 
surface  antigen  known  as  the  i-antigen  (see  ZOl  AM  25,001-06  LCB). 

IgG  was  purified  from  a  monospecific  sera  (M-26-5)  and  Fab  fragments 
were  prepared  by  the  usual  procedure  from  the  purified  IgG.   Fluorescein 
labeled  goat  anti-rabbit  IgG  (goat-FITC-IgG)  was  used  as  the  fluorescent- 
labeled  counterstain.   In  an  attempt  to  determine  the  distribution  of  the 
major  surface  i-antigen,  cells  of  serotype  C  were  stained  with  goat  FITC-IgG 
following  their  incubation  in  either  rabbit  anti-C  IgG  or  rabbit  anti-C 
Fab.   Serotype  C  cells  were  immobilized  by  the  anti-C  IgG,  but  retained 
full  mating  reactivity.   C  cells  incubated  in  anti-C  Fab  appeared  unaffected 
by  the  antibody  fragments,  but  were  subsequently  immobilized  by  goat  FITC- 
IgG  indicating  that  the  Fab  fragments  had  reacted  with  the  i-antigen  sites 
on  the  cell  surface. 
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Interestingly,  while  IgG  inmobilized  cells  are  free  to  mate,  the  Fab 
treated  are  completely  blocked  from  mating.   Fab-treated  cells  which  are 
immobilized  by  counter-reacting  with  goat  FITC-IgG  are  relieved  of  their 
mating  inhibition  presumably  as  a  result  of  the  treatment  with  goat  FITC-IgG. 

This  apparent  anomaly  suggests  that  anti-C  Fab  molecules  have  an  indirect 
effect  on  the  mating  receptor  antigenic  sites  either  through  steric  hindrance 
or  some  other  mechanism  is  not  clear. 

When  C-cells  are  fixed  and  reacted  with  anti-C  IgG  followed  by  goat 
FITC-IgG,  they  are  uniformly  labeled  over  their  entire  surface  and  the  cilia 
appear  as  an  even  fringe  covering  the  cell  surface.   If  cells  are  allowed 
to  incubate  in  homologous  IgG  prior  to  fixation  and  staining,  they  show  a 
pattern  of  "capping"  in  which  the  rabbit  IgG  cross-linked  by  goat  FITC  IgG 
progressively  migrates  from  a  uniform  distribution  over  the  cell  surface  to  a 
concentrated  region  at  the  tips  of  the  cilia.   Coversely,  Fab  treated  cells 
when  counterstained  with  goat  FITC-IgG,  show  a  uniform  distribution  of  label 
identical  to  cells  which  have  been  fixed  prior  to  staining.   Fab  treated  cells 
which  are  counterstained  and  then  fixed  show  a  pattern  of  capping  indistin- 
guishable from  the  IgG  treated  cells. 

These  results  show  a  clear  relationship  betx^7een  IgG  (Fab)  cross-linking 
and  "capping"  and  mating  reactivity.   The  restoration  of  mating  reactivity  in 
Fab  treated  cells  by  capping  suggests  that  membrane  fluidity  (or  membrane 
modulation)  may  be  necessary  for  mating  activity  in  Paramecium.   These  pre- 
liminary observations  are  currently  being  extended  by  testing  the  effects  of 
various  agents  which  are  known  to  1)  induce  membrane  modulation  (capping)  or 
2)  inhibit  modulation  (anchorage)  on  the  various  states  of  mating  reactivity 
in  P_.  multimicronucleatum . 

Significance  to  Biomedical  Research:   Specific  cell-cell  interaction 
is  a  universal  phenomenon  which  is  important  in  understanding  various 
aspects  of  cellular  development  and  behavior.   Mating  in  paramecium  is 
characterized  by  a  highly  specific  interaction  between  cells  of  opposite 
mating  type  leading  to  an  agglutination  reaction  and  cell  fusion.   Evidence 
from  work  on  this  system  is  beginning  to  suggest  that  the  fluidity  or  flexi- 
bility of  the  cell  membrane  may  be  directly  involved  in  different  states  of 
sexual  reactivity  and  cell  adhesion.   knowledge  of  the  molecular  basis  for 
such  cell  specificity  and  adhesion  is  important  in  understanding  a  variety 
of  cell  interactions  as  well  as  understanding  the  roll  of  cell  surface 
architecture  in  these  interactions. 

Proposed  Course:   The  main  objective  of  this  project  is  an  understanding 
of  the  molecular  basis  of  cell-cell  interaction  and  adhesion  and  the  roll 
of  the  surface  membrane  in  such  interactions.   The  results  reported  here  will 
be  followed  by  a  more  detailed  analysis  of  those  factors  which  may  affect 
the  cell  membrane  directly  and  indirectly  affect  mating  reactivity.   In 
addition,  we  are  continuing  to  develop  a  procedure  for  isolating  and  puri- 
fying the  mating-type  substances  and  characterizing  the  nature  of  the 
cellular  interaction. 

Publications :   None 
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In  our  previous  studies  of  the  folding  mechanism  of  cytochrome  c^ 
using  complementatary  fragments,  we  have  shown  (by  means  of  stopped-f low 
techniques) ,  that  it  is  possible  to  resolve  the  complementation  (folding) 
process  into  consecutive  kinetic  events  and  to  identify  some  of  the 
structural  changes  associated  with  those  events.   These  experiments  were 
performed  at  a  constant  temperature,  25  C.   We  have  now  completed  a  study 
of  the  temperature  dependence  of  the  rate  constants  (both  forward  and 
reverse)  for  the  complementation  of  heme  fragment  (1-25)H  with  apofragment 
(23-104)  (productive  complex)  and  with  apofragment  (39-104)  (nonproductive 
complex) .   Equilibrium  data  for  the  thermal  unfolding  of  these  complexes 
have  also  been  determined.   Utilizing  both  types  of  data,  activation 
parameters  for  the  various  transition  states  as  well  as  apparent  changes 
in  the  standard  thermodynamic  functions  accompanying  each  kinetic  phase 
have  been  estimated.   A  temperature  jump  study  of  the  reactions  involving 
ligation  of  methionine  80  to  the  heme  iron  in  native  cytochrome  c  as 
well  as  in  a  productive  fragment  complex  has  also  been  completed. 


PHS-604Q 


^32 


ZOl  AM  25,025-05  LCB 

Project  Description: 

Objective:   To  elucidate  the  dynamic  events  involved  in  protein 
folding  using  the  cytochrome  c_  fragment  complementing  system. 

Methods  Employed  and  Major  Findings:   It  is  now  well  known  that 
certain  fragments  of  cytochrome  c_  can  recombine  to  form  noncovalently 
bound  complexes  closely  resembling  the  native  protein.   Productive 
(biologically  active)  and  nonproductive  (biologically  inactive)  complexes 
may  be  distinguished.   We  have  reported  several  studies  dealing  with 
the  kinetics  of  formation  of  these  complexes  with  the  implicit  assumption 
that  understanding  the  dynamic  events  involved  in  fragment  complementation 
would  provide  insights  into  the  mechanism  of  the  self -ordering  of  intact 
polypeptide  chains  as  well. 

Briefly,  the  formation  of  productive  complexes  (e.g.,  (1-25)H: (23-104) , 
(1-38)H: (56-104) ,  and  (1-53)H: (54-104)  was  found  to  occur  in  two  distinct 
kinetic  phases:   an  initial  second  order  reaction  step  resulting  in  the 
formation  of  an  intermediate  complex  exhibiting  the  tryptophan  fluorescence 
quenching  of  native  cytochrome  c_  but  lacking  coordination  of  methionine  80 
to  the  heme  iron,  followed  by  a  first  order  kinetic  step  in  which  ligation 
of  methionine  80  is  established.   Nonproductive  complexes  (e.g.,  (1-25)H: 
(39-104)  and  complexes  utilizing  porphyrin  fragments  rather  than  heme 
fragments)  exhibit  a  very  similar  second  order  reaction  step  while  first 
order  rate  processes  are  not  observed.   Thus,  the  structures  of  nonproductive 
complexes  are  considered  to  mimic  the  intermediate  complex  observed  in  the 
formation  of  productive  structures.   Since  productive  and  nonproductive 
complexes  appear  to  be  differentiated  primarily  on  the  basis  of  the 
presence  or  absence,  respectively,  of  a  native-like  heme  environment,  it 
follows  that  the  structural  details  of  the  heme  environment  are  established 
in  the  first  order  kinetic  phase  (productive  complex)  while  the  second 
order  reaction  step  results  in  species  (intermediate  complex  and  nonproductive 
complexes)  with,  at  the  very  least,  many  of  these  gross  structural  features 
of  the  native  protein. 

In  order  to  obtain  a  more  thorough  understanding  of  the  factors  involved 
in  the  folding  process,  we  have  studied  the  thermal  unfolding  transitions 
and  the  temperature  dependence  of  the  various  rate  constants  for  the 
productive  complex-  (1-25)H: (23-104)  and  for  the  nonproductive  complex 
(1-25)H: (39-104) .   Our  major  findings  are  briefly  summarized  below. 

The  thermal  unfolding  of  the  productive  complex  (1-25)H: (23-104)  was 
monitored  by  changes  in  fluorescence  quenching,  absorbance  of  the  Soret 
band,  and  absorbance  at  695  nm  which  is  specific  for  ligation  of  methionine 
80  to  the  heme  iron.   Fluorescence  measurements  revealed  a  single  transition 
centered  at  approximately  60  C.   Monitoring  the  absorbance  at  695  nm  also 
revealed  a  single  transition,  but  with  a  midpoint  of  35.6  C.   l^7hen  the 
Soret  absorbance  (407  nm)  was  used  to  follow  the  thermal  unfolding,  two 
separate  transitions  were  observed  with  estimated  midpoints  of  33  C  and  58  C. 
Thus,  the  thermal  unfolding  transitions  are  analogous  to  the  two  kinetic 
phases  observed  under  folding  conditions  at  a  fixed  temperature.   That  is, 
both  equilibrium  and  kinetic  measurements  at  695  nm  reveal  a  single  phase 
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corresponding  to  methionine  ligation.   Similarly,  fluorescence  measurements 
in  either  condition  also  show  a  single  phase  corresponding  to  association 
(or  dissociation)  of  the  two  fragments.   Both  phases  can  be  observed  via 
the  Soret  absorbance  by  equilibrium  as  well  as  kinetic  measurements.   Thus, 
the  folding  and  unfolding  transitions  are  qualitatively  similar.   However, 
there  are  quantitative  differences  as  will  be  discussed  further  below. 

The  dissociation  constant  of  the  nonproductive  complex  (1-25)H: (39-104) 
was  determined  at  various  temperatures  between  6  C  and  42  C.   The  results 
indicated  a  maximum  stability  at  approximately  20  C  with  decreased  stability 
at  both  lower  and  higher  temperatures.   The  forward  and  reverse  rate 
constants  were  determined  over  the  same  temperature  range.   An  Arrhenius 
plot  of  the  dissociation  (unfolding)  rates  was  linear,  while  that  for  the 
association  (folding)  rates  was  strongly  curved.   Both  the  variation  in 
stability  and  the  behavior  of  the  rate  constants  with  respect  to  temperature 
are  typical  of  small  globular  proteins.   This  reinforces  the  notion  that 
the  nonproductive  complex  is  a  reasonably  specific  (or  ordered)  type  of 
structure,  probably  closely  related  to  productive  complexes  as  well  as 
the  native  protein  and  supports  our  earlier  conclusions  concerning  the 
folding  mechanism. 

The  temperature  dependence  of  the  rate  constant  for  the  second  order 
reaction  step  in  the  complementation  of  ferric  (1-25)H  with  (23-104) 
(productive  complex)  was  determined  over  a  temperature  range  from  6.5  C 
to  41  C.   Using  fluorescence  quenching  to  monitor  the  reaction  only  the 
second  order  kinetic  phase  is  observed  and  at  these  temperatures  dissociation 
of  the  complex  is  negligable  and,  therefore,  the  data  refer  only  to  the 
association  of  the  fragments.   The  activation  parameters  determined  were 
^iG  =8.6  kcal,  AH*  =8.7  ^cal,  and  AS*  -   0  e.u.   The'  negligable  value  for 
the  activation  entropy  (AS  )  is  interesting  since  association  of  the  two 
fragments  apriori  results  in  loss  of  degrees  of  freedom  and,  therefore, 
a  negative  change  in  entropy.   The  data  indicate  that  there  is  a  compensating 
gain  in  entropy  presumably  due  to  the  hydrophobic  effect.   This  in  turn  suggests 
that  the  transition  state  leading  to  the  intermediate  complex  may  involve 
substantial  burying  of  hydrophobic  residues. 

Data  for  the  first  order  reaction  step  (in  complementation  of 
(1-25)H  with  (23-104))  have  also  been  obtained  over  the  same  temperature 
range.   In  this  case,  the  temperature  range  emcompasses  an  equilibrium 
situation  as  determined  from  studies  of  the  695  nm  (methionine  ligation) 
transition.   Then  the  observed  rate  constant  is  actually  an  apparent  rate 
constant  consisting  of  the  sum  of  the  forward  and  reverse  rate  constants. 
Since  the  temperature  dependence  of  the  equilibrium  constant  is  known  from 
the  thermal  unfolding  studies  it  is  possible  to  calculate  actual  rate 
constants  at  any  given  temperature.   Using  these  data,  and  making  the 
assumption  that  the  unfolding  parameters  for  the  intermediate  complex 
are  reasonably  similar  to  those  for  the  nonproductive  complex,  we  can 
construct  an  energy  diagram  describing  the  folding  mechanism  and  encompassing 
the  transition  states  as  well.   One  of  the  most  interesting  revelations  of 
this  diagram  is  that  the  transition  from  free  fragments  to  the  intermediate 
complex  apparently  involves  only  a  small  change  in  standard  entropy  (AS  =+7e.u.) 
with  a  considerable  change  in  standard  free  energy  (AG°  £  -  8.7  kcal) 
while  the  transition  from  the  intermediate  complex  to  the  productive 
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complex  involves  a  small  (but  significant)  change  in  standard  free  energy 
(AG  =0.7  kcal)  with  a  very  substantial  loss  of  entropy  (AS  =  -64  e.u.)- 
We  have  previously  considered  that  this  reaction  step  involves  relatively 
small  spatial  rearrangements  in  the  tertiary  structure  with  a  significant 
change  in  free  energy.   While  the  change  in  energy  is  indeed  significant, 
the  large  loss  of  entropy  is  quite  impressive.   This  may  mean  that  the 
intermediate  complex  has  a  time  average  structure  not  far  removed  from 
that  of  the  productive  complex,  but  is  considerably  more  flexible.   The 
transition  to  the  productive  complex  then  involves  interactions  (e.g., 
ligation  of  methionine  80  to  the  heme  iron)  which  serve  to  "lock"  the 
tertiary  structure  into  a  much  more  restrictive  subset  of  conformations 
with  concomitant  loss  of  motility  and  entropy.   Since  only  the  productive 
complex,  not  the  intermediate  complex,  can  be  reduced  by  ascorbate,  such 
precise  ordering  may  be  required  for  the  mechanism  which  permits  a  greater 
decrease  in  energy  upon  reduction  of  the  heme  iron  as  compared  with  the 
intermediate  complex  and  hence  would  contribute  to  the  high  redox  potential 
characteristic  of  cytochrome  c. 

In  order  to  further  test  these  ideas  concerning  the  complementation 
mechanism,  we  have  performed  a  series  of  temperature  jump  kinetic  studies 
on  the  productive  complex  (1-25)H: (23-104) .   These  experiments  .utilized 
the  intact  productive  complex  and  directly  monitored  loss  of  methionine 
ligation  (695  nm  band) .   If  our  assumptions  concerning  the  first  order 
reaction  step  in  the  folding  mechanism  are  correct  and  if  the  principle 
of  microscopic  reversibility  is  applicable,  we  should  observe  relaxation 
rates  identical  to  the  apparent  rate  constants  obtained  in  the  folding 
studies.   In  fact,  the  temperature  jump  relaxation  rates  are  approximately 
ten-fold  slower  than  the  corresponding  folding  rates.   This  means  that  the 
use  of  ligand-dissociation  constants  derived  from  thermal  unfolding  data  to 
calculate  forward  and  reverse  rate  constants  for  the  first  order  step 
under  folding  conditions  may  not  be  strictly  correct.   However,  this  has 
little  effect  on  the  interpretation  of  the  energy  diagram  discussed  above, 
since  the  activation  parameters  (as  well  as  changes  in  the  standard 
thermodynamic  functions)  are  very  similar  when  calculated  from  temperature 
jump  kinetic  data.   Nonetheless,  the  difference  in  rates  observed  by  the 
two  methods  does  have  important  implications.   One  possibility  is  that  the 
species  obtained  on  dissociation  of  methionine  80  from  the  heme  iron  of 
the  productive  complex  is  not  the  same  as  the  intermediate  complex  observed 
during  folding.   That  is,  the  folding  and  unfolding  pathways  are  not  strictly 
identical.   A  second  possibility  is  that  the  product  of  the  first  order 
reaction  step  observed  during  folding  is  distinct  from  the  final  productive 
complex.   This  latter  possibility,  however,  seems  less  likely  since  the 
product  of  this  reaction  seems  to  have  spectral  properties  identical  to  the 
productive  complex  as  well  as  the  same  rate  of  reducibility  by  ascorbate. 

Significance  to  Biomedical  Research:   The  understanding  of  the  interatomic 
interactions  underlying  the  conformational  dynamics  and  functions  of  proteins 
is  important  in  the  understanding  of  cellular  mechanisms  involving  proteins. 
These  fragment  complementing  systems  of  cytochrome  _c  are  an  excellent  test 
object  for  analysis  of  the  dynamic  events  reflecting  the  interactions  relevant 
for  the  structure  and  function  of  cytochrome  c_,  an  important  class  of  proteins. 
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Proposed  Course  of  Research:   1)  A  study  of  the  complementation  kinetics 
of  fragments  derived  from  tuna  cytochrome  c_  (previous  experiments  have 
all  been  performed  with  horse  cytochrome  £) .   2)  A  study  of  the  effect  of 
denaturing  conditions  on  the  complementation  mechanism  (e.g.,  subjecting 
the  complexes  to  low  pH,  followed  by  a  rapid  jump  to  neutral  pH.)   3)  A 
study  of  the  factors  affecting  the  relative  ratio  of  complex  (1-25)H: (23-lOA) 
to  that  of  complex  (1-38)H: (56-104)  formed  on  mixing  (1-38)H  and  the 
apoprotein  (1-104) . 

Publications : 

Parr,  G.R.,  and  Taniuchi,  H. :   Kinetic  intermediates  in  the  formation  of 
ordered  complexes  from  cytochrome  c^  fragments:   Evidence  that  methionine 
ligation  is  a  late  event  in  the  folding  process.   J.  Biol.  Chem.  255: 
8914-8918,  1980. 

Parr,  G.R.,  and  Taniuchi,  H.:   Ordered  complexes  of  cytochrome  c_   fragments; 
Kinetics  of  formation  of  the  reduced  (ferrous)  forms.   J.  Biol.  Chem. 
256:   125-132,  1981. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  are  using  a  solubility  assay  at  high  phosphate  concentration  to 
determine  whether  artificial  hemoglobins  A  and  S^  are  different  from  each 
other.   We  have  changed  the  central  metal  in  the  porphyrin  of  the  heme 
£rou£  in  both  hemoglobins  and  are  studying  the  effects  of  high  phosphate 
on  these  reconstituted  hemoglobins.   These  studies  will  allow  us  to  determine 
whether  any  of  our  recent  findings  of  subtle,  but  significant,  conformational 
changes  in  copper,  zinc,  nickel  and  protoporphyrin  IX  hemoglobins  A  affect 
the  solubility  of  this  or  the  reconstituted  hemoglobin  S  form.   This 
information  is  relevant  to  understanding  the  molecular  mechanisms  of 
hemoglobin  aggregation,  especially  for  sickle  cell  hemoglobin. 
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Project  Description: 

Objectives :   The  gelation  of  hemoglobin  S  has  been  of  continuing 
interest  to  this  and  other  laboratories.   We  have  very  recently  studied  the 
inrnunochemical  effects  on  a  variety  of  metalloporphyrins  reconstituted  into 
hemoglobin  A.   The  results  showed  that  conformational  changes  had  taken 
place  in  copper (II),  zinc (II),  nickel (II)  and  protoporphyrin  IX  hemoglobin 
A.   We  are  now  studying  the  solubility  of  these  derivatives  in  hemoglobin  A 
and  S  in  a  high  phosphate  assay  to  see  whether  the  conformational  changes 
have  affected  their  solubility.   The  high  phosphate  assay  is  well  established 
for  testing  the  tendency  of  different  hemoglobins  especially  sickle  hemo- 
globin, to  aggregate. 

Methods  Employed:   Hemoglobins  A  and  S  were  purified  from  the  blood  of 
AA,  SS,  and  SC  donors  by  ion  exchange  chromatography.   Normal  hemoglobins  A 
and  S  were  reconstituted  using  copper,  cobalt,  zinc,  manganese,  nickel, 
protoporphyrin  IX  and  the  native  iron.   This  was  accomplished  by  removing 
the  heme  group  yielding  the  apohemoglobin  and  reconstituting  the  protein 
with  the  above  metalloporphyrin  derivatives.   The  various  raetallohemoglobins 
were  purified  by  column  chromatography  employing  Sephadex  and  carboxymethyl 
cellulose.   The  hemoglobins  were  then  concentrated,  dialyzed  against  0.05  M 
phosphate  buffer,  pH  7.1,  frozen  in  liquid  nitrogen  and  stored  in  a  Revco 
freezer. 

Major  Results:   We  have  demonstrated  that  we  can  obtain  the  same 
values  (i^.e^.  ,  slope  and  midpoint  of  curve)  for  the  solubility  in  high 
phosphate  of  methemoglobin  A  and  reconstituted  methemoglobin  A.   In  addition, 
our  values  for  oxy-  and  deoxyhemoglobin  A  and  oxy-  and  deoxyhemoglobin  S 
agree  closely  with  those  in  the  literature. 

We  find  that  the  manganese (III)  hemoglobin  A  is  similar  to  methemoglobin 
A  in  solubility,  while  copper (II),  nickel (II)  and  zinc (II)  hemoglobin  are 
similar  to  each  other  and  to  the  above.   Copper (II)  and  nickel (II)  hemoglobin 
A  are  throught  to  be  in  the  T  state.   Deoxyhemoglobin  A  and  protoporphyrin 
IX  hemoglobin  A  have  significantly  reduced  solubility.   Oxyhemoglobin  S  has 
a  similar  solubility  to  oxyhemoglobin  A  while  deoxyhemoglobin  S  has  a 
markedly  reduced  solubility.   The  remaining  solubilities  are:   oxyhemoglobin 
S  >  copper (II)  hemoglobin  S  >  nickel (II)  hemoglobin  S  >  zinc (II)  hemoglobin 
S  "^  protoporphyrin  IX  hemoglobin  S  >  deoxyhemoglobin  S. 

Significance  to  Biomedical  Research:   The  various  metallohemoglobin 
derivatives  serve  as  unique  probes  in  studying  the  active  site  of  the 
native  hemoglobin  molecule  and  the  -strucutal  effects  transmitted  to  the 
rest  of  the  protein  moiety.   These  studies  tvrill  help  us  understand  what 
occurs  when  the  iron  atom  in  the  heme  group  of  native  hemoglobin  changes 
its  electronic  properties  when  undergoing  the  R  -»■  T  transition.   The  various 
metalloporphyrin  derivatives  allow  us  to  study  the  effects  of  changes  in 
the  ionic  radius,  electron  spin,  coordination  sphere  and  spin  density  at 
the  active  site  on  the  remainder  of  the  protein  molecule. 

We  showed  previously  by  immunochemical  techniques  that  subtle  but 
significant  changes  had  taken  place  in  some  of  the  reconstituted  derivatives. 
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These  changes  were  manifest  in  some  of  the  antigenic  determinants  on  the 
surface  of  the  hemoglobin  molecule.   The  high  phosphate  assay  has  allowed 
us  to  show  that  changes  in  the  conformation  of  normal  hemoglobin  A  recon- 
stituted with  copper(II),  nickel (II),  zinc(II)  and  Mn(III)  does  not  alter 
the  solubility  when  compared  with  the  corresponding  native  hemoglobin  A. 
On  the  other  hand,  conformational  changes  in  protoporphyrin  IX  hemoglobin 
A  alters  its  solubility  to  less  than  that  of  deoxyhemoglobin  A  and  to  be 
nearly  identical  with  a  1:1  mixture  of  hemoglobin  SA.   In  contrast  to  the 
effects  of  conformational  changes  on  the  solubility  of  the  above  hemoglobin 
A  derivatives,  the  abnormal  hemoglobin  S  derivatives  of  copper (II)  and 
nickel (II)  hemoglobin  S  did  alter  their  solubility  significantly  over  that 
of  native  oxyhemoglobin  S.   Also  both  zinc (II)  and  protoporphyrin  IX  hemo- 
globin S  were  higher  in  solubility  than  deoxyhemoglobin  S  but  not  as  high 
as  copper (II)  and  nickel (II)  hemoglobin  S.   These  metal  substitutions  are 
thus  an  excellent  way  in  which  to  modify  subtly  the  surface  of  the  hemo- 
globin molecule  in  order  to  identify  regions  of  functional  importance  in 
the  polymerization  process. 

Proposed  Course  of  Project:   This  project  will  be  terminated  by  the  end 
of  this  year  and  the  results  submitted  for  publication. 

Publications : 

Alston,  K. ,  Dean,  A.,  and  Schechter,  A.N. :   The  immunochemical  effects 
of  metal  substitution  in  the  prosthetic  group  of  hemoglobin.   Mol. 
Immunol.  17:   1475-1485,  1980. 
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SUMMARY  OF  WORK  (200  «ords  or  less  -  underline  keywords) 

Peptide  inhibitors  of  deoxyhemoglobin  S^  gelation  have  been  tes 
equilibrium  solubility  and  kinetic  assays  of  sickle  hemoglobin  gela 
tides  which  inhibit  gelation  do  so  primarily  by  the  contribution  of 
residues  with  L-Trp>L-T>r>L-Phe>L-Leu>L-Ile>L-Val.   Other  peptides 
designed  using  computer  graphics  to  study  the  intermolecular  contac 
the  crystal  structure .   Tripeptides  which  mimic  residues  in  the  sid 
contact  have  been  synthesized  and  tested  and  are  capable  of  inhibit 
hemoglobin  S  gelation.   The  mechanism  of  action  of  these  peptides, 
they  are  acting  as  stereo specific  competitive  inhibitors  of  sickle 
polymerization,  is  being  studied  by  the  X-ray  difference  Fourier  me 
spectroscopic  methods  to  facilitate  the  design  of  better  inhibitors 
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Project  Description: 

Objectives :   Sickle  hemoglobin  under  physiological  conditions  aggregates 
upon  deoxygenation  to  form  a  viscous  gel  composed  of  long  fibers,  which  is 
believed  to  result  in  the  cell  rigidity  and  deformity  characteristic  of  SS 
erythrocytes.   Since  crystallization  and  formation  of  gels  are  both  processes 
of  aggregation,  a  comparison  has  been  attempted  between  the  three-dimensional 
structure  of  crystals  of  deoxyhemoglobin  S  and  the  results  of  electron 
microscopy  and  x-ray  diffraction  of  fibers .   In  searching  for  a  therapeutic 
agent  for  sickle  cell  anemia  we  are  looking  for  an  additive,  such  as  a 
peptide,  which  will  bind  specifically  to  the  hemoglobin  surface  at  the 
sites  of  interactions  as  found  in  the  crystals  and  which  could  change  the 
kinetics  and/or  the  equilibrium  between  the  free  protein  molecules  and  the 
gel. 

We  have  previously  shown  that  the  aromatic  amino  acids,  phenylalanine 
and  tryptophan,  as  well  as  peptides  containing  phenylalanine,  inhibit 
gelation.   To  characterize  better  the  effects  of  these  compounds,  we  are 
studying  phenylalanine  analogs,  dipeptides  and  tripeptides  with  residues  of 
varying  hydrophobicity  and  charged  side  chains.   Some  of  these  compounds 
are  much  more  soluble  than  the  aromatic  amino  acids  and  allow  us  to  study 
their  effects  over  a  broad  range  of  concentration. 

These  studies  of  the  effects  of  structural  modification  and  peptides 
on  deoxyhemoglobin  S  gelation  should  provide  useful  information  in  the 
rational  design  of  a  potent  stereospecif ic  inhibitor  of  sickle  hemoglobin 
gelation. 

Methods  Employed:   The  effect  of  various  additives  on  deoxyhemoglobin 
S  solubility  is  determined  by  high  speed  sedimentation  (170,000  x  G,  1  hr. , 
37  C)  and  the  solubility  determined  by  spectrophotometric  assay  of  the 
supernatant. 

We  have  used  the  Display  Graphics  System  at  DCRT  to  study  the  molecular 
structure  of  the  deoxyhemoglobin  S  crystal,  particularly  around  the  3   and 
S   regions  of  intermolecular  contact  for  designing  peptides  to  bind  to  the 
complementary  sites.   The  peptides  assayed  were  synthesized  by  the  Merrifield 
solid-phase  technique  and  the  final  product  purified  by  ion-exchange  and 
gel  filtration  chromatography. 

In  collaboration  with  M.F.  Perutz  and  S.E.V.  Phillips  (MRC,  England) 
crystals  of  deoxyhemoglobin  S  are  being  grown  under  a  variety  of  conditions 
and  soaked  in  phenylalanine,  or  one  of  the  other  phenylalanine  analogs  or 
dipeptide  solutions.   The  X-ray  diffraction  patterns  will  be  recorded  and 
the  structure  and  location  of  the  additives  determined  by  difference  Fourier 
maps.   Phenylalanine  analogs,  with  various  substitutions  in  the  aromatic 
group  or  on  the  aliphatic  group  are  synthesized  by  Dr.  Peter  Schiller 
(Clinical  Research  Institute  of  Montreal) . 

22 

Major  Results:   The  region  surrounding  glutamic  acid  6   is  involved 

in  the  axial  (up-down)  contact  of  hemoglobin  molecules  within  the  double 
stranded  structure  of  the  crystal.   Six  peptides  of  3-8  residues  were 
designed  to  interact  with  this  region,  synthesized  and  tested.   Unfortunately, 
none  of  these  peptides  inhibited  gelation  and  they  all  decreased  deoxyhemoglobin 
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S  solubility,  similar  to  the  non-ideal  effect  of  large  peptides.   Complimentary 
to  the  3   region  is  the  S  valine  in  hemoglobin  S.   The  peptide  3  4-6  (L- 
Thr-L-Pro-L-Val)  did  not  inhibit  gelation  while  the  analogous  tripeptide  L- 
Thr-L-Pro-L-Phe,  had  a  significant  inhibitory  effect.   Modified  tripeptides 
were  assayed  to  define  better  the  structural  requirements  for  inhibition; 
the  carboxy-terminal  charge  has  no  significant  effect  on  the  inhibitory 
capacity  of  the  tripeptides  containing  phenyl  groups,  while  tripeptides 
containing  isobutyl  groups  as  hydrophobic  parts  of  the  molecule  have  inhibi- 
tory effects  only  when  the  carboxy-terminal  charge  is  absent.   Binding 
studies  of  these  amino  acids  and  tripeptides  are  limited  by  their  solubility. 

We  have  also  assayed  dipeptides  containing  at  L-Arg,  L-Lys,  Gly  or  L- 
Asp  and  L-Trp ,  L-Tyr ,  L-Phe,  L-Ile,  L-Leu  or  L-Val.   The  charged  residue 
solubilized  the  compound  and,  in  some  cases,  L-Arg  complemented  the  inhibition 
shown  by  the  rest  of  the  molecule.   The  hydrophobic  residue  was  the  primary 
determinant  of  effectiveness  of  the  dipeptides  (L-Trp>L-Tyr>L-Phe>L-Leu>L- 
Ile>L-Val)  although  this  is  not  the  sole  determinant  (dipeptides  with  L-Tyr 
were  more  effective  than  those  with  L-Phe,  although  L-Phe  is  more  hydrophobic). 
Further  modifications  of  these  dipeptides  were  studied  by  synthesis  of 
dipeptides  which  differ  by  the  absence  of  the  carboxy-terminal  group.   L- 
Lys-phenethylamide  was  only  slightly  more  effective  than  L-Lys-L-Phe; 
however,  L-Lys-L-Val  had  no  inhibitory  effect  on  deoxyhemoglobin  S  gelation 
whereas  L-Lys-isobutylamide  increased  solubility  18%  at  100  mM. 

Phenylalanine  analogs  with  various  ring  and  side  chain  modifications 
were  also  tested  in  the  solubility  assay.   It  was  found  that  electron 
donating  groups  (NH.  or  CH„)  on  the  phenyl  ring  do  not  significantly  alter 
the  inhibitory  effect,  whereas  the  electron  withdrawing  group  (NO  )  eliminates 
the  effect  entirely.   The  importance  of  the  side  chain  composition  is  also 
emphasized  by  the  absence  of  the  inhibitory  effect  in  phenylethylglycine 
methylester  and  0-nitrophenylalalnine  methylester.   All  of  these  analog 
compounds  were  very  water  soluble,  facilitating  future  binding  studies. 

At  present  the  exact  mechanism  of  the  inhibition  of  gelation  is  uncer- 
tain.  We  are  now  working  with  Drs.  S.E.V.  Phillips  and  M.F.  Perutz  of  the 
MRC  Laboratory  of  Molecular  Biology  to  determine  the  binding  sites  of  these 
peptides  by  difference  Fourier  analysis  from  X-ray  crystallography. 

Significance  to  Biomedical  Research:   The  intracellular  gelation  of 
sickle  hemoglobin  is  the  basis  of  the  pathophysiology  of  sickle  cell  anemia. 
Recent  progress  in  understanding  the  molecular  basis  of  gelation  and  the 
structure  of  the  deoxyhemoglobin  S  gel  and  crystal  has  opened  the  possibility 
of  designing  specific  inhibitors  of  gelation  which  might  have  ultimate 
therapeutic  importance.   We  are  studying  phenylalanine  analogs  and  peptides 
complementary  to  the  surface  of  the  hemoglobin  molecule  for  this  purpose 
and  specifically  to  determine  the  site  of  additive  interaction.   Such 
information  may  lead  to  the  determination  of  a  class  of  analogs  or  peptides 
with  significant  inhibitory  effect,  greater  than  that  of  free  phenylalanine 
for  example.   However,  possible  problems  with  cell  permeability,  toxicity, 
and  biological  life-time  will  also  have  to  be  considered.   At  present,  this 
approach  is  among  the  most  promising  in  this  disease  and  serves  as  a 
general  model  for  the  inhibition  of  protein-protein  interactions  in  other 
systems. 
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Proposed  Course  of  Research:   We  plan  to  continue  our  strategy  of 
molecular  modeling  to  design  and  synthesize  peptide  inhibitors  of  deoxy- 
hemoglobin  S  gelation  and  to  assay  structural  analogs  of  phenylalanine  to 
determine  more  specific  structural  requirements.   In  addition,  it  is 
necessary  to  clearly  define  the  mechanism  of  action  of  these  compounds.   We 
will  use  the  X-ray  difference  Fourier  method  and  nuclear  magnetic  resonance 
to  attempt  to  identify  binding  of  these  compounds  to  hemoglobin. 

Publications : 

Luskey,  K.L. ,  Pavone,  V.,  Noguchi,  C.T.,  and  Schechter,  A.N. :   Peptides 
as  Inhibitors  of  the  Gelation  of  Sickle  Hemoglobin.   In  Sigler,  P.B. 
(Ed. ) :   Molecular  Basis  of  Mutant  Hemoglobin  Dysfunction.   New  York, 
Elsevier-North  Holland,  in  press. 

Luskey,  K.L. ,  Schechter,  A.N. ,  and  Hercules,  J.I.:   New  Approaches  to 
the  Therapy  of  Sickle  Cell  Disease.   Texas  Reports  on  Biology  and 
Medicine,  in  press. 

Schechter,  A.N. :   Stereospecif ic  Inhibitors  of  the  Gelation  of  Sickle 
Hemoglobin.   Hemoglobin  4:   335-345,  1980. 

Thomas,  K.A.  and  Schechter,  A.N. :   Protein  folding:   structural, 
evolutionary  and  chemical  aspects.   In  Goldberger,  R.F.  (Ed.), 
Biological  Regulation  and  Development,  Vol.  2,  New  York,  Plenum  Press, 
1980,  pp.  43-100. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  zona  pellucida  is  a  glycocalyx  that  surrounds  the  maturing  mammalian 
oocyte.   Using  a  murine  follicle  culture,  we  have  demonstrated  the  biosynthesis 
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As  demonstrated  on  two-dimensional  O'Farrell  gels,  each  glycoprotein  has  marked 
charge  and  size  heterogeneity  which  can  be  eliminated  by  pre-incubation  with 
tunicamycin.   We  are  now  undertaking  studies  to  determine  the  mechanism  of 
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Project  Description: 

Objectives :   We  are  interested  in  examining  the  molecular  mechanism  of 
gene  expression  in  the  maturing  oocyte  using  the  macromolecules  of  the  zona 
pellucida  as  models.   We  have  utilized  an  in  vitro  murine  follicle  culture 
system  to  demonstrate  the  biosynthesis  and  inhibition  of  synthesis  with  FSH 
and  LH  of  the  three  zona  glycoproteins.   We  have  isolated  and  partially 
characterized  these  three  proteins  in  the  first  step  in  a  longer  range  project 
to  understanding  the  control  of  their  expression  during  early  development. 

Methods  and  Major  Results:   At  birth,  ova  in  the  female  mouse  are  in 
mieotic  arrest  and  have  no  potential  for  mitotic  cell  division  prior  to 
fertilization.   Thus,  the  first  major  object  in  our  work  was  to  obtain  ade- 
quate biological  material.   To  obtain  zona  proteins  we  have  modified  pre- 
viously published  methods  for  the  short  term  in  vitro  culture  of  mouse 
follicles.   Two  thousand  follicles  are  isolated  from  8  day  old  DBA/2  females 
and  grown  in  culture  for  seven  days  in  such  a  manner  that  the  granulosa 
cells  spread  in  a  monolayer  and  trap  the  oocytes  underneath.   During  this 
period  the  eggs  enlarge  to  a  diameter  of  65-70  ym  and  undergo  a  maturation 
process  which  includes  the  production  of  the  zona  pellucida.   The  zona  is 
an  acellular  matrix,  composed  of  glycoproteins,  which  surrounds  the  oocyte 
and  has  a  diameter  of  approximately  5-7  ym. 

This  culture  system  has  several  unique  advantages.   First,  it  allows  us 
to  manipulate  the  hormonal  millieu  of  the  eggs  and  mimic  the  in  vivo  environ- 
ment of  the  maturing  egg.   We  have  found  that  by  incubating  our  culture  with 
FSH  (.5  pg/ml)  for  six  days  followed  by  LH  (.5  pg/ml)  for  24  hours  that  the 
production  of  the  zona  pellucida  can  be  inhibited  (just  as  it  is  following 
the  first  mieotic  division  that  occurs  at  ovulation).   Secondly,  by  using 
radioactive  precursors  we  can  partially  overcome  the  paucity  of  biological 
material  that  has  heretofore  hampered  the  structural  analysis  of  the  zona. 
Thirdly,  we  have  found  that  by  using  inhibitors  and  antibiotics  that  we 
have  gained  insight  not  only  into  the  structure  of  the  macromolecules  of 
the  zona  but  also  of  the  mechanism  of  control  of  their  expression. 

We  have  developed  a  new  method  for  the  isolation  of  the  zona  pellucida 
as  an  intact  structure  by  freeze-thawing  in  the  presence  of  0.2%  NP-40.   We 
have  used  three  criteria  for  its  purity.   First  we  have  examined  the  end 
product  by  high  resolution  Nomarski  optics  microscopy.   Second,  we  have 
tested  for  the  absence  of  cytoplasmic  lactic  dehydrogenase  and  plasma 
membrane  ATPase  and  third  we  have  examined  the  protein  composition  by  SDS- 
polyacrylamide  gels.   Our  product,  which  can  be  obtained  in  a  65%  yield,  is 
pure  by  these  criteria.  ^,  nc 

Using  radioactive-amino  acids  C      [C]-amino  acids,    ^^]-methionine/cys- 
teine)  carbohydrates  (  [H]-fucose,   [H] -glucosamine)  and    [S]-sulfate  we 
have  endogenously  labeled  the  zona  pellucida  to  relatively  high  specific 
activity.   The  proteins  have  been  analyzed  by  one-dimensional  SDS-polyacryla- 
mide  electrophoresis  and  by  two-dimensional  O'Farrell  gels  using  isoelectric 
focusing  in  the  first  dimension  and  SDS-polyacrylamide  slab  gels  in  the 
second  dimension.   Fluorography ,  according  to  the  methods  of  Bonner  and 
Laskey  is  used  to  detect  radioactive  proteins.   We  have  demonstrated  that 
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the  zona  pellucida  is  comprised  of  three  major  sulfate-containing  glyco- 
proteins, designated  as  ZP-1 ,  ZP-2  and  ZP-3.   Their  molecular  weights  are 
185,000,  140,000  and  87,000,  respectively.   After  reduction,  ZP-1  co- 
migrates  with  ZP-2  although  it  appears  to  be  a  distinct  protein.   Each  band 
shows  considerable  heterogeneity,  which  when  displayed  on  0-Farrell  gels 
can  be  separated  into  charge  heterogeneity  (due  to  sialic  acid  content)  and 
size  heterogeneity  (due  to  varying  lengths  of  carbohydrate  side  chains) . 
Incubation  of  our  cultures  with  tunicamycin  inhibits  >97%  of  labeled  sugars 
incorporation  indicating  that  essentially  all  of  the  carbohydrate  is  linked 
N-glycosidically  to  the  asparagine  of  the  core  protein.   Both  the  size  and 
charge  heterogeneity  as  determined  on  2-dimensional  gels  disappears  after 
treatment  with  tunicanycin. 

We  have  found  that  the  zona  pellucida  can  be  solubilized  by  4  M  urea/. 2 
M  NaCl.   The  three  component  macromolecules  can  be  separated  by  HPLC  using 
a  SW4000  column  and  identified  by  SDS-polyacrylamide  gel  electrophoresis  as 
glycosylated  ZP-1,  ZP-2  and  ZP-3.   If  we  pre-treat  our  cultured  follicles 
with  tunicanycin,  we  can  obtain  non-glycosylated  ZP-1,  ZP-2  and  ZP-3. 
We  are  now  able  to  assay  the  ability  of  capacitated  sperm  to  bind  to  each 
of  these  fractions  to  determine  which  zona  protein (s)  are  responsible  for 
the  species  specific  binding  of  sperm,  to  egg  and  whether  or  not  the  carbo- 
hydrate moiety  is  necessary  for  this  interaction.   Isolation  by  HPLC  will 
also  allow  us  to  obtain  larger  quantities  of  the  zona  proteins  which  will 
be  used  not  only  for  further  physico-chemical  studies  but  also  as  iramunogens 
to  prepare  anti-zona  pellucida  monoclonal  antibodies. 

We  plan  to  continue  our  studies  on  the  characterization  of  the  zona 
proteins  and  to  determine  the  structural  basis  of  their  biological  role  in 
sperm  binding.   We  will  use  our  ability  to  isolate  the  zona  pellucida  as  an 
intact  structure  to  obtain  monoclonal  antibodies  to  the  native  zona.   These 
exquisitely  sensitive  probes  will  be  used  to  examine  the  supramolecular 
structure  of  the  zona  pellucida  before  and  after  fertilization.   We  will 
also  use  them  in  studies  to  determine  the  molecular  mechanism  of  the 
inhibition  of  the  zona  protein  biosynthesis  which  we  can  mimic  in  our  in 
vitro  follicle  culture  system. 

Significance  to  Biomedical  Research  and  Proposed  Course  of  Project:   The 
biochemical  basis  of  early  mammalian  development  is  not  well  understood.   The 
zona  proteins  represent  a  model  system  in  which  the  biosynnthesis  and  inhibi- 
tion of  synthesis  can  be  studied  during  the  maturation  of  the-  oocyte.   There 
is  reason  to  believe  from  other  developmental  systems  that  the  mechanisms  of 
control  of  gene  expression  in  the  totipotent  cells  of  early  development  may 
be  different  from  those  elucidated  in  more  differentiated  cells. 

In  a  biochemical  sense  this  project  represents  a  system  in  which  cell- 
cell  interaction  and  the  proteins  that  mediate  these  specific  interactions 
can  be  studied.   The  zona  proteins  may  act  as  receptors  and  bind  sperm 
surface  ligands  in  a  reversible  manner  or  they  may  irreversibly  modify  sperm 
surface  proteins  so  as  to  facilitate  binding  and  penetration  of  the  zona 
pellucida  by  the  sperm.   Subsequent  fusion  of  the  sperm  with  the  oocyte 
represents  an  initiating  point  in  cell  division  and  embryogenesis .   Studies 
on  changes  in  surface  and  cytoplasmic  proteins  can  be  undertaken  so  as  to 
begin  to  sort  out  the  complex  variables  that  regulate  early  mammalian 
differentiation. 
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In  addition  to  their  utility  as  a  model  system,  the  zona  proteins  also 
play  a  major  role  in  fertilization.   An  understanding  of  the  molecular  basis 
of  mammalian  fertilization  would  open  the  possibility  of  modulating  the  sperm- 
egg  interaction.   This  in  turn  could  have  profound  practical  application  in 
animal  husbandry  and,  perhaps ,, in  development  of  more  effective  means  of  pre- 
vention of  world  overpopulation. 

Publications:   None 
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Antibodies  to  human  lymphoblastoid  interferon  have  been  produced  in  both 
sheep  and  rabbits  using  partially  purified  interferon  as  immunogen.   Synthetic 
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synthetic  fragments  have  also  been  utilized  to  purify  antisera  raised  to  native 
human  interferon  and  produce  fractions  of  y   globulin  with  defined  antigenic 
site  specificity. 
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Project  Description: 

Objectives :   Antibodies  to  human  lymphoblastoid  interferon  have  been 
produced  in  sheep  for  the  past  three  years.   Recently,  only  highly  purified 
interferon  preparations  have  been  used  as  immunogen  in  the  sensitized  sheep 
with  resultant  production  of  significantly  higher  titer  of  antibody  and 
much  greater  specificity  than  was  previously  obtained.   Sheep  are  subjected 
to  plasmaphoresis  and  the  plasma  is  clotted  and  delipidized  with  dextran 
sulphate.   Dilutions  of  1/10   are  capable  of  50%  neutralization  of  interferon 
activity.   IgG  has  been  purified  from  this  antiserum  and  used  to  make  an 
immunoadsorbent  affinity  column. 

Synthetic  fragments  1-22,  1-26,  and  121-166  of  human  a^  interferon 
have  been  prepared  and  partially  purified.   These  have  been  used  as  immunogen 
either  coupled  to  large  molecular  weight  carrier  molecules  such  as  poly- 
alanine-lysine  or  in  the  case  of  the  46-residue  fragment  (121-166)  or  free 
polypeptides.   Several  rabbits  have  produced  serum  capable  of  binding 
native  a   interferon. 

Polyclonal  antibodies  produced  in  sheep  by  immunization  with  native 
human  a  interferon  have  been  fractionated  by  adsorption  to  affinity  chroma- 
tography columns  made  from  synthetic  interferon  fragments  bound  to  Sepharose. 
Antibodies  to  the  determinant  contained  in  the  N-terminal  1-26  and  C- 
terminal  121-166  have  been  prepared  and  will  be  used  to  probe  the  sites  on 
native  interferon  which  are  responsible  for  receptor  site  interaction. 
Certain  monoclonal  antibodies  have  been  prepared  by  other  ivestigators 
(Arnheiter  £t_  aJ^.  ,  Nature  1980,  in  press)  which  bind  interferon,  but  have 
no  effect  on  anti-viral  activity.   The  site-specific  polyclonal  preparation 
we  have  made  will  be  used  for  similar  studies. 

There  are  large  amounts  of  low  titer  sheep  anti-interf eron  available. 
Using  these  peptide  affinity  columns,  these  antibodies  can  now  be  purified 
and  used  for  more  efficient  purification  of  human  lymphoblastoid  interferon 
or  larger  synthetic  fragments  of  interferon.   The  availability  of  specific 
antibodies  would  also  be  useful  as  a  means  of  trapping  large  synthetic 
fragment  condensation  products  during  enzymatic  synthesis  of  human  interferon. 

Publication: 

Smith,  M.E.,  Komoriya,  A.,  and  Anfinsen,  C.B. :   Chemical  synthesis  and 
properties  of  fragments  of  human  leukocyte  interferon.   In  de  Maeyer, 
E.,  Galasso,  G.  and  Schellekens ,  H.  (Eds.):   The  Biology  of  the 
Interferon  System,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  are  investigating  the  mechanisms  by  which  the  mammalian  egg  processes 
sperm  chromatin  prior  to  the  expression  of  the  male  genome  in  early  embryo 
genesis.   During  spermatogenesis  the  somatic  histones  are  replaced  by  cysteine- 
rich  protamines  which  form  the  nucleus  into  a  morphologically  dense  structure. 
I-Jhen  isolated,  these  nuclei  are  extraordinarily  resistant  to  chemical,  physical 
and  enzymatic  attack.   However,  upon  penetration  into  the  egg's  cytoplasm,  the 
nuclei  are  rapidly  processed  in  a  series  of  reactions  that  include  the  reduction 
of  disulfide  bonds,  the  decondensation  of  the  nuclei  and  the  reconstitution  of 
_the  DNA  onto  somatic  histones .   Using  endonucleases  as  probes,  we  have  demon- 
strated In  vitro  that  after  reduction  and  alkylation  of  purified  sperm  nuclei, 
we  can  mimic  the  decondensation  and  reconstitution  steps  with  a  polyacidic 
protein.   We  are  now  assaying  the  oocytes  for  the  macromolecules  that  mediates 
these  reactions  in  vivo. 
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Project  Description: 

Objectives :   Our  laboratory  is  interested  in  the  expression  of  the 
male  genome  in  early  mammalian  development.   During  spermatogenesis  the 
somatic  histones  of  the  sperm  nuclei  are  replaced  by  protamines  rich  in 
cysteine  and  the  nucleus  is  formed  into  a  very  morphologically  dense 
structure.   However,  after  penetration  through  the  outer  vestments  of  the 
egg  and  the  oocyte  plasma  membrane,  the  sperm's  dense  chromatin  undergoes 
dramatic  decondensation  in  the  egg's  cytoplasm.   Subsequently,  it  is  thought 
to  be  reconstituted  onto  somatic  histones  in  the  male  pronucleus  which 
fuses  with  the  female  pronucleus  prior  to  the  first  cell  division.   Our 
objective  is  to  better  understand  the  structure  of  sperm  chromatin  and  to 
study  the  molecular  events  that  cause  the  intracellular  processing  of  the 
sperm  nucleus . 

Methods  and  Major  Results:   The  caudal  head  of  epipdymi  from  NIH 
random  bred  male  mice  are  minced  in  tissue  culture  dishes  to  release  mature 
motile  sperm.   These  sperm  are  sieved  through  a  nylon  screen,  washed  and 
sonicated  in  the  presence  of  proteolytic  inhibitors  with  a  non-ionic 
detergent  to  release  surrounding  membranes  and  tail  structures.   After 
centrifugation  through  a  sucrose  gradient,  the  resulting  products  appear  as 
morphologically  dense  helmet  shaped  nuclei  free  of  contaminating  tail  or 
membrane  structures. 

These  nuclei  are  extremely  resistant  to  disruption  by  proteolytic 
enzymes,  endonucleases ,  extremes  of  pH  or  temperature,  chaotropic  agents, 
ionic  or  non-ionic  detergents,  high  or  low  salt  concentrations  and  sonication. 
If  these  isolated  nuclei  are  reduced  and  alkylated,  there  is  no  change  in 
their  morphology.   However,  if  they  are  now  treated  with  0.5M  or  greater 
NaCl,  guandinium  hydrochloride,  or  ionic  detergents,  they  undergo  a  deconden- 
sation reaction  that  clearly  mimics  what  is  seen  microscopically  in  vivo. 

Polyglutamic  acid  can  also  mimic  this  reaction,  although  positively 
charged  species  such  as  somatic  histones  or  polylysine  can  not.   We  have 
used  staphyococcal  nuclease  as  a  probe  of  the  structure  of  sperm  nuclei. 
After  isolation,  the  nuclei  are  completely  resistant  to  digestion  with  S. 
nuclease.   However,  after  reduction  and  alkylation,  35%  of  the  nuclear  DNA  can 
be  digested  and  these  digestion  products  have  a  heterodisperse  pattern  on 
agarose  gel  electrophoresis.   After  incubation  with  a  three-fold  excess  of 
polyglutamic  acid,  not  only  do  the  nuclei  decondense  morphologically  but 
more  than  85%  of  their  DNA  can  be  digested  by  nuclease.   There  is  still  a 
heterodisperse  pattern  of  their  digestion  products.   When  both  polyglutamic 
acid  and  avian  red  blood  cell  histones  are  added  to  reduced  and  alkylated 
nuclei  in  a  weight  ratio  of  3.0  to  0.75  and  incubated  at  37  C  for  6  hours, 
the  nuclei  decondense.   Furthermore,  using  nuclease  as  a  probe  we  have 
demonstrated  that  the  DNA  is  reconstituted  onto  the  somatic  histones  and  the 
digestion  products  now  have  a  characteristic  nucleosome  pattern. 

Significance  to  Biomedical  Research  and  Proposed  Course  of  Project:   The 
expression  of  the  male  genomne  in  the  early  embryo  may  play  an  important 
role  in  early  embryopathies  and  dysmorphogenic  syndromes.   We  are  seeking 
to  understand  the  initial  processing  of  the  sperm  nuclei  that  appears  to  be 
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necessary  prior  the  transcription  of  paternal  DNA.   Furthermore,  the  molecular 
mechanism  of  chromatin  decondensation  and  the  reconstitution  of  the  DNA 
onto  somatic  histones  may  involve  processes  that  are  also  operative  in 
somatic  cell  mitosis.   Thus,  an  understnading  of  these  processes  in  develop- 
ment may  also  be  generalized  and  enhance  our  knowledge  of  somatic  cell 
division. 

We  have  recently  been  able  to  demonstrate  that  lysates  obtained  from 
eggs  after  ovulation  but  before  fertilization  can,  by  morphological  criteria, 
decondense  the  sperm  nucleus.   We  now  plan  to  radioactively  label  the  sperm 
nuclei  and  use  the  nuclease  probe  to  determine  if  the  lysate  can  process 
the  sperm  nucleus  in  a  manner  similar  to  our  model  acidic  protein.   If  so, 
we  then  hope  to  be  able  to  isolate  and  characterize  the  macromolecules  in 
the  lysates  that  mediate  such  an  important  biological  process. 

Publications:   None 
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13 

Natural  abundance   C  nuclear  magnetic  resonance  methods  have  been 

previously  used  by  this  laboratory  to  study  intracellular  gelation  of 
sickle  hemoglobin.   In  the  present  project  we  have  extended  this  work 
to  characterize  the  proton-enhanced  NMR  spectrum  of  normal  red  cells. 
We  found  that  normal  erythrocytes  display  a  reproducible  spectrum 
attributable  to  physically  immobilized  membrane  lipid  and  immobilized 
membrane-associated  protein,  presumably  cytoskeleton.   Binding  of 
hemoglobin  to  membrane  was  not  detected.   This  technique  should  be 
useful  in  further  studies  of  erythrocyte  physiology  and  the  physiology 
of  nucleated  cells. 
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Project  Description: 

Objectives :   This  project  is  designed  to  observe  and  characterize 
the  proton-enhanced  natural  abundance   C  MMR  spectrum  of  normal  erythrocytes. 
Our  goal  is  to  identify  the  sources  of  the  resonances  and  to  study  changes 
in  the  physical  states  of  intracellular  and  membrane  molecules  as  revealed 
by  this  technique. 

Methods  Employed:   Natural  abundance  proton-enhanced   ti/   C  magnetic 
double  resonance  techniques  as  previously  developed  in  this  laboratory  were 
utilized.   These  techniques  are  selectively  sensitive  to  motionally  restricted 
carbon-containing  molecules  and  are  therefore  powerful  tools  for  investigation 
of  various  biophysical  processes  in  intact  cells.   Once  the  source  of 
the  observed  signal  is  determined,  changes  in  the  spectrum  under  various 
physiological  stimuli  provide  information  on  the  changes  in  its  physical 
motion. 

Major  Findings:   The  proton-enhanced  spectrum  of  normal  erythrocytes 
showed  a  reproducible  pattern,  indicating  presence  of  immobilized  molecules. 
The  shape  of  the  spectrum  lines  suggested  that  phospholipid  accounted  for 
most  of  the  signal,  and  this  was  correlated  by  studies  in  which  the 
proton-carbon  contact  times  were  varied.   In  the  latter  studies,  a  small 
component  with  characteristics  of  membrane  bound  protein  was  identified. 
In  special  studies  using   C  carbon  monoxide  to  label  hemoglobin,  no 
immobilized  hemoglobin  was  detected  in  intact  erythrocytes.   Therefore, 
we  conclude  that  most  of  the  signal  originates  in  bilayer  lipid  with  a 
small  component  from  membrane-associated  protein  which  we  believe  to 
be  cytoskeleton. 

Significance  to  Biomedical  Research:   The  significance  of  these  findings 
is  threefold: 

^_   1:   These  studies  show  the  feasibility  of  using  proton-enhanced 

C  MMR  to  study  the  biophysical  properties  of  normal  intact  cells.   Since 
many  cell  types  have  important  functions  which  rely  on  physical  changes 
of  intracellular  components  (e.g.  secretion,  adhesion,  motility)  this 
method  of  analysis  has  many  potential  uses.   In  the  case  of  the  erythrocyte, 
changes  in  the  def ormability  of  the  cell,  perhaps  dependent  on  changes 
in  the  physical  state  of  the  cytoskeleton,  can  potentially  be  investigated 
in  the  intact  cell. 

2:   Over  the  past  ten  years  many  laboratories,  including  this  one, 
have  studied  binding  of  hemoglobin  to  erythrocyte  membranes  in  vitro . 
It  has  been  proposed  that  binding  might  regulate  some  aspect  of  cell 
metabolism  or  could  initiate  hemoglobin  S  gelation.   However,  since  binding 
occurs  in  vitro  only  under  nonphysiologic  conditions  of  pH  and  ionic  strength, 
the  significance  has  remained  uncertain.   The  present  study  is  the  first 
to  seek  evidence  of  binding  in  intact  cells .   Since  binding  could  not 
be  detected,  an  upper  limit  is  placed  on  the  amount  of  hemoglobin  bound 
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to  the  membrane  under  physiologic  conditions. 

3:   The  present  predominant  view  of  the  physical  state  of  membrane 
phospholipid  i_._e.  that  it  is  spinning  rapidly  along  the  long  axis  with 
relatively  little  inter-leaflet  "flip-flop",  is  supported. 

Proposed  Course:   These  studies  will  be  prepared  for  publication  and  will 
be  continued  as  parts  of  several  other  on-going  projects  in  this  laboratory. 

Publication: 

Schneider,  A.B.  and  Schechter,  A.N. :   Isoelectric  focusing  and  electro- 
phoretic  studies  of  human  hemoglobins.   Deyl,  Z.  (Ed.):   Electrophoresis : 
A  Survey  of  Techniques  and  Applications  (Part  B) ,  Elsevier-North  Holland, 
Amsterdam,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  aim  of  this  project  is  the  thermodynamic  characterization  of  the 
polymerization  (gelation)  of  sickle  cell  hemoglobin.   We  have  shown  how 
osmotic  stress  of  deoxyhemoglobin  S  solutions  can  create  the  gel  state  and 
that  the  chemical  potentials  of  these  preparations  can  be  measured  both  below 
and  above  the  gel  phase  transition.   The  information  so  obtained  should  yield 
the  enthalpy  and  entropy  of  gelation,  better  assays  of  gelation  inhibiting 
ligands,  a  measure  of  molecular  contact  energies,  and  data  to  test  theories 
of  deoxyhemoglobin  S  polymerization  and  alignment. 
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Project  Description: 

Objectives :   The  purpose  of  this  study  is  to  determine  precisely  the 
thermodynamic  changes  occurring  during  the  polymerization  of  sickle  cell 
hemoglobin  (HbS) .   The  osmotic  stress  technique  we  use  allows  one  to  set  the 
chemical  potential  of  hemoglobin,  both  in  its  soluble  and  in  its  gelled  forms. 
By  measuring  the  HbS  concentration  as  a  function  of  this  imposed  chemical 
potential,  we  locate  the  potential  and  concentration  at  the  point  of  gelation. 
By  finding  this  critical  chemical  potential  as  a  function  of  temperature,  we 
will  then  determine  heats  and  entropies  of  the  monomer  to  gel  transition 
using  thermodynamic  definitions  free  of  modeling  assumptions. 

This  thermodynamic  information  can  then  be  used  in  several  ways: 

(1)  to  achieve  more  reliable  estimates  of  the  contact  energies  that 
cause  aggregation  of  the  individual  HbS  molecules; 

(2)  to  gauge  the  changes  in  such  binding  energies  by  the  addition  of 
gelation  inhibiting  ligands; 

(3)  to  resolve  apparent  discrepancies  that  result  from  quantitative  use 
of  centrifugation  supernatant  assays  of  HbS  solubility; 

(4)  to  reveal  the  work  of  concentrating  HbS  fibers  in  the  gel  state; 

(5)  to  test  theoretical  models  of  the  monomer  to  gel  transition. 

The  same  stress  procedure  applied  will  give  analogous  information  on  the 
crystallization  thermodynamics  of  proteins  capable  of  crystallization.   Data 
both  on  crystallization  and  gelation  will  be  used  in  studies  on  intermolecular 
forces  among  proteins  whose  aim  is  to  develop  reliable  methods  for  computing 
forces  governing  protein  or  nucleic  acid  assembly. 

Methods :   The  osmotic  stress  method  has  been  used  for  several  years  to 
measure  forces  between  bilayer  membranes  in  multilayers  and  between  muscle 
filaments  in  whole  cells.   The  idea  is  to  let  a  system  under  study  equilibrate 
with  a  polymer  solution  whose  polymers  can  not  enter  the  space  between  the 
membranes,  filaments,  or  molecules  whose  interactions  are  to  be  measured. 
The  previously  determined  osmotic  pressure  of  the  polymer  solution  is  then  a 
measure  of  the  force  of  pulling  water  out  of  the  membrane  or  protein  system 
and  equivalent  of  the  work  of  bringing  together  membranes,  or  filaments  or 
proteins.   In  principle,  one  can  measure  all  thermodynamic  potentials  for 
protein  solutions  or  suspensions  under  a  very  wide  variety  of  conditions. 

For  the  present  HbS  measurements,  we  successfully  designed  and  con- 
structed a  carousel  for  simultaneously  immersing  several  HbS  solutions  into 
dextran  solutions  in  bags  tied  from  dialysis  tubing.   The  entire  unit  is 
itself  immersible  in  a  water  bath  for  the  several  days  often  needed  to  ensure 
dextran/HbS  equilibration. 

HbS  preparation  and  handling  were  as  practiced  in  this  laboratory.   Con- 
centrations of  the  HbS  preparations  after  equilibration  were  found  by  dilution, 
conversion  to  the  cyanomethemoglobin  form,  and  absorption  measurements. 

Major  Results:   During  the  past  year  we  have  obtained  complete  concentra- 
tion vs_.  chemical  potential  curves  at  30  C  for  three  deoxygenated  preparations: 
HbA,  HbS  and  a  HbS/HbA  mixture.   a  great  deal  of  data  on  HbS  solutions  were 
obtained  also  at  3  C, 
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The  solution  to  gel  transition  is  clearly  seen  as  an  abrupt  rise  in 
the  concentration  at  a  well-defined  chemical  potential.   This  transition 
occurs  at  the  same  HbS  concentration  as  the  solubility  determined  for  HbS 
under  these  conditions  (including  temperature)  by  ultracentrifugation  or  NMR 
measurements  in  this  laboratory.   Behavior  of  ungelled  systems  corresponds 
well  with  that  expected  from  earlier  osmotic  pressure  measurements  on  HbA. 
Chemiual  potential  data  for  gelled  states  have  never  been  available  before. 
It  is  worth  noting  that  the  gel  state,  usually  considered  a  pellet  of  con- 
stant density,  is  itself  compressible  to  rather  high  (>40%)  protein  density. 
The  compressibility  appears  to  have  similar  slopes  at  the  several  temperatures 
studied. 

In  collaboration  with  Dr.  Andrew  Shrake  of  the  Bureau  of  Biologies,  we 
were  able  to  develop  more  accurate  and  efficient  methods  for  determining 
the  osmotic  pressures  of  the  polymer  solutions  to  be  used  in  these  stress 
measurements.   This  precise  calibration  will  increase  the  precision  of  the 
thermodynamic  analysis . 

Correlative  measurements  on  lysozyme  showed  that  this  protein  could  be 
crystallized  using  the  same  apparatus  and  the  free  energy  of  crystallization 
obtained. 

During  this  past  year  efforts  have  begun  to  compare  measured  chemical 
potentials  of  the  HbS  gels  with  those  expected  from  theoretical  models. 

Significance  to  Biomedical  Research:   The  present  thermodynamic  approach 
to  the  phenomena  of  HhS  gelation  provides  several  potential  conceptual 
advantages  over  earlier  methods.   Previous  derivations  of  thermodynamic 
parameters  were  limited  mainly  to  determinations  of  HbS  solution  concentra- 
tion in  equilibrium  with  gels  in  pellets  created  by  centrifugation.   We  have 
found  a  way  to  measure  the  chemical  potential,  and  all  derivative  parameters, 
over  the  full  range  of  protein  concentrations  in  solutions  and  gels.   In 
addition  to  what  should  be  more  precise  thermodynamic  reliability  than  the 
centrifugation  assay,  we  can  also  use  the  stress  method  as  an  alternative 
means  to  gauge  the  efficacy  of  gelation-inhibiting  ligands  (now  studied  by 
centrifugal  assay) . 

It  is  now  clear  that  HbS  gels  are  compressible.   It  is  possible  to  speak 
quantitatively  of  the  energies  required  to  align  and  to  compact  gel  fibers. 
The  fresh  opportunity  to  examine  theories  of  HbS  gelation  is  clear.   The 
phase  transition  behavior  revealed  under  osmotic  stress  establishes  the 
utility  of  this  method  in  ascertaining  the  aggretation  and  phase  behavior 
of  a  wide  class  of  proteins.   Since  the  uniform  states  created  under  osmotic 
stress  are  the  same  as  those  created  by  stoichiometric  mixing  of  HbS  and 
aqueous  solutions,  osmotic  data  provide  an  extra  piece  of  information  about 
such  mixtures  as  studied  extensively  by  NMR. 

Proposed  Course:   Our  intention  is  to  achieve  a  full  mapping  of  HbS 
chemical  potentials  between  0  C  and  37  C  at  all  accessible  concentrations. 
We  will  use  these  data  (a)  to  determine  phase  transition  enthalpies  and 
entropies,  (b)  to  infer  intermolecular  contact  free  energies,  (c)  to 
elucidate  the  behavior  of  HbS  suspensions  in  centrifugal  assays,  (d)  to 
test  several  models  of  HbS  polymerization  and  fiber  alignment. 

Publications:   None 
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SUMMARY   OF    WORK    (200   words   or   less   -   underline    keywords) 

We  are  investigating  the  mechanism  of  hemoglobin  degradation  in 
erythroid  cells.   The  systems  under  study  are  K562  cells ,  erythrocytes, 
and  erythrocytes  infected  with  malarial  parasites.   We  plan  to  identify 
degradative  products  as  well  as  any  critical  proteinases  or  cof actors, 
and  gain  some  understanding  of  the  molecular  mechanism  of  protein  degradation. 
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Project  Description: 

Oblectives :   Protein  degradation  plays  a  role  in  several  essential 
cellular  activities.   These  include:   changing  the  concentration  of  a 
particular  protein  in  response  to  either  an  internally  generated  stimulus 
such  as  occurs  during  development,  or  to  some  external  stim^^lus  such  as  an 
environmental  change  which  alters  metabolic  needs;  removal  of  abnormal, 
potentially  harmful  proteins;  and  digestion  of  exogenous  proteins.   A 
specific  biological  effect  is  directly  dependent  on  the  levels  of  one  or  more 
proteins,  which  reflect  a  balance  between  synthesis  and  degradation.   While 
considerable  research  effort  has  been  invested  into  elucidating  biosynthesis 
at  the  molecular  level,  a  comparable  effort  has  not  been  applied  to  the 
equally  important  degradative  process. 

Since  we  are  interested  in  the  biology  of  erythroid  cells  and  because 
hemoglobin  is  so  well  characterized  both  in  vitro  and  intracellularly , 
erythroid  cells  will  be  studied.   The  systems  to  be  examined  are  endogenous 
hemoglobin  in  K562  cells,  exogenous  hemoglobin  ingested  by  these  cells, 
and  hemoglobin  in  erythrocytes  infected  with  malarial  parasites. 

Some  basic  questions  regarding  the  degradative  mechanism  arise.   Does 
cleavage  of  the  polypeptide  chain  proceed  through  some  discrete  pathway(s) 
or  is  it  stochastic?   What  enzymes  and  cofactors  are  involved?   Is  there 
some  signal  to  initiate  degradation?   How  does  the  cellular  degradative 
machinery  designate  the  target  protein  molecule  and  which  of  its  structural 
features  are  recognized?   We  believe  that  we  can  study  these  mechanisms 
optimally  in  these  systems  in  which  hemoglobin  disappearance  occurs 
rapidly  and  that  the  information  about  the  mechanism  of  degradation  will 
be  applicable  to  normal  erythroid  cells  as  well  as  these  cells.   In  particular, 
the  malarial  parasite  may  have  evolved  specific  enzymes  for  hemoglobin 
degradation  that  are  important  to  its  viability  in  the  red  cell. 

Methods  Employed:   K562  human  leukemic  cells  were  originally  characterized 
as  myelogenous  but  have  recently  been  shown  to  have  erythroid  characteristics 
and,  in  the  presence  of  hemin,  to  accumulate  hemoglobin.   Procedures  for 
growing  K562  cells,  and  for  reversible  induction  of  accumulation  of  embryonic 
and  fetal  hemoglobins  have  been  developed  in  this  laboratory.   After 
initial  production  of  hemoglobin  in  growth  medium  with  a  labeled  amino 
acid  added,  further  synthesis  of  radiolabelled  hemoglobin  is  stopped  by 
removal  of  exogenous  hemin.   At  different  times  aliquots  are  analyzed  by 
gel  filtration,  electrophoresis  and  HPLC  methods  for  peptide  intermediates 
and  amino  acids  present  during  different  stages  of  degradation. 

K562  cells  have  some  phagocytotic  capability.   We  are  seeking  to  define 
conditions  for  ingestion  of  exogenous  hemoglobin  or  other  polypeptides  of 
interest.   Digestion  is  being  analyzed  by  the  same  methods  as  used  for  intact 
cells  or  the  cell  free  system,  and  the  modes  of  degradation  compared.   Malarial 
parasite  extracts  are  being  assayed  for  proteolytic  activity  against  the 
normally  resistant  hemoglobin  molecule.   Proteases  and  any  cofactors  are 
being  characterized,  and  a  search  for  specific  inhibitors  is  being  undertaken. 
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coli,  with  selection  for  ampicilline  resistance.   A  systematic  screening  of 
isolated  plasmid  vectors,  using  restriction  endonuclease  mapping,  permited 
a  selection  of  E_.  coli  colonies  containing  the  correct  DNA  insert. 

Significance  to  Biomedical  Research:   The  K562  human  cell  line  affords 
an  unusual  opportunity  to  study  the  introduction  of  human  genes  from  one 
cell  into  another.   We  know  that  some  human  hemoglobin  genes  and  their 
products  can  be  transcribed,  processed,  and  translated  in  this  system,  so 
we  should  have  an  ideal  way  to  study  the  factors  that  control  expression  of 
human  genes  in  these  cells.   Although  these  cells  are  not  "normal"  and 
thus  some  of  these  processes  may  be  altered  in  these  cells,  they  have  ideal 
growth  characteristics  for  such  studies  and  will,  undoubtedly,  become  a 
major  model  system.   The  potential  of  obtaining  results  that  will  be  relevant 
to  understanding  basic  aspects  of  human  molecular  genetics  is  very  great. 

Proposed  Course  of  Work:   If  expression  of  the  incorporated  3-globin 
gene  is  detected,  we  will  study  the  influence  of  the  flanking  regions  on 
this  process  and  the  effects  of  the  expression  of  this  gene  on  that  of 
other  globin  genes.   The  fact  that  K562  cells  can  also  be  induced  by  phorbol 
esters  to  differentiate  in  a  monocyte  lineage  offers  a  supplementary  oppor- 
tunity to  observe  the  influence  of  the  cell  on  the  expression  of  normally 
repressed  genes. 

Publications:   None 
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Major  Results:   Detection,  characterization,  and  facility  in  handling 
the  degradative  products  is  essential,  as  is  availability  of  specific  peptide 
fragments  to  use  as  substrates  for  cellular  proteases.   Several  types  of 
fragments  from  hemoglobin  have  therefore  been  generated.   To  produce 
these  from  the  individual  hemoglobin  subunits,  new  methodology  was  developed 
or  adapted. 

A  new  method  for  preparation  of  the  separated  chains  of  apohemoglobin 
was  developed.   It  yields  a  and  g  globin  chains  by  fractionation  of  apohemo- 
globin in  acid  via  hydrophobic  interaction  chromatography  on  octylagarose. 

Specific  peptide  fragments  were  produced  by  cleavage  of  the  chains 
with  cyanogen  bromide  or  the  arginine-specif ic  proteases  clostripain,  and 
these  were  partially  purified.   To  increase  the  sensitivity  of  detection, 
tritium  labeled  hemoglobin  was  prepared  and  conditions  for  resolution  of 
its  tryptic  peptides  by  reversed  phase  high  performance  liquid  chromatography 
was  determined. 

The  mouse  red  cell  malarial  parasite  P^.  berghei  was  examined  for 
proteolytic  activity.   Parasite  extracts  were  assayed  by  incubation  with 
tritium  labeled  mouse  hemoglobin  and  protease  activity  measured  by  the 
trichloroacetic  acid  soluble  radioactive  counts.   Maximum  activity  was 
at  pH  4-5  but  partial  activity  was  present  at  neutral  pH.   I'Jhen  the  extract 
was  fractionated  on  DEAE-cellulose,  a  neutral  pH  proteolytically  active 
fraction  was  obtained. 

Significance  to  Biomedical  Research:   Protein  degradation  plays  a  role 
in  normal  cell  processes  such  as  protein  turnover.   In  addition,  its  role 
during  developmental  switches,  such  as  occurs  with  the  various  embryonic  and 
fetal  hemoglobins,  needs  to  be  defined;  the  K562  cells  in  particular  are 
a  useful  tool  in  this  respect.   The  degree  and  specificity  of  degradation 
also  is  related  to  disease;  its  degree  is  not  great  enough  in  the  thalassemias 
where  excess  amounts  of  a  normal  chain  accumulates;  its  specificity  permits 
recognition  and  removal  of  potentially  harmful  abnormal  hemoglobins.   More 
insight  into  the  mechanism  will  enable  one  to  design  strategies  to  interfere 
with  or  accelerate  the  degradative  process,  as  the  pathological  condtion 
warrants.   The  characterization  of  the  hemoglobin  degradation  mechanism  in 
malaria  infected  cells  may  have  important  therapeutic  implications  as 
interference  with  such  processes  may  prevent  the  growth  of  the  parasite. 

Proposed  Course  of  Work:   The  degradative  process  in  K562  cells  will  be 
examined.   The  contribution  of  altered  rates  of  degradation  to  the  total 
accumulation  and  disappearance  of  each  hemoglobin  type  will  be  assessed 
in  intact  cells.   We  will  also  seek,  to  identify  degradative  products  in 
intact  cells.   From  knowledge  of  the  types  of  peptide  bonds  cleaved  and 
from  the  effects  of  added  proteolytic  inhibitors  or  other  additives,  various 
enzymes  and  cof actors  may  be  identified.   Development  of  a  cell  free  system 
with  the  same  degradative  characteristics  as  the  intact  cell  will  be  attempted 
since  additional  manipulations  are  then  feasible.   In  particular,  the 
degradation  of  specific  exogenous  protein  fragments  and  modified  proteins 
can  be  studied.   Characterization  of  the  relevant  malarial  parasite  proteases 
will  continue,  with  the  possibility  in  mind  that  a  hemoglobin-specific 
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protease  may  be  present.  Also,  chloroquine  resistant  strains  of  parasites 
will  be  examined  to  determine  whether  the  resistance  originates  in  altered 
proteolytic  activity.  We  also  plan  to  examine  the  breakdown  of  hemoglobin 
in  malarial  infected  erythroid  cells. 

Publications: 

Berzofsky,  J. A.  and  Schechter,  A.N.:   On  the  concepts  of  cross-reactivity 
and  specificity  in  immunology.   Molecular  Immunology,  in  press. 

Janatova,  J.,  Lorenz,  P.E.,  Schechter,  A.N. ,  Prahl,  J.W.,  and  Tack,  B.F.: 
Third  component  of  human  complement:   Appearance  of  a  sulfhydryl  group 
following  chemical  or  enzymatic  inactivation.   Biochemistry  19:   4471- 
4478,  1980. 

Tack,  B.F.,  Dean,  J.,  Eilat,  D. ,  Lorenz,  P.E.,  and  Schechter,  A.N. : 
Tritium  labeling  of  proteins  to  high  specific  radioactivity  by  reductive 
methylation.   J.  Biol.  Chem.  255:   8842-8848,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  structure  and  entire  sequence  of  the  human  globin  genes  have 
previously  been  analysed  but  the  function  of  their  suspected  regulatory  or 
control  regions  have  to  be  tested  in  mammalian  cells.   Using  recombinant 
plasmids,  we  are  attempting  to  introduce  human  6-globin  genes  into  the  human 
K562  cells.   In  preparation  for  this  transf ection,  the  vector  with  the  selected 
DNA  insert  has  been  isolated  and  amplified  in  E^.  coli.   Selected  transf ected 
K562  cells  will  be  analysed  for  the  expression  of  the  3-globin  gene  and  its 
responsiveness  to  inducers  of  hemoglobin  synthesis. 
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Project  Description: 

Objectives :   K562  cells  are  reversibly  induced  by  hemin  and  some 
inhibitors  of  cell  division  to  accumulate  embryonic  and  fetal  hemoglobins. 
An  increase  of  the  corresponding  globin  mRNA's  is  observed.   The  globin 
gene  complexes  appear  normal  by  restriction  endonuclease  mapping  but  the 
cells  do  not  produce  6-globin  in-RNA  and  therefore  lack  adult  hemoglobin. 
We  are  interested  in  determining  whether  the  S-globin  gene  is  specifically 
repressed  at  the  proper  stage  of  cell  differentiation,  if  the  inducers 
which  should  control  its  expression  are  inoperative,  or  if  the  gene  region 
has  some  structural  defect.   By  introduction  of  a  normal  human  3-globin 
gene  in  K562  cells,  we  expect  to  be  able  to  discriminate  among  these 
possibilities . 

Transducing  vectors  of  a  wide  variety  of  mammalian  cells  have  been 
recently  constructed  for  the  expression  of  inserted  DNA  sequences.   Such 
recombinant  plasmids,  derived  from  Simian  Virus  40  (SV  40),  can  be  introduced 
in  limited  number  in  eukaryotic  cells  and  be  maintained  undef initely.   They 
also  permit  the  selection  of  transfected  cells. 

Using  such  a  vector,  we  are  attempting  to  introduce  into  K562  cells,  a 
3-globin  gene  from  a  human  DNA  library  and  to  determine  if  the  gene  can  be 
transcribed  and  the  corresponding  mRNA  translated.   Our  goal  is  also  to 
study  if  such  a  gene  is  controlled  by  inducers  of  hemoglobin  accumulation 
of  K562  cells. 

Methods  Employed:   The  3-globin  gene  has  been  obtained  in  large  amounts 
from  a  X  phage  (kindly  supplied  by  Dr.  T.  Maniatis)  as  described  below.   It 
will  then  be  ligated  to  a  plasmid  vector  and  used  for  transf ection. 

The  recombinant  plasmid  also  include  a  SV  40  sequence  containing  the 
SV  40  origin,  the  signal  for  RNA  splicing  derived  from  the  small  tumor- 
antigen  intervening  sequence  and  the  sites  for  termination  and  poly- 
adenylation  of  early  transcript.   An  E_,  coli  gene  coding  for  xanthine- 
guanine  phosphorybosyltransferase  (xgpt)  is  also  integrated  into  the  early 
region.   Therefore,  this  vector  will  be  used  for  the  transf ection  of  K562 
cells,  using  calcium  phosphate/DNA  coprecipitation  and  for  the  selection 
for  cell  ability  to  use  the  E^.  coli  xgpt  gene  in  medium  containing  inhibitors 
of  purine  synthesis. 

The  number  of  DNA  copy  incorporate  in  K562  cells,  and  its  eventual 
transcript  will  be  measured  by  hybridization,  using  3-globin  cDNA  or  the 
genomic  probe.   The  effect  of  hemin  or  inhibitors  of  cell  division  will  be 
measured  and  the  presence  of  3-globin  protein  analysed  by  electrophoretic 
and  electrof ocusing  techniques. 

Major  Results:   The  A  phage  containing  the  3-globin  gene  was  propagated, 
and  the  DNA,  after  extraction  and  purification,  was  cleaved  with  the 
restriction  endonuclease  Bgl  11,  in  order  to  get  2  Kb  flanking  regions. 
The  fragment  was  then  ligated  to  vector  pSV2gpt  (kindly  supplied  by  Drs . 
R.  Mulligan  and  P.  Berg),  which  had  been  previously  cleaved  at  a  unique 
BamHl  site.   The  presence  of  the  pBR322  origin  and  ampicillinase  gene  from 
the  bacterial  plasmic  permited  its  amplification  by  transformation  in  E_. 
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Muscle  Contraction 


X-ray  diffraction  and  cross-bridge  structure.    Considerable  progress  was  made 
in  characterizing  the  mechanical  and  structural  properties  of  the  "cross-bridge' 
that  forms  between  the  myosin  and  actin  filament  during  muscle  contraction. 
The  cross-bridge  consists  of  SI,  the  "head"  of  the  myosin  molecule,  and  L,  the 
segment  of  the  myosin  molecule  that  links  SI  to  the  myosin  filament.   The 
structure  was  studied  in  ATP-free  solutions,  since  in  this  condition  the  physio- 
logical cross-bridge  cycle  is  interrupted  and  SI  remains  attached  to  actin. 

The  angle  at  which  SI  attaches  to  the  actin  filament  was  found  to  be 
insensitive  to  applied  force.   The  attachment  angle  was  studied  by  measuring 
the  intensities  of  the  first  two  equatorial  reflections  in  the  X-ray  dif- 
fraction pattern  of  rabbit  psoas  fibers  before  and  during  stress.   The  inten- 
sity ratio  remained  constant  when  a  substantial  fraction  of  the  physiological 
force  was  applied  and  the  relative  displacement  of  the  myofilaments  was  as 
great  as  100  A.   This  result  makes  it  unlikely  that  the  contractile  force  is 
generated  by  the  "rocking"  of  SI  about  its  attachment  point  to  actin  through  a 
series  of  states  in  thermal  equilibrium.  (Naylor,  Podolsky). 

The  effective  length  of  L  was  found  to  be  about  30  A.   This  was  deduced 
from  the  fact  that  shrinking  the  myofilament  lattice  by  30  A  (detected  by 
X-ray  diffraction)  causes  the  fiber  to  lengthen  by  about  the  same  amount.   The 
actual  length  of  L  in  three  dimensions  may  be  about  100  A.   The  influence  of 
lattice  spacing  on  the  elasticity  of  the  fiber  indicates  that  L  is  inelastic. 
The  compliance  of  the  cross-bridge  appears  to  originate  close  to  the  junction 
of  SI  with  the  actin  filament,  or  the  junction  of  L  with  the  myosin  filament, 
rather  than  in  L  Itself.  (Arata) 

Synchrotron  radiation.   X-ray  equatorial  reflections  with  orders  up  to  [3,0] 
were  obtained  from  relaxed  and  fully  activated  frog  sartorius  muscle  by  using 
the  intense  X-ray  source  at  Stanford  Synchrotron  Radiation  Laboratory.   The 
reflection  profiles  in  reciprocal  space  were  analyzed  by  using  a  non-linear 
least  square  fit  method,  whereby  one  obtains  Integrated  area,  width  and 
centroid  of  each  peak.   For  the  relaxed  muscle  the  gradual  broadening  of  the 
peaks  follows  a  simple  rule:   the  peak  width,  after  being  deconvoluted  from 
the  effects  of  the  incident  beam,  is  proportional  to  the  reflection  index. 
This  suggests  that  the  muscle  fiber  actually  consists  of  many  crystalline 
regions,  while  the  lattice  spacings  vary  from  region  to  region  (about  ±  3%). 
It  Is  estimated  that  the  lower  limit  of  the  coherent  length  is  about  1  um, 
the  approximate  size  of  a  fibril.   In  activated  muscle  the  peaks  are  broader 
by  30%  -  50%  but  the  dominant  factor  in  the  distribution  of  widths  still 
appears  to  be  caused  by  variation  in  lattice  spacings. 

From  the  experimental  Integrated  intensities,  two  dimensional  electron 
density  maps  were  obtained  by  using  a  Fourier  inversion  computer  program. 
With  each  assumed  phase  combination,  mass  distribution  was  easily  visualized. 

^66 


Mass  shift  as  a  result  of  activation  in  the  unit  cell  was  obtained  by  the 
difference  picture.   With  the  inclusion  of  higher  orders,  the  mass  shift  was 
shown  with  greater  spatial  detail  than  previously  reported,  although  further 
analysis  is  necessary  to  determine  the  exact  nature  of  the  mass  movement.  (Yu) 

Detecting  internal  length  changes  in  skeletal  muscle  using  laser  diffraction. 
One  of  the  technical  problems  in  studies  of  muscle  contraction  is  to  measure 
the  length  of  the  fundamental  contractile  unit,  the  sarcomere,  during  experi- 
mental maneuvers.   Since  the  repeat  pattern  of  the  sarcomeres  is  extremely 
regular,  and  the  spacing  is  2-3  um,  a  muscle  fiber  can  act  as  a  diffraction 
grating  for  visible  light.   The  angle  of  the  first  order  diffraction  line  is  a 
measure  of  the  sarcomere  length. 

A  collimated  laser  beam  is  a  convenient  source  of  light  for  this  proce- 
dure cedure.   The  beam  detects  diffracting  units  only  at  a  particular  orienta- 
tion (the  Bragg  effect).   If  differently  oriented  diffracting  units  have 
slightly  different  sarcomere  lengths,  this  can  result  in  a  discrepancy  between 
the  actual  mean  sarcomere  length  and  that  deduced  from  the  position  of  the 
first  order  diffraction  line.   In  frog  muscle,  this  discrepancy  can  be  as 
large  as  0.5%  when  ordinary  laser  diffraction  techniques  are  used.   In  rabbit 
muscle,  where  the  diffracting  units  are  much  more  uniformly  oriented,  the 
discrepancy  between  mean  sarcomere  length  and  recorded  position  of  the  first 
order  diffraction  line  is  generally  less  than  0.  05%.   The  differences  between 
rabbit  and  frog  muscle  are  being  used  to  develop  an  improved  technique  for 
recording  sarcomere  length  in  situations  where  accuracies  greater  than  than 
0.5%  are  required.   (Schoenberg,  Brenner) 

The  activation  mechanism.   Methods  were  developed  for  the  measurement  of  solvent 
volumes  accessible  to  inert  radioactive  probe  molecules  in  the  skinned  fiber, 
in  order  to  provide  accurate  normalization  of  tissue  volume  and  estimation  of 
the  membrane -bounded  solvent  space  (mainly  sarcoplasmic  reticulum)  for  improved 
studies  of  ^-'Ca  uptake  by  the  sarcoplasmic  reticulum.   The  solvent  volumes 
available  to  -'-'^C-urea  or  -^H-deoxy glucose,  measured  simultaneously,  were 
each  highly  correlated  with  the  protein  content  of  the  segments,  measured  by  a 
new  micromethod  utilizing  Coomassie  Brilliant  Blue  absorbance.   The  strong 
correlation  indicates  that  appropriately  measured  solvent  volumes  provide 
good  normalization  for  these  small  preparations  which  have  volumes  of  the 
order  of  30  nl.   The  difference  between  urea  and  deoxyglucose  solvent  volumes 
in  the  same  preparation,  reflecting  the  membrane-bounded  solvent  volume,  was 
5-10%  total  solvent,  which  is  in  good  agreement  with  morphological  estimates. 

The  solvent  space  measurements  also  permitted  analysis  of  the  uptake  of 
charged  radioactive  probes  by  skinned  fibers,  in  order  to  assess  the  polariza- 
tion of  trie  sarcoplasmic  reticulum.   The  uptake  of  -'-''^C-SCN  or  •'-'^C-propionate, 
simultaneously  with  -^H-deoxyglucose,  indicated  little  or  no  anion  accumulation 
by  resting  fibers,  implying  little  or  no  resting  polarization.   The  results 
extend  to  ionic  species  the  similarity  of  elemental  distribution  (except  calcium) 
between  sarcoplasmic  reticulum  and  myoplasm  observed  with  electron  probe  micro- 
analysis.  (Stephenson) 
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Cell  Membranes 

Phase  transitions  in  lipid  films  and  cell  membranes.   A  general  equilibrium 
thermodyndmic  analysts  of  lipid  films  on  water  has  been  completed.   The  results 
clarify  much  of  the  confusion  that  has  existed  in  the  field  and  has  also  led 
to  major  revisions  in  the  concepts  of  the  nature  of  lipid  states  in  single  and 
multiple  component  films.   Of  particular  significance  for  memorane  lipid  proper- 
ties is  the  finding  that  partial  or  complete  immiscibility  of  the  lipids  may 
result  depending  on  the  fatty  acid  composition  of  the  phospholipid  in  the 
film.   Moreover,  partial  raiscibility  of  cholesterol  in  phospholipid  films  may 
also  be  expected.   A  new  phenomenon  of  surface  bilayer  formation  has  been 
observed,  and  the  conditions  where  it  forms  have  been  identified.   This  phenom- 
enon is  part  of  the  general  class  of  azeotropic  transitions.   The  dependence 
of  the  temperature  of  surface  bilayer  formation  on  the  chemical  nature  of  the 
phospholipid  appears  to  parallel  the  variation  of  the  phospholipid  composition 
of  bacterial  membranes  with  growth  temperature.   This  suggests  that  the  physical 
processes  which  determine  the  temperature  of  formation  of  surface  bilayers  may 
be  operating  when  lipids  are  incorporated  into  cell  membranes  during  cell 
growth.   (Gershfeld) 

Possible  risk  factors  in  coronary  artery  disease.   Techniques  developed  in  the 
study  of  lipid  films  have  been  used  to  measure  disaturated  lecithin  titer  in 
blood  plasma  in  a  population  that  is  free  of  the  major  risk  factors  for  coronary 
artery  disease.   These  titers  have  been  contrasted  with  those  in  patients  with 
atherosclerosis,  as  identified  by  coronary  angiograms.   A  lower  limit  of  the 
lecithin  titer  has  been  tentatively  identified  as  1.4  mg/dl,  below  which  it  is 
believed  that  atherosclerosis  is  not  likely  to  occur.  (Gershfeld) 

Red  cell  membrane  structure.   The  asymmetric  distribution  of  the  several  membrane 
phospholipids  between  the  inner  and  outer  halves  of  the  membrane  lipid  bilayer 
was  found  to  be  the  same  for  cells  only  a  few  days  old  and  those  up  to  120 
days  old.   This  indicates  that  the  asymmetric  distribution  is  not  slowly  relaxing 
to  a  symmetric  one  and  suggests  that  the  particular  existent  asymmetric  distri- 
bution has  a  functional  significance.   The  role  of  phospholipid-protein  inter- 
actions in  bonding  the  network  of  protein  molecules  (largely  the  high  molecular 
weight  protein,  spectrin)  which  line  the  inner  surface  of  the  membrane  was 
also  studied.   Enzymatic  hydrolysis  of  outer  membrane  surface  phospholipids 
had  no  effect  on  the  rate  of  spectrin  dissociation  from  the  membrane,  while 
hydrolysis  of  inner  surface  phospholipids  moderately  increased  this  rate. 
Further  work  is  necessary  to  establish  whether  this  effect  is  a  direct  result 
of  disruption  of  spectrin-phospholipid  interactions.   (Gottlieb) 

Macromolecular  Structures  Determined  by  Radiation  Inactivatlon  of 
Biological  Function 

The  destruction  by  Ionizing  radiation  of  biological  activity  can  be  analyzed 
by  target  theory.   This  yields  the  molecular  size  of  the  functional  unit — the 
smallest  assembly  of  molecules  capable  of  carrying  out  the  measured  activity. 
The  method  does  not  require  purification  of  samples  and  thus  can  be  used  to 
examine  complex  units  J^i^  situ,  such  as  intact  membranes.   It  was  shown  that 
the  adenylate  cyclase  system  of  the  turkey  erythrocyte  increases  in  size  with 
increased  degree  of  regulation. 
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The  human  fibroblast  receptor  for  low  density  lipoproteins  (LDL,  which  bind  to 
one  site)  was  shown  to  be  the  same  size  as  the  receptor  for  HDL^,  which  bound 
to  four.   Since  these  lipoproteins  compete  with  each  other  for  binding,  it  is 
concluded  that  each  LDL  receptor  contains  multiple  binding  sites.   The  control 
of  brain  phosphodiesterase  activity  by  calmodulin  was  shown  to  be  due  to  the 
conversion  of  inactive  dimers  to  enzymatically  active  monomers.   (Kempner) 

Morphogenesis 

Insect  metamorphosis.   C-'-^-phenylalanine  injected  into  immature  blowfly 
larvae  was  used  to  prepare  ^ii  vivo  labeled  calliphorin.   The  purified  tagged 
protein  was  injected  into  mature  larvae,  and  proteins  from  the  resulting  flies 
examined  for  tracer.   Several  protein  bands  from  different  tissues,  notably 
muscle  myosin  and  actin,  and  cuticle  proteins,  were  labeled.   Therefore  storage 
proteins  are  utilized  for  adult  development. 

Blowfly  larvae  below  a  critical  weight  never  pupate  when  removed  from 
their  food  and  starved;  above  the  critical  weight  they  may  pupate  to  form 
diminutive  adults.   Whether  or  not  such  larvae  are  committed  to  pupation 
depends  on  several  factors:   (a)  If  returned  to  food  after  relatively  short 
starvation,  they  resume  feeding  and  attain  normal  size,  but  if  starved  for 
longer  periods,  they  refuse  to  feed  and  are  compelled  to  pupate.   (b)  Injection 
of  ecdysterone  into  such  small  larvae  induces  premature  cessation  of  feeding 
and  production  of  miniature  pupae.   This  behavior  is  correlated  with  the 
appearance  in  the  body  wall  cells  of  a  giant-RNA  (a  pre-mRNA)  which  does  not 
occur  in  other  larval  tissues.   (c)  Giant-RNA  synthesis  is  triggered  by  the 
earlier  presence  of  a  small  amount  of  ecdysterone  of  either  endogenous,  or 
exogenous,  origin.   (d)  Once  giant-RNA  is  produced,  the  larva  is  irrevocably 
committed  to  pupariation.   (e)  Pupariation  is  nevertheless  dependent  upon  a 
second  and  larger  "burst"  of  ecdysterone  occurring  after  giant-RNA  production. 
(Levenbook,  Shaaya) 

Red  cell  sickling  and  neutrophil  function.    Hydrostatic  pressure  reversibly 
melts  and  inhibits  the  gelation  of  deoxygenated  sickle  hemoglobin  gel.   At 
20°C,  a  volume  of  activation  for  gelation  of  7  0  cc  mole"-'-  was  found  from  the 
pressure  induced  increase  in  delay  time.   The  increase  in  solubility  of  HbS 
was  found  to  be  at  least  8.6  x  1 CF"  raolar/PSI. 

The  influence  of  piracetam  (2-oxo  1  pirolidine  acetamide)  on  the  reduction 
of  nitro-blue  tetrazolium  by  human  neutrophils  was  studied.   This  reduction  is 
thought  to  Involve  the  production  of  a  superoxide  by  the  neutrophil.   Reduction 
was  more  rapid  in  the  presence  of  piracetam,  which  suggests  that  piracetam 
enhances  the  production  of  superoxide  by  the  neutrophil.  (Murayama) 

Bioluminescence 


In  the  New  Gulnean  firefly  Pteroptyx  cribellata  the  normal  flashing  of 
the  male  was  shown  to  comprise  at  least  two  frequency  modes,  to  include  arythmic 
adventatious  luminescences  interpreted  as  due  to  neural  noise,  and  to  involve 
modulation  of  flash  intensity  independent  of  flash  timing.   It  was  shown  that 
the  pacemaker  can  cycle  independently  of  the  neuroef f ector  message  to  the 
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lantern,  and  that  each  cycle  is  timed  independently.   The  frequency  distri- 
bution of  pacemaker  period  is  Gaussian,  and  the  variance  of  the  brain-to-lantern 
excitation  delay  is  negligible  in  comparison  with  the  variability  of  the  endog- 
enous timing  process.   It  is  therefore  possible  to  use  the  duration  of  the 
flash-to-flash  interval  of  the  intact  firefly  as  a  measure  of  endogenous  pace- 
maker timing  behavior.   A  model  was  developed  in  which  a  single  response  can 
accomplish  either  cycle-shortening  or  cycle  lengthening  simply  as  a  consequence 
of  firefly-driver  phase  difference  and  without  altering  the  intrinsic  period 
of  the  pacemaker.   (Buck) 

High  Resolution  Electron  Microscopy 

To  address  structural  questions  relating  to  the  assembly  of  protein  subunits 
and  other  macroraolecules  into  structures  at  the  next  higher  level  of  biological 
organization  -  such  as  membranes,  cytoskeletal  components  and  virus  particles 

-  a  facility  has  been  established  to  perform  high  resolution  electron  microscopy 
and  to  analyze  these  images  by  optical  diffraction  and  computer  processing. 
Experimental  results  have  been  obtained  on  three  different  biological  systems. 

The  molecular  architecture  of  beet  necrotic  yellow  vein  virus.   This  virus  has 
a  segmented  genome,  comprising  four  separate  molecules  of  ssR,\'A.   All  four  are 
required  for  productive  infection,  and  they  are  packaged  into  rod-like  particles 
of  different  lengths.   The  protein  subunits  are,  in  each  case,  arranged  according 
to  a  common  helical  symmetry;  the  axially  repeating  unit  consists  of  49  coat 
protein  subunits  in  four  turns  of  a  single-stranded  right-handed  helix  (pitch 

-  2.6  nm).   Each  suhunlt  interacts  with  and  protects  four  RNA  bases. 

Structural  analysis  of  microcrystals  of  human  immunoglobulin  IgG.   To  investi- 
gate the  fidelity  of  structural  representation  in  processed  electron  micrographs 
of  negatively  stained  protein  molecules  (such  images  being  potentially  compro- 
mised by  effects  of  electron  irradiation  or  molecular  denaturation) ,  we  have 
analyzed  micrographs  of  DOB,  an  intact  human  IgG.   These  computer  optimized 
images  were  then  compared  with  "ideal"  reference  images  derived  computationally 
from  the  known  crystal  structure,  previously  solved  by  X-ray  crystallography. 
The  results  of  this  comparison  establish  remarkably  good  agreement  between  the 
experimental  electron  images  and  the  corresponding  simulations  when  restricted 
to  a  resolution  of  about  2  nm.   This  finding  strengthens  the  credibility  of 
interpretations  of  native  structure  from  such  micrographs. 

The  molecular  packing  of  protein  subunits  in  keratin  filaments.   Image  pro- 
cessing methods  have  been  applied  to  the  long-standing  problem  of  how  molecules 
are  packed  in  keratin  filaments,  which  are  representative  of  the  group  of 
cellular  polymers  collectively  called  "intermediate  filaments."  These  helical 
structures  cannot  be  solved  directly  by  conventional  means  because  the  individual 
filaments  are  disordered  by  bending  and  because  they  have  relatively  bland 
stain-excluding  profiles.   These  obstacles  have  been  resolved  by  "straightening" 
the  filament  images  computationally  by  interpolating  onto  curvilinear  coordinate 
systems,  and  then  by  combining  individual  diffraction  patterns  into  a  novel 
type  of  fiber  diffraction  pattern.   To  resolve  ambiguities  which  may  arise 
during  the  course  of  indexing  this  composite  diffraction  pattern,  scanning 
transmission  electron  microscopy  has  been  used  to  make  direct  measurements  of 
the  mass  per  unit  length  from  individual  unstained  filaments.  (Steven,  Trus ) 


470 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space] 


U.S.  DEPARTMENT  OF 

HEALTH  AND  HUMAN  SERVICES 

PUBLIC  HEALTH  SERVICE 

NOTICE  OF 

INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  AM  27000-19   LPB 


PERIOD  COVERED 


October  1,  1980  through  September  30,  1981 


TITLE  OF  PROJECT  (80  characters  or  less) 

The  Mechanism  of  Muscular  Contraction 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:     R.  J.  Podolsky 

OTHER:   L.  C.  Yu 

E.  W.  Stephenson 
G.R.S.  Naylor 
T.  Arata 
B.  Brenner 


Chief,  LPB 

Research  Physicist 
Expert 

Visiting  Fellow 
Visiting  Fellow 
Visiting  Fellow 


LPB  NIADDK 

LPB  NIADDK 
LPB  NIADDK 
LPB  NIADDK 
LPB  NIADDK 
LPB  NIADDK 


COOPERATING  UNITS  (if  any) 


LAB/ BRANCH 


Laboratory  of  Physical  Biology 


Section  on  Cellular  Physics 


INSTITUTE  AND  LOCATION 

NIADDK,  NIH,  Bethesda,  Maryland   20205 


TOTAL  MANYEARS: 


PROFESSIONAL: 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   □  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


S{(c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Muscle  cells  are  activated  when  calcium  is  released  from  the  sarcoplasmic 
reticulum  into  the  myofilament  space.   The  processes  involved  in  this  intra- 
cellular calcium  movement  have  been  studied  by  measuring  isometric  force  and 
!il   Ca  fluxes  in  mechanically  skinned  fibers  from  frog  muscle.   The  structural 
changes  associated  with  the  transition  of  muscle  cells  from  one  physiological 
state  to  another  have  been  examined  by  X-ray  diffraction  techniques,  using 
radiation  from  conventional  rotating  anode  generators  and  synchrotrons  in 
conjunction  with  electronic,  position  sensitive.  X-ray  detectors.   The  rate 
constants  associated  with  the  turnover  of  actomyosin  cross-bridges  have  been 


studied  by  analyzing  the  contraction  kinetics  of  skinned  muscle  fibers  under 
controlled  chemical  conditions. 
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Project  Description: 
Objectives : 

1.  To  work  out  the  molecular  mechanism  of  muscular  contraction. 

2.  To  understand  the  control  processes  for  contractility. 

Methods  Employed: 

1.  Analysis  of  the  motion  and  the  X-ray  diffraction  pattern  of  both 
intact  muscle  fibers  and  "skinned"  fiber  segments  under  chemically  controlled 
conditions . 

2.  Study  of  the  electrical  and  chemical  parameters  involved  in  the  acti- 
vation of  various  types  of  muscle  fibers. 

3.  Measurement  of  ionic  fluxes  across  the  internal  membranes  of  skinned 
muscle  fibers  under  various  conditions. 

Major  Findings: 

1.  The  intensity  ratio  of  the  two  strong  equatorial  reflections  in  the 
X-ray  diffraction  pattern  from  rabbit  muscle  fibers  in  rigor  is  unchanged 
when  the  sarcomeres  are  strained  as  much  as  100  A/half  sarcomere.  This 
indicates  that  the  angle  at  which  the  myosin  cross-bridges  attach  to  the  actin 
filament  is  insensitive  to  applied  force. 

2.  The  structural  and  mechanical  properties  of  the  segment  of  the  cross- 
bridge  that  links  the  "head"  of  the  myosin  molecule  to  the  myosin  filament 
were  studied  by  examining  the  influence  of  myofilament  lattice  spacing  on  the 
fiber  compliance.  The  segment  is  inelastic  and  its  length  in  three  dimensions 
is  about  100  A . 

3.  The  width  of  the  equatorial  reflections  in  the  X-ray  diffraction 
pattern  of  both  relaxed  and  active  frog  muscle  (after  being  deconvoluted  from 
the  effect  of  the  width  of  the  incident  beam)  is  proportional  to  the  reflection 
index.  The  coherent  length  for  diffraction  is  about  1  pm,  the  approximate 
size  of  a  single  fibril. 

4  .   The  uptake  of  radioactive  SCN~  and  propionate  by  skinned  fiber 
segments  shows  practically  no  accumulation  by  the  sarcoplasmic  reticulum.  The 
membranes  of  the  sarcoplasmic  reticulum  appear  to  be  electrically  unpolarized . 

5.  Analysis  of  the  contraction  transients  in  rabbit  muscle  fibers  shows 
that  the  rate  processes  governing  cross-bridge  turnover  during  contraction 
fall  into  two  time  domains  and  that  ATP  and/or  ADP  coupled  processes  occur  in 
both  domains . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  elucidation  of  the  molecular  mechanism  of  muscular  contraction  together 
with  the  chemistry  of  the  activation  process,  can  be  useful  in  the  rational 
handling  of  neuromuscular  and  cardiovascular  disease. 
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Proposed  Course  of  Project: 

1.   The  influence  of  various  agents  (pCa,  pH,  ionic  strength,  metal  ions, 
ATP)  on  the  ability  of  muscle  fibers  to  develop  force  and  to  shorten  will  be 
examined  directly  in  skinned  fiber  segments  . 

2  .  The  influence  of  these  same  agents  on  myofilament  spacing  and  the 
cross-bridge  configuration  will  be  examined  in  skinned  fibers  by  X-ray 
diffraction. 

3.   The  effect  of  motion  on  the  number  of  cross  bridges  in  intact,  electri- 
cally-stimulated muscle  fibers  will  be  studied  by  X-ray  diffraction. 

4  .  Movement  of  calcium  and  magnesium  between  the  myofilament  space  and 
the  sarcoplasmic  reticulum  will  be  studied  by  tracer  methods. 

Publications : 

Gulati,  J.  and  Podolsky,  R.  J.:   Isotonic  contraction  of  skinned  muscle  fibers 
on  a  slow  time  base:   Effects  of  ionic  strength  and  calcium.   J.   Gen.  Physiol., 
in  press  . 

Naylor,  G.R.S.  and  Podolsky,  R.  J.:  X-ray  diffraction  of  strained  muscle  fibers 
in  rigor.   Proc .  Nat.  Acad.  Sci.,  in  press. 

Stephenson,  E.  W.:   The  Ca-"^  dependence  of  stimulated  '^^Ca  efflux  in  skinned 
muscle  fibers.   J.  Gen.  Physiol.  77:  419-443,  1981. 

Stephenson,  E.  W.:   Magnesium  effects  on  activation  of  skinned  fibers  from 
striated  muscle.   Fed.  Proc.,  in  press. 


Reported  in  Press,  1980 


Podolsky,  R.  J.  and  Tawada,  K.:  A  rate-limiting  step  in  muscle  contraction. 
In  Ebashi,  S.  et  al .  (Eds.):  Muscle  Contraction:  Its  Regulatory  Mechanisms 
Tokyo,  Japan  Sci.  Soc .  Press,  1980,  pp.  65-78. 

Stephenson,  E.  W.:   Activation  of  fast  skeletal  muscle:   contributions  of 
studies  on  skinned  muscle  fibers.   Am.  J.  Physiol.  240:  C1-C19,  1981. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  importance  of  Bragg  effects  in  muscle  laser  diffraction  has  been  con- 
firmed.  Unless  Bragg  effects  are  compensated  for,  accuracies  greater  than  0.3% 
In  the  detection  of  internal  muscle  length  are  not  possible. 
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Project  Description: 

Goal:   To  understand  the  molecular  and  structural  basis  of  muscular 
contraction. 

Methods  and  Major  Findings: 

Evidence  suggests  that  in  muscle,  under  certain  conditions,  myosin  cross- 
bridges  attach  cyclically  to  the  actin  filament.   They  are  believed  responsible 
for  the  stiffness  of  activated  muscle.   In  FY  '79  I  showed  that  they  may  also 
be  responsible  for  the  "viscosity"  of  non-activated  muscle.   In  order  to  test 
this  hypothesis  more  fully,  work  in  FY  '80  was  devoted  to  the  study  of  "skinned" 
muscle  fibers,  where  the  outer  membrane  surrounding  the  muscle  filaments  is 
removed  allowing  control  of  the  internal  milieu  of  the  fiber. 

1)  A  force  transducer  was  designed  which  was  capable  of  recording  rapid 
force  transients  from  a  single  fiber.   It  had  a  frequency  response  of  8  kHz  in 
water  and  a  sensitivity  of  0.3  mg .   (The  "viscous"  response  of  resting  muscle 
can  occur  in  0.1  ms  and  is  only  a  few  milligrams.) 

2)  A  technique  for  following  internal  muscle  length  changes  using  laser 
diffraction  was  explored.   It  was  discovered  that 

a)  standard  laser  diffraction  works  adequately  when  accuracy  <  0.5% 
is  not  required; 

b)  because  the  laser  beam  samples  diffracting  units  only  at  a  particular 
orientation  (the  Bragg  effect),  accurate  position  information  (<  0.3%)  using 
standard  laser  diffraction  is  difficult  under  conditions  where  the  diffracting 
units  exist  at  different  orientations. 

3)  A  technique  for  detecting  the  orientation  of  diffracting  units  in 
skeletal  muscle  was  developed.   The  only  preparation  found  to  have  a  uniform 
orientation  of  diffracting  units  was  the  non-activated  rabbit  fiber. 

4)  The  existance  of  Bragg  effects  in  skeletal  muscle  was  confirmed  by 
demonstrating  that  resting  frog  muscle,  which  does  not  show  uniform  orientation 
of  diffracting  units,  diffracts  power  over  a  wider  range  of  angles  simultaneously 
than  does  resting  rabbit  muscle  having  uniform  orientation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Experiments  on  the  mechanism  of  muscular  contraction  are  especially  signi- 
ficant in  that  they  contribute  to  a  sound  understanding  of  how  normal  muscle 
works  (which  is  vital  to  the  study  of  diseased  muscle)  and  also  because  many 
of  the  same  mechanisms  responsible  for  muscle  contraction  appear  to  be  common 
to  virtually  all  cells. 
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Future  Course: 

In  Che  coming  year  we  will  explore  various  techniques  for  overcoming  the 
difficulty  caused  by  the  Bragg  effect  in  the  measurement  of  internal  muscle 
length.   In  addition,  we  will  extend  preliminary  measurement  of  the  effect  of 
ionic  strength  and  filament  spacing  upon  skinned  muscle  fibers. 

Publications:   None 
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SUMMARY    OF    WORK    (200    words    or    less   -    underline    keywords) 

Two  manuscripts  summarizing  a  behavioral  analysis  of  flash-control  in  a 
communal  species  of  Oriental  firefly  were  completed  and  submitted  for  publi- 
cation. These  papers  describe  the  control  mechanism  (pacemaker)  as  seen 
during  spontaneous  activity  and  in  response  to  a  wide  variety  of  exogenous 
photic  signals,  and  lead  to  a  model  of  the  underlying  neuroeffector  mechanisms 

In  collaboration  with  Dr.  Frank  Hanson  of  the  University  of  Maryland  add- 
itional records  of  pacem^aker  triggering  in  a  local  species  were  obtained, 
supporting  the  evidence  that  domestic  species  respond  by  immediate  termina- 
tion of  the  timing  cycle  whereas  exotic  species  respond  by  setting  the 
pacemaker  back  to  the  start  of  the  cycle. 

Several  chapters  of  a  proposed  book  on  flash  control  have  been  roughed  out. 
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Project  Description: 
Objectives: 

A  primary  objective  in  analysing  firefly   flash  control    is   to  deduce 
modes  of  central    nervous  system  timing.     Some  firefly  species  are  par- 
ticularly well   adapted  for  such  analysis  because  it  is  possible  to  alter 
flashing  behavior  via  controlled  light  signals  to  the  eye  of  the  uninjured 
animal.     A  second  objective  is  to  correlate  the  mode  of  flash  timing  with 
whole-animal    behavior,   particularly  courtship  and  mating.     Since  the  family 
Lampyridae   (fireflies)   displays  a  profusion  of  courtship  protocols   it  is 
particularly  favorable  to  such  comparative  and  evolutionary  studies. 

Major  Findings: 

In  the  New  Guinean  firefly  Pteroptyx  cribellata  the  normal    flashing  of 
the  male  was   shown  to  comprise  at  least  two  frequency  modes,    to   include 
arythmic  adventatious  luminescences   interpreted  as   due  to  neural    noise,   and 
to  involve  modulation  of  flash   intensity   independent  of  flash   timing.      It 
was  shown  that  the  pacemaker  can  cycle  independently  of  the  neuroeffector 
message  to  the  lantern,   and  that  each  cycle  is   timed  independently.     Using 
truncation  analysis   it  was   shown  that  the  frequency   distribution  of  pace- 
maker period  is  Gaussian,   and  by  serial    correlation  analysis  of  interflash 
duration   it  was   shown  that  the  variance  of  the  brain-to-lantern  excita- 
tion delay   is   negligible  in  comparison  with   the   variability  of  the  endog- 
enous timing  process.      It  is   therefore  possible  to  use  the  duration  of  the 
flash-to-flash   interval    of  the  intact  firefly   as  a  measure  of  endogenous 
pacemaker  timing  behavior. 

During  exogenous  photic   driving  the  response  is   cycle-by-cycle  and 
all-or-none  and  the  duration  of  the  signal -to-flash  response  time  is  inde- 
pendent of  the  phasing  of  the  driver  in   relation  to  the  free   run   rhythm. 
The  phase-response  line  is  nearly  straight  and  has  a  slope  of  1.0,   leading 
to  the  deduction  that  the  exogenous  light  resets  the  pacemaker  to  the 
start  of  its  cycle.     Though  external    signals  dictate  the  initiation  of  the 
timing  cycle,   endogenous  control    of  cycle  duration   is  manifest  at  times. 
If  the  one  second  timing  cycle  of  the  pacemaker  is  defined  as  beginning  at 
the  moment  of  endogenous  triggering  of  the  flash-exciting  neural    message 
to  the  lantern,   it  can  be  deduced  that  pacemaker  excitation  falls  to  its 
nadir  during  the  succeeding  200  msec,   then   rises   linearly  and  more  slowly 
over  the  next  800  msec.     This  model    provides  a  mechanism  by  which   a  single 
response   (resetting  excitation  to  the  nadir  level)   can  accomplish  either 
cycle-shortening   (phase  advance)   or  cycle  lengthening   (phase   retardation) 
simply  as  a  consequence  of  firefly-driver  phase  difference  and  without 
altering  the  intrinsic  period  of  the  pacemaker. 

Significance  to  NIADDK   Research: 

Insofar  as   the   Institute  supports  attempts   to  broaden  our  understand- 
ing of  basic  biological   processes   it  is  hoped  that  our  work  is  appropriate. 
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Proposed  Course  of  Project: 

At  least  two  more  studies  of  pacemaker  control    of  flashing  in  tropical 
oriental    fireflfies  need  to  be  written  up   (data   in  hand  largely  analysed). 
Overall   objective  is  monographic  summary  of  firefly  physiology. 

Publications:  REPORTED    IN  PRESS   -  1980 

Buck,  J.   and  Buck,  E.:     Flash  synchronization  as  a  tool   and  enabler  in 
firefly  courtship  competition.     Amer.   Naturalist  116:     591-593,   1980. 
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(c)  NtlTHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  new  phenomenon  of  surface  bilayer  formation  has  been  observed,  and  the 
conditions  where  it  forms  have  been  Identified.   This  phenomenon  is  part  of  the 
genera?  class  of  azeotropic  transitions .   The  dependence  of  the  temperature  of 
surface  bilayer  formation  on  the  chemical  nature;  of  the  phospholipid  appears  toi 
parallel  the  variation  of  the  phospholipid  composition  of  bacterial  membranes 
with  growth  temperature .   This  suggests  that  the  physical  processes  which  deter- 
mine the  temperature  of  formation  of  surface  bilayers  may  be  operating  when 
lipids  are  incorporated  into  cell  membranes  during  cell  growth. 

Disaturated  lecithin  titer  in  blood  plasma  has  been  measured  in  a  populatiop 
that  is  free  of  the  major  risk  factors  for  coronary  artery  disease .  These  have 
been  contrasted  with  patients  with  atherosclerosis,  as  Identified  by  coronary 
angiograms.   A  lower  limit  of  the  lecithin  titer  has  been  tentatively  Identified 
as  1.4  mg/dl,  below  which  it  Is  believed  that  atherosclerosis  is  not  likely  to 
occur. 
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Project  Description: 

Major  Findings: 

I.   Phase  transitions  in  lipid  films  and  cell  membranes. 

For  more  than  sixty  years,  ever  since  Langmuir  first  introduced  the  film 
balance,  the  properties  of  lipid  films  on  water  have  been  studied  and  results 
of  those  studies  are  the  basis  of  many  of  the  concepts  that  now  describe  the 
interactions  of  lipids  in  cell  membranes.  A  majority  of  the  results  were 
qualitative,  and  the  concepts  that  were  developed  were  largely  ad_  hoc .   In 
many  instances  the  results  from  different  laboratories  were  inconsistent,  and 
sometimes  contradictory.   Perhaps  the  most  serious  criticism  of  the  film  balance 
studies  is  the  almost  complete  absence  of  meaningful  quantitative  thermodynamic 
information  despite  the  relatively  early  development  of  sophisticated  devices 
capable  of  measuring  film  properties  with  great  accuracy. 

Given  the  confused  state  of  the  field,  about  ten  years  ago  this  laboratory 
set  about  to  describe  rigorously  the  equilibrium  thermodynamic  properties  of 
lipid  films  on  water,  and  to  utilize  these  properties  as  a  basis  for  devleoping 
useful  concepts  for  membrane  lipid  interactions  and  functions.  A  considerable 
amount  of  effort  was  devoted  to  establishing  equilibrium  conditions  and  to 
developing  logical  arguments  based  on  the  Phase  Rule  for  describing  the  phase 
relations  in  surface  films  for  multicomponent  systems.   These  studies  are  now 
sufficiently  advanced  that  it  is  possible  to  critically  assess  the  earlier 
film  balance  studies  and  to  indicate  why  almost  all  the  concepts  of  phase 
transitions  in  condensed  films  and  surface  solutions  that  are  based  on  these 
early  studies  are  incorrect.  Moreover,  these  incorrect  ideas  of  lipid  inter- 
actions have  now  been  supplanted  by  others  that  have  potentially  important 
implications  for  understanding  lipid  properties  in  membranes. 

The  major  failing  of  the  traditional  film  balance  experiment  lies  in  the 
acceptance  of  the  lipid  film  which  has  been  spread  at  the  interface  as  a  well- 
defined  thermodynamic  system.   Our  recent  studies  have  tested  the  major  assump- 
tions upon  which  the  traditional  studies  are  based;  the  results  (manuscript 
completed)  indicate  that  a  portion  of  the  spread  lipid  is  trapped  in  the  surface 
and  cannot  equilibrate  with  the  bulk  aqueous  phase.   The  amount  of  lipid  which 
is  trapped  is  unknown,  and  as  a  consequence,  the  surface  concentration  or  its 
reciprocal,  the  area/molecule,  is  undefined.   Since  evaluation  of  the  free 
energy  of  the  film  requires  a  knowledge  of  the  surface  concentration,  the 
thermodynamic  properties  are  also  undefined.  We  have  avoided  this  problem  by 
forming  films  by  adsorption  from  saturated  solutions  of  the  lipid  in  water 
and  allowing  the  film  to  equilibrate  with  the  bulk  phase.   This  has  required 
developing  special  techniques  for  measuring  surface  concentrations  in  these 
saturated  systems.   Summarizing  some  of  our  results  and  contrasting  them  with 
the  traditional  views: 
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A.  Lecithin-cholesterol  interactions. 

Formerly  it  had  been  generally  accepted  that  lecithin  and  cholesterol 
formed  homogneous  mixtures  in  films.   We  were  the  first  to  demonstrate  that 
under  the  same  conditions  where  the  films  were  supposed  to  be  homogeneous, 
lecithin  forms  a  complex  with  cholesterol  with  a  stoichiometry  of  2:1,  and 
that  heterogeneous  surface  films  are  formed  depending  on  whether  the  mole 
fraction  of  lecithin  in  the  film  is  greater  or  less  than  0.67. 

B.  Surface  solution  properties. 

We  were  the  first  to  demonstrate  how  fatty  acid  moieties  govern  miscibility 
in  surface  films;  examples  were  found  of  mixed  lipid  systems  which  were  formerly 
considered  to  be  homogeneous,  exhibiting  complete  and  incomplete  miscibility. 

C.  Phase  transitions  in  condensed  films. 

We  have  recently  clarified  the  meaning  of  the  Itqutd-condensed/liquid- 
expanded  phase  transition,  a  phenomenon  which  is  a  general  property  of  lipid 
films.   It  has  been  used  (mistakenly)  as  a  model  for  the  gel-liquid  crystal 
transition  in  lecithin  bilayers.   The  transition  has  been  incorrectly  interpre- 
ted for  more  than  sixty  years  (manuscript  completed)  . 

D.  Surface  bilayer  formation  in  phospholipid  films. 

We  have  recently  discovered  a  new  surface  state:   the  surface  bilayer.   It 
forms  at  a  unique  temperature,  and  the  temperature  of  formation  depends  on 
both  the  fatty  acid  and  polar  moieties  of  the  phospholipid.   The  phenomenon 
has  been  identified  as  belonging  to  the  general  class  of  azetropic  transitions. 
This  observation  represents  a  radical  departure  from  the  general  view  that 
surface  films  are  always  monoraolecular .  More  importantly,  the  dependence  of 
the  temperature  of  formation  on  the  chemical  nature  of  the  phospholipid  appears 
to  parallel  the  variation  of  the  phospholipid  composition  of  bacterial  membranes 
with  growth  temperature.  We  are  exploring  the  extent  to  which  the  parallelism 
is  quantitative,  and  whether  there  is  also  a  relation  between  the  mechanism  of 
surface  bilayer  formation  and  bacterial  membrane  growth. 

II.   Disaturated  lecithin  analysis  in  plasma  and  atherosclerosis. 

The  studies  designed  to  find  correlations  between  disaturated  lecithin 
titer  in  human  blood  and  atherosclerosis  have  been  extended  to  a  population  of 
approximately  15,000  individuals  who  are  members  of  a  trade  union  in  California, 
and  are  receiving  complete  annual  physical  examinations  as  part  of  their  union 
benefits.   From  this  population  the  disaturated  lecithin  titer  for  all  indivi- 
duals for  whom  the  major  risk  factors  of  coronary  artery  disease  are  absent 
(serum  cholesterol  <  200  mg/  dl,  normal  height/weight,  normal  blood  pressure, 
normal  glucose  levels,  non-smokers)  were  examined.  There  were  only  203  indivi- 
duals In  this  group,  and  the  disaturated  lecithin  titer  ranged  from  0.86  -2.3 
mg/dl,  with  a  median  of  1.46  mg/dl.   Since  the  absence  of  coronary  artery 
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disease  risk  factors  does  not  assure  that  the  individual  will  be  free  of  athero- 
sclerosis, it  is  presumed  that  some  of  the  individuals  among  the  203  will 
have  atherosclerosis.  We  are  also  studying  a  group  of  patients  from  the  Coronary 
Care  Unit  of  NHLBI,  all  of  whom  have  been  given  coronary  angiograms  to  confirm 
that  they  have  atherosclerosis.   The  values  of  disaturated  lecithin  titer 
varies  from  above  1.38  to  3.7,  i.e.,  from  about  the  median  to  well  above  the 
maximum  obtained  for  the  risk-free  group.   These  results  suggest  that  below  a 
titer  of  about  1.4  the  individual  may  be  free  of  atherosclerosis.   These  studies 
are  continuing. 

Future  Course  of  Study: 

We  are  continuing  the  study  of  the  equilibrium  properties  of  surface 
bilayers,  and  the  kinetics  of  formation.  Methods  for  determining  the  temperature 
of  formation  in  multicoraponent  systems  are  being  developed.   We  are  also  begin- 
ning a  study  to  correlate  the  disaturated  lecithin  titer  with  each  of  the 
major  coronary  artery  disease  risk  factors  in  a  large  population  of  approximately 
15,000  individuals. 


Publications : 

Tajima,  K.,  and  Gershfeld,  N.  L.:   Detection  of  low  levels  of  lipid  contam- 
ination in  lecithin  by  equilibrium  spreading  pressures.  J.  Colloid  Interface 
Sci.  81:   283-284,  1981. 

Gershfeld,  N.  L.:   Quantitative  gas-liquid  chromatographic  analysis  of  disa- 
turated lecithins  in  blood  plasma.   Anal.  Biochem.,  in  press. 
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The  eryrhrocyte  memorane  is  generally  considered  as  consisting  of  a  bi- 
molecular  layer  of  phospholipid,  with  various  protein  molecules  penetrating  the 
bilayer  and  other  protein  molecules  attached  to  its  surfaces.  The  membrane 
inner  surface  is  lined  by  a  network  of  protein  molecules,  conf' sting  largely  of  , 
the  high  molecular  weight  protein,  spectrin.  The  several  membrane  phospholipidsi 
are  asymmetrically  distributed  between  the  Inner  and  outer  shells  of  the  the 
bilayer.  Measurements  on  age  (density)  fractionated  erythrocytes  showed  that    j 
the  phospholipid  asymmetry  does  not  change  over  the  cell  lifetime,  thus  suggestin 
a  functional  role  for  the  existent  asymmetric  distribution.   To  determine  whethei: 
interactions  with  membrane  phospholipids  contributes  to  the  stability  of  the    ; 
spectrin  network,  a  study  was  made  of  the  effect  of  enzymatic  hydrolysis  of 
membrane  phospholipid  on  the  dissociation  of  spectrin  from  the  membrane.   Hydrolt- 
ysls  of  50%  of  the  phospholipids  of  the  outer  shell  of  the  bilayer  had  no       I 
effect  on  the  dissociation  rates,  while  hydrolysis  of  inner  bilayer  shell  phospho 
lipids  increased  these  rates,  by  up  to  twofold  for  hydrolysis  of  all  inner  shell 
phospholipid.  Work  is  in  progress  to  determine  whether  this  increase  is  a 
direct  effect  of  disruption  of  spectrin-phospholipid  interactions. 


ZOl  AM  27004-11   LPB 


Project  Description: 

As  in  previous  years,  this  past  year's  work  concerned  the  erythrocyte 
membrane,  a  structure  which  is  considered  a  prototype  of  mammalian  cell  mem- 
branes.  According  to  current  concepts,  the  membrane  phospholipid  (which 
comprises  most  of  the  membrane  lipid)  is  arranged  in  a  bimolecular  leaflet, 
with  the  several  phospholipids  asymmetrically  distributed  between  the  inner 
and  outer  halves  of  the  bilayer.   Various  membrane  proteins  either  penetrate 
into  the  phospholipid  bilayer  or  are  bound  to  its  surfaces  .  Mechanical  rigid- 
ity is  maintained  by  a  "cytoskeletal  network"  lining  the  membrane  inner  surface; 
this  network  is  largely  composed  of  the  highest  molecular  weight  membrane 
protein,  spectrin. 

Studies  early  in  the  year  concerned  the  general  nature  of  the  asymmetric 
distribution  of  the  membrane  phospholipids.   Erythrocytes  for  essentially  all 
membrane  work,  including  that  on  phospholipid  asymmetry,  are  obtained  from  the 
blood  circulation,  and  hence  have  ages  ranging  up  to  about  120  days.  A  depen- 
dence of  phospholipid  asymmetry  on  cell  age  would  indicate  that  the  asymmetry 
found  with  an  ordinary  cell  population  has  no  particular  significance  for 
membrane  structure,  being  merely  an  average  value.   It  would  also  indicate 
that  the  asymmetric  phospholipid  distribution  is  not  an  equilibrium  one.   The 
distribution  of  phospholipids  between  inner  and  outer  halves  of  the  bilayer 
were  determined,  from  their  accessibilities  to  the  enzyme  phospholipase  A2, 
for  age  (density)  fractionated  erythrocytes.   Similar  results  were  found  for 
1-5  day  old  cells  as  for  >  50  day  old  cells  and  unf ractionated  cells,  thus 
indicating  that  a  symmetric  distribution  is  not  being  slowly  approached,  and 
that  the  existent  distribution  is  either  an  equilibrium  one,  a  metabolically 
maintained  steady-state,  or  a  very  stable  non-equilibrium  state. 

Present  work  concerns  the  nature  of  the  attachment  of  the  spectrin  network 
to  the  membrane.   It  is  known  that  spectrin  binds  to  another  protein,  ankyrin, 
which  itself  is  attached  to  a  protein  that  penetrates  the  phospholipid  bilayer. 
The  spectrin-ankyrin  binding  is  presumably  through  electrostatic  forces,  since 
it  is  strongly  ionic  strength  dependent.   However,  it  has  also  been  reported 
that  modification  of  spectrin  molecules  alters  the  arrangement  of  phospholipid 
molecules  in  the  membrane.   To  examine  for  further  evidence  of  spectrin-phos- 
pholipid interaction,  the  effect  of  enzymatic  decomposition  of  the  phospholipids 
on  the  low  ionic  strength  dissociation  of  spectrin  from  the  membrane  was 
studied.  Membranes  were  treated  with  phospholipase  A2,  which  hydrolyzes  all 
membrane  phospholipids  (except  sphingomyelin)  to  the  corresponding  lysophos- 
pholipid  and  fatty  acid,  under  conditions  in  which  only  outer  surface  phospho- 
lipid was  hydrolyzed.   Decomposition  of  about  50%  of  this  surface's  phospholipid 
(the  maximum  obtainable  because  of  the  large  sphingomyelin  content)  left  the 
spectrin  dissociation  rate  unaffected.   Decomposition  of  up  to  all  of  the 
phospholipids  of  the  membrane  inner  surface  increased  spectrin  dissociation 
rates  by  up  to  a  factor  of  two.   In  all  instances  the  rates  were  unaffected  by 
removal  of  the  hydrolysis  products  of  the  phospholipid  from  the  membrane  with 
albumin.   Further  work  is  necessary  to  establish  whether  the  observed  effects 
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are  direct  results  of  disruption  of  spectrin-phospholipid  interactions. 

Work  planned  for  the  future  concerns  changes  in  the  state  of  spectrin  in 
the  nerabrane  as  affected  by  modification  of  the  membrane  phospholipid  and 
exposure  to  low  ionic  strength.  With  the  cooperation  of  BEIB  an  apparatus 
is  under  construction  which  should  permit  measurement  of  the  molecular  motions 
of  spectrin  from  the  fluorescence  polarization  decay  rates  of  covalently  linked 
probes.   Since  it  has  so  far  not  proven  possible  to  f luorescently  label  spectrin 
to  the  exclusion  of  other  membrane  proteins,  initial  work  will  involve  recom- 
blning  spectrin  depleted  membranes  with  spectrin  which  has  been  labelled  in 
isolation . 


Publications: 

Reported  in  Press  -  1980 


Gottlieb,  M.  H.:   Rates  of  cholesterol  exchange  between  human  erythrocytes 
and  plasma  lipoproteins.   Biochim .  Biophys.  Acta   600:  530-541,  1980. 
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SUMMARY    OF    WORK    (200   words    or    less   -    underline    keywords) 

(1)  Radioactivity  from  tagged,  blowfly  storage  protein  (calliphorin) 
injected  into  "cold"  blowfly  larvae  is  subsequently  found  in  several  tissues, 
and  diverse  proteins,  of  the  adult  fly.  It  is,  therefore,  "utilized"  for 
adult  development.  (2)  Giant-  (or  pre-messenger-)RNA  is  localized  exclus- 
ively in  larval  body  wall  tissue;  its  synthesis  is  under  hormonal  (ecdysone) 
control,  and  its  occurrence  signals  the  larva's  commitment  to  pupariation. 
(3)  Experiments  indicate  that  an  early  small  peak  of  larval  ecdysone  iT~the 
biological  signal  for  the  cessation  of  feeding,  the  commencement  of  wandering, 
and  gene  activation  to  form  niant-RNA.  A  second,  larger  "burst"  of  ecdysone 
is  then  required  to  trigger  pupation. 
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Project  Description: 
Objectives: 

(1)  To  describe  the  metabolic  fate  of  the  storage  protein  calliphorin 
during  metamorphosi<;  of  the  blowfly. 

(2)  To  study  giant-RNA  synthesis   in  blowfly  larvae. 

(3)  To  examine  the  role  of  ecdysterone  on  the  behaviour  of  blowfly 
larvae. 

Methods  Employed: 

Radioactive  counting;   gel   electrophoresis;   fluorography;   RNA  separa- 
tion;  injections  and  ligaturing  of  blowfly  larvae. 

Major  Findings: 

C^'^-Phenylalanine   injected  into   immature  blowfly   larvae  was  used  to 
prepare  in  vivo  labeled  calliphorin.     The  purified  tagged  protein  was  in- 
jected into  mature  larvae,   and  proteins  from  the  resulting  flies  examined 
for  tracer.      Several    protein  bands   from  different  tissues,    notably  muscle 
myosin  and  actin,   and  cuticle  proteins,  were  labeled.     A  more  definitive 
picture  is   anticipated  shortly. 

Blowfly   larvae  below  a  critical   weight  will    never  pupate  when   removed 
from  their  food  and  starved;   above  the  critical    weight  they  may  pupate  to 
form  dimunitive  adults.     Whether  or  not  such  larvae  are  committed  to  pupa- 
tion depends  on  several   factors: 

(a)    If  returned  to   food  after  relatively   short  starvation,    they   re- 
sume feeding  and  attain  normal    size,   but  if  starved  for  longer  periods 
they  refuse  to  feed  and  are  compelled  to  pupate,      (b)    Injection  of  ecdy- 
sterone into  such  small    larvae  induces  premature  cessation  of  feeding  and 
production  of  miniature  pupae.     This  behavior  is  correlated  with   the 
appearance  in  the  body  wall   cells  of  a  giant-RNA   (a  pre-mRNA)  which  does 
not  occur  in  other  larval    tissues,      (e)   Giant-RNA  synthesis   is   triggered 
by  the  earlier  presence  of  a  small    amount  of  ecdysterone  of  either  endoge- 
nous,  or  exogenous,   origin,      (d)   Once  giant-RNA  is  produced,   the  larva   is 
irrevocably  committed  to  pupariation.      (e)   Pupariation   is   nevertheless 
dependent  upon  a  second  ard  larger  "burst"   of  ecdysterone  occurring  after 
giant-RNA  production. 

Significance  to  NIADDK  Research: 

Insect  metamorphosis   is   a  programmed  process  under  hormonal   control 
which  entails   the  decay  and  destruction   of  larval    cells  concomitantly  with 
the  differentiation  of  cells  and  structures   that  will    give   rise  to  the 
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adult  insect.  The  greater  part  of  this  process  takes  place  within  the 
span  of  a  week.  This  telescoping  of  the  aging  and  development  process 
in  the  insect  might  be  expected  to  bring  forth  features  otherwise  un- 
observable  in  the  corresponding  processes  of  higher  animals,  which  occur 
in  a  much  more  expanded  time  scale.  In  particular,  the  study  of  the  fate 
of  the  principal  soluble  larval  protein  refers  to  the  fate  of  an  essential 
component  of  the  developmental  machinery  including  its  conversion  into 
new  proteins  during  development  and  aging. 

Proposed  Course  of  Projects: 

(1)  The  fate  of  injected  labeled  calliphorin  during  metamorphosis 
of  the  blowfly,  including  the  pathway(s)  of  conversion  of  calliphorin  to 
other  proteins. 

(2)  Write  a  review  on  storage  proteins  in  insects. 

Publications: 

Zomer,  E.,  and  Levenbook,  L.:  The  effect  of  pH,  salt  and  chemical 
modification  on  subunit  interaction  of  Calliphorin,  the  major  soluble  pro- 
tein of  blowflies.  Arch.  Biochem.  Biophys.   (In  Press). 

REPORTED  IN  PRESS  -  1980 

Levenbook,  L.,  Boctor,  F.,  and  Fales,  H.  M.:  Biochemical  studies  of 
tick  embryogenesis.  Free  sugars  in  adult  hemolymph  and  during  embryo- 
genesis  of  Dermacentor  andersoni.  J.  Insect  Physiol.  26:  381-383,  1980. 

Levenbook,  L.,  and  Bauer,  A.  C:  Calliphorin  and  soluble  protein  of 
haemolymph  and  tissues  during  larval  growth  and  adult  development  of 
Calliphora  vicina.  Insect.  Biochem.  10:  693-701,  1980. 
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Project  Description: 
Objectives: 

1.  To  investigate  a  molecular  mechanism  of  the  "unsickling"  of 
erythrocytes  from  sickle  cell  anemia  patient. 

2.  To  determine  molecular  volume  of  activation  in  the  process  of 
polymerization  of  fibrinogen  and  fibrin. 

3.  To  study  influence  of  Piracetam  (2-oxo-l -pyrolidine  acetamide) 
on  human  neutrophil  function. 

4.  "Pasteurization"  of  human  fibrinogen  against  virus  hepatitis  at 
reduced  pressure. 

Methods  Employed: 

High  hydrostatic  pressure  method  is  the  same  as  previously  described. 
Cartesian  manostats  are  being  installed  in  order  to  make  the  procedure 
more  automatic. 

Chemi luminescence  is  being  measured  with  an  electron  multiplier  tube. 
For  the  determination  of  superoxide  production,  scintillation  counter  is 
being  evaluated. 

In  vacuo  polymerization  of  fibrinogen  and  fibrin  is  being  studied  by 
converTtional  equipment  interphased  with  a  Cartesian  manostat  (to  maintain 
constant  pressure) . 

Human  neutrophil  function  is  assayed  by  the  method  of  Regan,  Yokoyama, 
and  Tseng  which  determines  both  the  ingestion  and  intracellular  killing 
function  of  neutrophils.  In  this  method  nitroblue  tetrazolium  (NBT)  is 
reduced  to  formazan  (deep  blue  color).  NBT  is  reduced  by  superoxide  radi- 
cal (one  of  the  most  reactive  forms  of  oxygen  molecule  known  to  chemistry). 
Superoxide  is  produced  by  phagocytes  to  kill  pathogens. 

Superoxide  is  being  assayed  by  chemi luminescence  (IP21  photomultiplier 
luminometer)  or  by  a  scintillation  counter. 

Major  Findings: 

1.  Nitroblue  tetrazolium  (NBT)  reduction  test  show  that  1  mM  Piracetam 
increases  ingestion  and  killing  power  of  human  neutrophil  by  about 

1 OOX . 

2.  The  volume  of  activation  of  human  deoxy  HbS  is  91  ±  15  cc  mole"l; 
therefore,  hydrostatic  pressure  tends  to  inhibit  gelation  of  same. 
Under  hydrostatic  pressure  at  a  lower  limit  the  increase  in  solu- 
bility of  deoxy  HbS  is  +8.5  X  IQ-^  PSI'^. 
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3.  Bovine  fibrin  has  a  large  positive  volume  of  activation  --  +900  cc 
mole"^;  for  this  reason  hydrostatic  pressure  can  "melt"  the  fibrin 
polymer  reversibly. 

4.  Human  fibrinogen  cannot  be  "Pasteurized"  under  high  hydrostatic 
pressure  and  at  60°  C.  This  was  expected  from  the  theory  of  de- 
naturation  of  protein.  Upon  denaturation  charged  residues  are  ex- 
posed; therefore,  electrostriction  results  --  thus  the  negative 
volume  of  activation.  Consequently  applied  pressure  facilitates 
protein  denaturation.  High  hydrostatic  pressure  will  not  be  used 
in  order  to  "Pasteurize"  proteins. 

5.  Piracetam,  presumably  because  of  its  large  dipole  moment,  increases 
the  solubility  of  fibrin.  Piracetam  decreases  the  volume  of  activa- 
tion of  bovine  fibrinogen  by  100  percent  at  2  mM;  in  the  presence  of 
Piracetam  fibrinogen  is  already  electrostricted,  therefore  the 
small  volume  of  activation. 

Significance  to  MIADDK  Research:  . 

Sickle  cell  anemia  is  a  hereditary,  hemolytic  anemia  --  an  inborn 
error  of  metabolism;  hence  significant  to  ^JIAMDO  mission.  In  addition 
to  that  problem  of  coagulation,  an  investigation  into  fibrin  polymeri- 
zation at  the  molecular  level  is  of  utmost  importance  to  all  of  us. 
High  hydrostatic  pressure  study  appears  to  be  an  important  tool  in 
physical  biology.  This  study  provides  a  way  to  evaluate  the  molecular 
volume  of  activation.  This  type  of  investigation  could  yield  some  insight 
into  the  topological  distribution  of  electrical  charges  on  the  surface  of 
biopolymers. 

It  is  also  important  to  know  more  about  mechanism  of  host  resistance 
against  infection  and  how  to  increase  this  in  time  of  illness.  For  this 
reason  I  am  investigating  method(s)  to  enhance  phagocytosis  and  "killing 
power"  of  pathogens  by  human  neutrophils. 

Proposed  Course  of  Project: 

1.  In  vacuo  "Pasteurization"  of  human  fibrinogen  to  kill  hepatitis 
virus  without  denaturing  the  former. 

2.  The  volume  of  activation  of  bovine  fibrinogen  and  fibrin  will  be 
determined  by  the  high  hydrostatic  pressure  technique. 

3.  Chemi luminescence  will  be  employed  to  assay  superoxide  production 
by  human  neutrophils  either  by  luminometry  or  scintillation  counter. 

4.  Photomicrography  of  blood  platelets  and  leucocytes  will  be  used 
whenever  feasible  in  order  to  obtain  presumptive  evidence  prior  to  quan- 
titative measurements. 

Publications:   None  '4'92 
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complexes  is  being  examined.  Radiation  mactivation  is  being  used  to  analyze 
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are  being  conducted. 
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Project  Description: 
Objectives: 

1.  An  understanding  of  the  control    of  metabolic  activity   in  organ- 
isms. 

2.  Analysis  of  the  nature  of  macromolecular  damage  by  ionizing 
radiation. 

Methods  Employed: 

Determination  of  enzymatic  activity  in  cell   extracts  after  isola- 
tion of  enzymatically  active  complexes.     High  energy  radiation  inactiva- 
tion  of  proteins,  membranes  and  other  cell   extracts. 

Major  Findings: 

Target  analysis  of  radiation  damage  to  several   complex  macromolecular 
systems  have  been  completed.     In  particular,   three  projects  have  yielded 
new  insights   into  the  structural    requirements   and  functional    mechanisms: 
(1)   the  adenylate  cyclase   system  of  turkey  erythrocytes,    (2)   the  cell 
surface  receptors   for  low  density   lipoproteins,   and   (3)   the  mechanism  of 
calmodulin  activation  of  brain  phosphodiesterase. 

Previous   radiation  studies  of  the  glucagon-stimulated  adenylate 
cyclase  in   rat  liver  revealed  a  complex  interrelationship  of  the  hormone 
receptor   (R),   the  nucleotide-regulatory   proteins   (N)   and  the  catalytic 
unit  (C).     Evidence  was  presented  for  a  large  molecular  weight  oligomeric 
structure  which  disappeared  after  hormone  activation.     The  adenylate  cyclase 
system  from  the  turkey  erythrocyte  does  not  show  any  oligomeric   structures 
and  may   therefore  be  considered  a   simpler  system  than   that  of   rat  liver. 
Target  analysis  of   6-hydroxbenzylpindolol    binding  to  the   B-adrenergic 
receptor  (R)   revealed  a  96,000  dalton  unit.     The  catalytic  unit  was  measured 
by  assay  of  Mn-ATP   stimulated  cyclase  activity   in   irradiated  samples.      Its 
size  was   determined  to  be  about  92,000  daltons.     From  processes   requiring 
both  N  and  C  units,    the  nucleotide  regulatory  protein  was   determined  in- 
directly by  difference.     A  radiation  sensitive  unit  of  130,000  was  found. 
From  these  independent  measurements,   the  minimal    molecular  weight  of  the 
entire  R-N-C  structure  was  calculated:      318,000.     Experimentally,   the 
activation  of  adenylate  cyclase  by   isoproterenol    and  GppNHp   (which  in- 
volves the  receptor,   nucleotide  regulatory  and  catalytic  sites)   revealea 
a  target  size  of  320,000  which   is   interpreted  as  R-N-C. 

Another  radiation   study   focused  on   the  binding  of  lipoproteins   to 
fibroblast  membranes.     The  low  density   lipoproteins   (LDL)   as  well    as  one 
class  of  high   density   lipoproteins,   HDl^    (which  are   induced  by   a  hyper- 
cholerolemic   diet)   are  bound  to  specific  cell    surface  receptors.     The  LDL 
bind  to  one  site,   while  the  HDL^   bind  to  four.     Competition  between  LDL 
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and  HDLc  is  observed  and  the  binding  constants  of  each  reflect  the  multi- 
plicity of  HDLc  binding.     Irradiated  samples  of  fibroblasts  were  tested  for 
residual   binding  activity  by  different  concentrations  of  LDL  and  also  of 
HDLc'     Analysis  of  the  binding  data  by  the  method  of  Scatchard  showed  a 
decrease  in  the  number  of  sites,  but  not  in  the  affinity.     Such  results  im- 
ply that  radiation  destroys  receptors  completely,  and  any  receptors  which 
escape  are  completely  unaffected.     Target  analysis  revealed  a  106,000  dalton 
functional   unit  for  LDL  as  well   as  HDLc-     Thus  it  is  concluded  that  each  LDL 
receptor  is  also  an  HDLc  receptor.     The  alternative  model,   that  HDLc  binds 
to  four  independent  LDL  receptors,   is  disproven  by  these  results. 

Five  different  receptors  have  now  been  analyzed  by  the  radiation  method: 
glucagon-,   insulin-,   asialoglycoprotein-,   catecholamine-,   and  LDL/HDLc- 
receptors  all   show  a  target  size  close  to  100,000.     Such  possibly-fortuitous 
results  suggest  that  membrane  receptors  may  have  some  universal   structure  de- 
termined by  a  common  evolution  or  required  for  their  unique  function. 

Phosphodiesterase  enzyme  found  in  the  brain  is  activated  by  calmodulin. 
The  principal   attention  of  this  field  has  been  focused  on  the  degree  of  acti- 
vation which  was  associated  with  the  presence  of  dimeric  molecules  of  120,000 
molecular  weight.      Irradiation  of  both  crude  and  purified  preparations  of 
this  enzyme  revealed  that  the  basal    activity   (assayed  in  the  absence  of  cal- 
modulin) yielded  a  target  of  60,000  daltons.     However,   the  inactivation  curve 
was  not  a  simple  exponential   function  of  radiation  dose,   but  rather  showed 
a  small    initial    increase  in  activity  after  low  doses  of  radiation,   followed 
by  a  slow  exponential    loss.     The  total   activity  after  calmodulin  activation 
as  well   as  the  calmodulin-dependent  activity   (i.e.,   total    -  basal)  both  dis- 
played simple  exponential   activity  loss  due  to  radiation  inactivation,   and 
led  to  90,000  and  103,000  dalton  target  respectively.     Together  with  gel   fil- 
tration studies  of  different  enzyme  preparations,   these  data  have  led  to  a 
a  simple  model   which  explains  all    these  effects.     Brain  phosphodiesterase 
molecules  occur  as  dimers  and  monomers  in  an  equilibrium  which  is  determined 
by  external   conditions.     As  shown  by  the  basal   activity,   the  enzymatically 
functional   unit  is  the  monomer.     Calmodulin  activation  consists  of  conversion 
of  dimers  to  monomers.     The  dimer  is   inactive;   when  irradiated,   one  monomer 
is  destroyed  and  the  remaining  monomer  becomes  enzymatically  active.      In 
terms  of  the  radiation  inactivation  of  enzymic  function,   this  model   predicts 
that  the  basal   activity  will   be  described  by 


'^basal   "  %  ^  \  "  3"  Le         -  e         J  +  am  e 


where  A  is  the  enzymatic  activity  due  to  m  monomers  (of  mass  M)  and  n  dimers 
(of  mass  2M)  after  a  radiation  dose  D. 

This  equation  predicts  an  initial  rise  in  activity  at  low  doses  of  radia- 
tion and  a  subsequent  decrease  to  a  final  exponential  at  high  doses.  It  quan- 
titatively describes  the  rise  as  due  to  the  initial  ratio  of  monomers  to 
dimers  and  the  final  slope  yielding  the  size  of  the  monomeric  unit.  The  model 
also  predicts  that  the  total  activity  will  be  described  by 
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^J  -  an   (e-^D  ,  2  e-2MD  -  e'^MD)  +ani  e-^D 
and  the  calmodlul  in-dependent  activity  A^ni 

Acn,  =  Ay  -  Abasal   =  2  an  e-2MD 

Thus  the  experimentally-determined  inactivation  curves  are  in  complete 
agreement  with  the  predictions  of  the  model.     Such  possibly-fortuitous 
results  suggest  that  the  phosphodiesterase  monomer  is  active  in  the 
absence  of  calmodulin,    that  the  only   role  for  calmodulin   is   to  convert 
dimers   to  monomers. 

The  method  of  target  analysis  has  been  applied  to  a  variety  of  com- 
plex biological    systems.     It  has  the  advantages  of  not  requiring  purifi- 
cation, with  possible  induced  artifacts,   and  is  simple  to  perform.     More 
important,   however,    is  the  nature  of  the  procedure  which  yields  a  molecu- 
lar size  for  the  functional   unit  ~  that  is,   the  minimal    structure  which 
is  capable  of  carrying  out  the  measured  activity.     It  is  precisely  because 
of  this  property  that  the  method  allows  unique  insight  into  the  nature  of 
biochemical    processes. 
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Structural  studies  on  biological  macromolecules  and  macromolecular 
assemblies  have  been  performed  by  high  resolution  electron  microscopy  com- 
plemented by  optical  diffraction  and  digital  image  processing  in  a  new 
facility  designed  tor  this  purpose  and  still  under  development.   Micrographs 
of  human  immunoglobulin  IgG  crystals  have  been  analyzed  extensively  to 
determine  the  fidelity  of  electron  images  and  to  characterize  the  specificity 
of  stain  distribution .   Compared  to  a  reference  structure  derived  from  X-ray 
diffraction,  the  computer-optimized  micrographs  show  excellent  fidelity  to 
2  nm  resolution.   Furthermore,  the  distribution  of  uranyl  stain  is  pre- 
dominantly nonspecific.   The  complete  helical  structure  of  beet  necrotic 
yellow  vein  virus,  a  rodlike  plant  virus  possessing  a  quadripartite  genome 
of  ssRNA  has  been  solved  by  these  methods.   Initial  progress  has  also  been 
made  towards  solving  the  molecular  packing  within  keratin  filaments,  the 
structures  of  tetragonal  particle  patches  observed  in  membrane  preparations 
of  human  erythrocytes  membrane,  and  the  molecular  architecture  of  the  bac- 
teriophage T7  capsld  . 
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Project  Description: 

Objectives:  To  elucidate  the  structural  organization,  design  principles,  and 
functional  significance  of  macroraolecular  assemblies.  Specific  systems  under 
study  include  biological  membranes,  virus  particles  and  complexes  crystalline 
in  one,  two,  or  three  dimensions. 

Experimental  Approach:   These  objectives  demand  a  unified  approach,  synthesizing 
information  from  diverse  sources  (biochemical,  biophysical,  ultrastructural, 
etc.)   Our  strategy  is  to  establish  the  structural  basis  in  projects  which  are 
usually  collaborative  in  nature.   At  the  level  of  structural  techniques,  we 
are  engaged  in 

1)  high  resolution  electron  microscopy, 

2)  image  analysis  and  enhancement  by  optical  diffraction  and 
computer  image  processing, 

3)  development  of  appropriate  specimen  preparation  techniques  for 
electron  microscopy, 

4)  thermodynamic  studies  (calorimetry)  . 


Statement  of  Progress: 

In  the  past  year  it  has  been  possible  to  switch  tlie  emphasis  of  this 
project  from  the  development  phase  to  addressing  specific  structural  questions, 
as  summarized  below.   However,  the  process  of  building  up  the  resources  required 
'for  this  kind  of  research  has  continued.  Additionally,  we  have  been  able  to 
contribute  service  facilities  in  electron  microscopy  to  several  NIH  scientists. 

A:   Laboratory  Development 

1.  Electron  Microscope:   the  Philips  EM400  has  been  retrofitted  (5' 81) 
with  a  new  twin  objective  lens  designated  to  compensate  the  shortfall  in 
instrumental  resolution  which  accompanies  use  of  a  high-tilt  goniometer  stage. 
At  maximum  magnification  (480,000X),  the  microscope  is  now  capable  of  resolving 
the  2.04  A  spacing  of  gold  crystallites  and  tilt  of  up  to  60°.  We  shall  inves- 
tigate the  resolution  achievable  in  the  magnification  range  (20,000  -  60,000X) 
most  apposite  to  our  biological  studies. 

2.  Darkroom  Renovations:   Both  the  electron  microscopy  darkroom  and  the 
photographic  darkroom  have  been  extensively  renovated  to  facilitate  the  expanded 
range  of  photographic  procedures  which  are  now  necessary  to  our  research. 

3.  Computer  Program  Systems  (in  collaboration  with  Dr.  B.  L.  Trus,  CSL/ 
DCRT) :  In  the  past  year,  the  implementation  of  the  PIC  program  system  on  the 
PDP  11/70  has  been  completed.  A  wide  range  of  processing  operations  are  now 
available,  and  these  control  several  powerful  items  of  image  electronic 
processing  equipment.   A  description  of  this  system  has  been  submitted  for 
publication. 
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B.   Research  Program:  (Summary  of  Progress  and  Proposed  Future  Course) 

L  .   Electron  Microscopy  of  Protein  Crystals  and  Paracrystals :   The  goal 
of  this  project  is  to  develop  and  apply  methods  for  quantitative  structural 
analyses  of  raicrocrystals  of  proteins  and  protein  complexes  which  cannot  be 
treated  by  conventional  X-ray  crystallography  (as  might  occur  for  several 
reasons — repeating  unit  too  large,  inadequate  crystal  quality,  inappropriate 
crystal  dimensions  or  insufficient  supplies  of  biological  material). 

(a)  Human  Immunoglobulin  Microcrystals  (in  collaboration  with  Dr.  M.  A. 
Navia,  formerly  LMB/NIAMDD):   The  first  phase  of  this  project,  now  essentially 
complete,  has  been  to  evaluate  the  fidelity  of  structural  information  presented 
in  electron  micrographs  of  a  known  protein  crystal.  Our  findings,  reported  in 
paper  (Steven  and  Navia,  1980)  and  in  a  second  paper  soon  to  be  published, 
have  established  a  sound  correlation  between  the  stained  projection  and  an 
"ideal  image,"  to  a  resolution  limit  of  about  2  nm.   Furthermore,  the  stain 
distribution  is  found  to  be  predominantly  negative  (i.e.  non-specif ically 
confined  to  the  solvent  space  of  the  crystal.   These  findings  open  the  way  for 
the  next  phase  of  this  project:  application  of  these  methods  to  determination 
of  hitherto  unknown  structures.   Several  potential  experimental  systems  are 
currently  under  consideration. 

2  .   The  Structure  of  Viruses  and  Virus-Related  Particles: 

(a)  The  Molecular  Architecture  of  Beet  Necrotic  Yellow  Vein  Virus  (in 
collaboration  with  Dr.  M.  Wurtz,  Basel,  Switzerland;  Dr.  C.  Putz,  Colnar, 
France;  Dr.  B.  Trus,  CSL/DCRT):   This  virus  has  a  segmented  genome,  comprising 
four  separate  molecules  of  ssRNA.   All  four  are  required  for  productive  infection, 
and  they  are  packaged  into  rodlike  particles  of  different  lengths.   Our  analysis 
has  revealed  that  the  protein  subunits  are,  in  each  case,  arranged  according 

to  a  common  helical  symmetry;  the  axially  repeating  unit  consists  of  forty-nine 

protein  subunits  comprising  four  turns  of  a  single-stranded  right-handed  helix 

(pitch  -2.6  nm)  .  Each  subunit  interacts  with  and  protects  four  RNA  bases 
(Steven  et  al.,  1981)  . 

(b)  Capsid  Fine  Structure  of  Coliphage  T7  (in  collaboration  with 

Dr.  P.  Serwer,  University  of  Texas  Medical  School,  San  Antonio;  Dr.  B.  Trus, 
CSL/DCRT):   We  are  investigating  the  structural  organization  of  the  surface 
shell  of  this  dsDNA-containing  icosahedral  phage  (of  triangulation  class  T=7) 
by  means  of  tubular  "polycapsids"  produced  by  an  amber  mutation.  These  struc- 
tures represent  aberrant  foldings  of  the  viral  capsid  surface  lattice.  Their 
foldings  exhibit  the  novel  property  of  having  virtually  uniform  diameters 
(about  33  nm)  but  a  wide  range  of  pitch  angles.   The  surface  lattice  morphology 
is  being  defined  by  computer  filtration  of  electron  micrographs. 

For  reasons  of  experimental  expediency,  most  work  in  this  area  has  hither- 
to been  preformed  on  plant  viruses  and  bacterial  viruses.   An  important  direc- 
tion of  future  development  will  be  the  extension  of  these  studies  to  viruses 
of  animal  (particularly  human)  origin. 
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3 .  Cellular  Filaments  and  the  Cytoskeleton. 

(a)  Structure  of  Intermediate  Filaments  (in  collaboration  with  Dr .  P . 
Steinert,  DB/NCI) :   These  filaments  constitute  one  of  the  three  major  classes 
of  cell  filaments  (along  with  microfilaments  and  microtubules) .  At  this  time 
they  are  the  only  class  for  which  the  molecular  packing  arrangement (s)  are 
unknown.  We  have  started  work  in  two  directions  in  order  to  address  this 
problem — (1)  Direct  measurement  of  mass  per  unit  length  of  filaments  by  STEM 
dark-field  microscopy  (in  collaboration  with  Drs.  J.  Hainfeld  and  J.  Wall, 
Brookhaven  National  Laboratory).  With  epithelial  keratin  filaments  assembled 
in  vitro,  we  have  distinguished  two  major  classes  of  structure  corresponding 
to  26  kilodaltons/nm  and  35  kilodaltons/nm  respectively.   (2)  By  fiber  dif- 
fraction studies,  starting  from  negatively  stained  electron  micrographs  of 
negatively  stained  filaments  assembled  in  vitro  from  purified  and  biochem- 
ically defined  subunits.   The  disordering  of  the  (rather  pliable)  individual 
filaments  is  corrected  by  interpolation  methods.   These  images  are  then  Fourier 
transformed  and  a  novel  type  of  fiber  diffraction  pattern  is  synthesized  by 
combining  these  transforms  computationally.   In  this  way  we  have  been  able  to 
identify  helical  layer-lines  at  axial  spacings  of  45,  22,  18,  13,  5.4,  3.7, 

and  2  .7  nm. 

(b)  Re-distribution  of  Mass  in  the  Muscle  Fiber  upon  Activation: 

This  project  is  studied  intensively  by  Drs.  L.  C.  Yu,  R.  J.  Podolsky  and  other 
members  of  the  LPB  (cf.  Annual  Report).   Our  involvement  has  been  in  helping 
to  apply  image  processing  methods  to  the  analysis  of  their  X-ray  diffraction 
patterns  of  active  and  relaxed  muscle,  with  the  aim  of  quantitating,  localizing 
(and  rationalizing)  the  structural  changes  within  the  muscle  fiber  which 
accompany  the  activation  process. 

4 .  Structural  Analysis  of  Membrane  Proteins: 

Electron  microscopy  and  image  processing  as  a  technology  are  uniquely 
applicable  to  the  study  of  two-dimensional  crystals  of  integral  membrane  proteins 
(paper  3)  either  of  "natural"  provenance  (such  as  gap  junctions  or  the  purple 
membranes  of  halophilic  bacteria)  or  as  formed  "in  vitro"  in  response  to  bio- 
chemical preparation  methods  (as  has  been  achieved  with  several  cytochrome 
complexes  of  mitochondrial  origin) . 

Human  Erythrocyte  Membranes:   We  have  made  some  initial  progress  on  a 
system  of  the  latter  sort,  observed  in  preparations  derived  from  human  red 
blood  cell  membranes.   Tetragonal  patches  of  membrane  particles  have  been 
observed  and  classified  into  several  categories  by  morphological  criteria. 
Immuno-electron  microscopy  is  being  used  to  determine  the  protein(s)  which 
constitute  these  particles.   At  this  point  in  the  investigation,  the  candidate 
proteins,  spectrin  and  ankyrin,  have  been  almost  totally  ruled  out;  Band  3, 
the  anion  transport  protein,  is  seen  as  the  most  likely  candidate.  However, 
the  circumstances  under  which  these  arrays  are  produced  are  accompanied  by 
limited  proteolysis  of  some  membrane  proteins  (as  monitored  by  SDS/PAGE), 
raising  the  possibility  that  the  particles  may  constitute  proteolytic  fragments 
rather  than  intact  proteins. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

An  improved  understanding  of  raacroraolecular  assembly  events — in  particular, 
membrane  biogenesis  and  virus  propagation — should  be  of  direct  relevance  to 
several  areas  of  medical  research,  as  well  as  contributing  to  the  elucidation 
of  these  basic  biological  phenomena. 

Publications : 

Steven,  A.  C:   Visualization  of  virus  structure  in  three  dimensions.   In 
Turner,  J.  (Ed.):   Three  Dimensional  Ultrastructure :   Methods  and  Perspectives 
in  Cell  Biology.   Vol.  22,  New  York,  Academic  Press,  1981,  pp.  297-323. 

Steven,  A.  C,  Trus,  B.  L.,  Putz,  C,  and  Wurtz,  M.:   The  molecular  organization 
of  beet  necrotic  yellow  vein  virus.   Virology,  in  press. 

Reported  in  Press,  1980 


Rosenbusch,  J.  P.,  Steven,  A.  C,  Alkan,  M.,  and  Regenass,  M.:   Matrix  porin; 
A  periodically  arranged  pore  protein  in  the  outer  membrane  of  Escherichia 
coli  .   In  Baumeister,  W.,  and  Vogell,  W.   (Eds.):   Electron  Microscopy  at 
Molecular  Division.   Berlin,  Springer-Verlag,  1980,  pp.  1-10. 

Steven,  A.  C.  and  Navia,  M.  A.:  Fidelity  of  structure  representation  in 
electron  micrograph  of  negatively  stained  protein  molecules.  Proc  .  Nat . 
Acad.  Sci.  USA  77:  4721-4725,  1980. 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  CHEMICAL  PHYSICS 

NATIONAL  INSTITUTE  OF  ARTHRITIS,  DIABETES, 

AND  DIGESTIVE  AND  KIDNEY  DISEASES 


The  staff  of  the  Laboratory  of  Chemical  Physics  consists  of  a 
group  of  scientists  and  support  staff  working  at  the  frontiers  of 
the  application  of  physical  methods  to  problems  in  molecular  and 
cellular  processes.  These  problems  range  from  questions  concerning 
the  fundamentals  of  the  electronic  and  atomic  properties  and 
architechture  of  molecules,  to  the  way  in  which  these  properties 
are  reflected  in  the  behavior  of  both  normal  and  abnormal 
biological  processes.  As  such  it  is  a  microcosm  of  the  NIH 
research  effort  as  a  whole,  with  the  exception  that  no  direct 
medical  intervention  with  humans  is  involved.  Because  of  its 
heterogeneity,  the  following  summary  will  not  attempt  to  establish 
a  pattern  of  cohesiveness  in  the  programmatic  research.  Instead 
the  programs  of  the  scientific  staff  as  they  are  reflected  in  their 
substantial  accomplishments  this  year  will  be  individually  traced. 
A  close  reading  will  however  demonstrate  that  there  is  a  pattern 
discernable,  a  pattern  which  in  fact  is  reflected,  to  those  who 
know  the  laboratory,  in  the  cooperative  and  synergistic  atmosphere 
in  which  the  work  is  carried  out.  The  pattern  is  discernable 
principally  from  two  factors:  one  is  the  common  interest  in  the 
way  fine  details  of  molecular  and  electronic  structure  determine 
both  the  static  and  dynamic  properties  of  molecules  ranging  in  size 
from  the  few  atoms  of  small  organic  molecules  like  cyclohexadienes 
to  the  millions  of  atoms  in  DNA  or  in  the  complexes  which  form  cell 
membranes;  the  second  is  in  the  shared  interests  in  the  use  of 
advanced  electromagnetic  techniques  with  frequencies  ranging  from 
long  radiof requency  waves  used  in  electron  and  nuclear  magnetic 
resonances  to  the  ultra-high  frequencies  associated  with  the 
so-called  vacuum  ultraviolet  spectrum.  Still  a  third,  although  not 
quite  so  ubiquitous  pattern  is  in  the  pronounced  association  of 
theoretical  and  experimental  interests. 

The  following  summary  is  in  the  order  of  the  intramural 
research  project  number  and  is  limited  to  the  principal 
accomplishments  associated  with  the  projects.  In  each  case 
additional  significant  and  important  results  were  obtained;  these 
will  be  found  in  the  reports  of  the  individual  principal 
investigators. 

Becker:  The  nuclear  magnetic  resonance  (NMR)  group  under 
Becker  occupies  a  rather  special  place  in  the  laboratory  as  the 
high  concentration  of  very  expensive  equipment  with  its  associated 
computers  has  enabled  the  laboratory  to  act  as  host  to 
investigators  from  other  laboratories  at  NIH  as  well  as  from 
outside  NIH.  Descriptions  of  the  work  of  some  of  these 
investigators  ( Cohen/NICHD;  Torchia/NIDR)  is  therefore  found 
elsewhere  in  the  annual  reports.  Of  particular  interest  in  the 
work  performed  directly  by  laboratory  members  and  visiting 
scientists  is  the  dramatic  results  obtained  in  the  study  of 
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molecules  oriented  in  liquid  crystals  in  which  phase  transitions 
have  been  observed  and  characterized  by  the  abrupt  changes  in  the 
constants  which  characterize  the  dipolar  coupling  between  magnetic 
resonances  associated  with  particular  atomic  groupings.  The  effect 
has  been  further  exploited  to  provide  a  new  method  of  obtaining 
values  of  an  important  nuclear  parameter,  the  chemical  shift 
anisotropy.  This  project  was  initiated  at  NIH  by  Becker  and  C.  L. 
Xhetrapal  and  is  being  continued  at  the  Bangalore  MR  Facility  in 
Bangalore,  India.  Inubushi  has  carried  out  a  series  of  ^C  MR 
experiments  on  novel  hemoglobin  derivatives.  He  has  shown  that 
the  --t-chain  of  hemoglobin  is  much  more  sensitive  to  ligand  binding 
by  the  adjacent  ( ti )  subunits  than  are  6  chains,  a  result  which 
fiives  considerable  new  insight  into  the  mechanism  of  cooperativity . 

Levin:  V/ith  the  combined  infrared  and  Raman  spectral 
technique  for  probing  the  microscopic  structure  of  bilayer 
membranes  which  they  have  developed  over  the  past  few  years,  Levin 
and  his  colleagues  have  studied,  for  example,  the  competing  effects 
of  the  hydrophobic  and  hydrophilic  portions  of  melittin,  a 
polypeptide  of  26  amino  acid  residues.  Lavialle  and  Levin  found 
that  both  portions  immobilize  bilayer  lipids  contiguous  to  the 
polypeptide  and  Bryant,  Lavialle  and  Levin  using  a  variation  of  the 
technique  in  which  the  model  membranes  are  composed  of  both 
deuterated  and  non-deuterated  lipids,  have  found  evidence  in 
melittin  containing  systems  for  three  classes  of  perturbed  bilayer 
lipids . 

Weiss  (Scientist  Emeritus):  A  general  synthesis  of  polycyclic 
ring  systems  made  up  from  cyclopentane  rings  has  been  developed  by 
Weiss  in  cooperation  with  J.  M.  Cook,  of  the  University  of 
Wisconsin  and  is  being  applied  to  the  total  synthesis  of  natural 
nroducts,  in  particular  to  a  sesquiterpene  widely  distributed  in 
certain  plants. 

Ziffer:  Almost  all  biological  molecules  are  produced 
stereoselectively ;  that  is,  only  one  of  two  or  more  possible 
structures,  identical  except  for  their  chirality  (handedness)  are 
naturally  produced.  The  development  of  methodologies  for 
synthesizing  chiral  compounds  and  for  assigning  their  absolute 
stereochemistry  is  therefore  of  prime  importance  in  the  study  of 
natural  projects  and  biological  processes.  While  testing  a  model 
for  predicting  the  configurations  of  alcohols  produced  by  microbial 
reductions,  Ziffer  and  Proussios  h°ve  found  that  the  relative 
substituent  sizes  deduced  by  enantio-selective  hydrolysis  are  in 
excellent  agreement  with  those  determined  by  asymmetric  synthesis. 
This  work  represents  a  substantial  advance  in  the  search  for  a 
truly  catalytic  method  for  the  preparation  of  chiral  alcohols. 

Charney:  Because  of  the  vector  properties  of  interaction  of 
light  with  matter,  much  more  detailed  information  can  be  obtained 
from  optical  measurements  on  preferentially  oriented  molecules  than 
on  randomly  oriented  ones.  Charney  and  his  colleagues  have  been 
developing  and  applying  techniques  for  orienting  macromolecules  for 
over  a  decade.   Their  newest  work  involves  the  organization  of  DNA 
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in  higher  order  structures  and  the  development,  experimentally  and 
theoretically  of  the  origin  of  the  electric  field  orientation  of 
polyelectrolytes,  of  which  DNA  is  a  prime  example.  Rau  and  Charney 
have  developed  an  advanced  theory  for  the  origin  of  the  orienting 
moment  in  the  combined  polarization  of  the  condensed  layer  of 
counterions  surrounding  these  highly  charged  polyelectrolytes  and 
of  the  more  diffuse  ion-atmosphere  of  the  solutions  in  which  they 
are  dissolved.  Experimental  ohservations  on  the  two  stranded  and 
three  stranded  complexes  of  poly(rA)  and  poly(rU),  and  on  DNA,  have 
shown  that  the  essentials  of  the  theoretical  treatment  are  correct. 
It  will  now  "be  possible  to  extract  structural  information  from  the 
experimental  data  under  conditions  of  partial  orientation  without 
the  ambiguities  inherent  in  earlier  experimental  studies  which 
arose  from  an  inability  to  define  separately  the  effects  of 
orientation  and  of  the  molecular  structure. 

Kon:  In  an  extraordinarily  novel  application  of  the  electron 
spin  resonance  (ESR)  technique,  Kon  and  Noji  have  demonstrated  that 
the  ESR  spectral  change  observed  in  a  cell  suspension  in  a  shear 
flow  is  a  useful  measure  of  red  cell  deformability .  The  technique, 
which  is  capable  of  determining  the  orientation  of  the  known 
magnetic  axes  of  a  molecule  (spin  label)  incorporated  in  the  lipid 
bilayer  of  a  red  cell  membrane,  uses  both  the  temporal  and 
equilibrium  data  obtained  in  an  ESR  spectrometer.  Despite  the  lack 
of  a  definitive  theory  of  membrane  elasticity  in  shear  flow,  it  is 
already  clear  that  the  deformational  recovery  process  after 
distortion  in  the  flowing  fluid  can  be  separately  determined. 

McDiarmid:  Spectroscopic  investigations  of  the  excited 
electronic  states  of  prototype  polyatomic  molecules  are  motivated 
by  the  realization  that  it  is  necessary  to  understand  the 
energetics  of  the  states  of  small  molecules" before  it  is  possible 
to  understand  those  of  larger  molecules  of  biological  interest. 
The  work  uses  the  most  advanced  "state  of  the  art"  equipment  and 
techniques  with  variable  frequency  dye  lasers,  electron  impact 
spectroscooy  (in  cooperation  with  J.  Doering  at  Johns  Hopkins 
University^  and  multiphoton  ionization  (?4PI)  spectroscopy.  A 
typical  example  of  the  new  results  this  year  is  found  in  the 
interpretation  of  the  spectra  of  1 .4  cyclohexadiene  where  a  two 
photon  transition  was  found  to  an  excited  state  7.4  ev  (  59,700 
cm  )  above  the  ground  state.  (McDiarmid  and  Auerbach)  This 
transition,  which  is  optically  forbidden  (i.e.  does  not  appear  in 
an  ordinary  one-photon  absorption  experiment),  is  a  key  to 
understanding  the  electronic  structure  of  this  and  similar 
compounds. 

Eaton:  Following  up  their  earlier  work,  where  in  a  series  of 
innovative  investigations  the  mechanism  of  hemoglobin  S  gelation 
was  studied  in  solution,  light  scattered  from  the  surface  of  a 
single  red  cell  has  been  monitored  to  observe  the  extent  of 
polymerization  of  hemoglobin  S  in  a  sickling  cell.  At  short  times, 
where  the  polymerization  progress  curve  is  clear,  it  has  been 
observed  that  there  are  no  differences  between  cells  and  solutions 
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either  in  the  expected  wide  range  of  delay  times  before  the  onset 
of  poljmerization  or  in  the  shape  of  the  polymerization  progress 
curves  (Eaton,  Hofrichter,  Sunshine  and  Coletta) .  Considerable 
progress  has  thus  been  made  in  the  objective  of  developing  a 
rationale  for  the  develop^ient  of  agents  that  can  be  used  in  the 
treatment  of  patients  with  sickle  cell  disease  and  of  assay 
techniques  to  test  the  efficacy  of  these  agents. 

Eaton:    A   cooperative  investigation   of   the  dynamics   of 

conformational   transitions  in  proteins,  hemoglobin  in  particular, 

using  time-resolved  pulsed  laser  spectroscopy  is  described  in 
Hofrichter's  work  (below). 

Hagins  and  Yoshikami:  This  joint  project  of  two  principal 
investigators  involves  studies  of  the  visual  processes  by  combined 
optical  and  electrical  measurements  in  live  rod  cells.  Since  light 
causes  fast  loss  of  Ca  from  live  rod  outer  segments  and  the  rod 
membrane  potential  is  simultaneously  increased,  the  question  arises 
as  to  whether  the  extrusion  of  Ca  is  large  enough  and  fast  encash 
to  serve  by  itself  to  dominate  the  mechanism  by  which  Ca  , 
released  in  the  rod  cytoplasm  by  light,  is  removed  and  the  light 
response  thus  terminated.  A  large  series  of  experiments  have  now 
shown  that  when  conditions  favor  Ca  extrusion  from  retinal  rods, 
the  light  responses  decay  rapidly,  while  if  the  Na:Ca  exchange  pump 
is  not  strongly  driven  by  the  inwardly  directed  Na  gradient,  the 
light  responses  are  slow.  Since  previous  work  from  this  group  has 
shown  that  intracellular  Ca  controls  .the  influx  of  Na  ,  the 
Dresence  of  the  reverse  effect  of  Na  on  Ca  fluxes  established  a 
complex  feedback  control  mechanism  involving  the  two  ions. 
Mathematical  modeling  is  now  being  used  to  study  the  effect  of  this 
machinery  in  producing  the  kinetic  properties  of  the  visual 
response.  Studies  associated  with  the  sane  project  carried  out  in 
association  with  M.  Poster  and  J.  George  are  described  in  the 
T5roject  report. 

Sharpless:  Using  the  methods  of  quantum  mechanics  the 
energies  of  the  lowest  empty  molecular  orbital  (LEMO)  (the  first 
orbital  filled  by  electronic  excitation)  and  the  structural 
■parameters  which  minimize  the  ground  state  energies  have  been 
calculated  for  a  series  of  molecular  inhibitors  of  the  enzyme 
aldose  reductase,  presumed  to  be  involved  in  the  formation  of 
diabetic  cat.^.racts.  Linear  relationships  have  been  found  between 
the  LEMO  and  the  degree  of  inhibition  supporting  a  theory  for  the 
mechanism  of  inhibition  which  involves  a  nucleophilic  assault  on 
the  carbon  atom  of  a  carbonyl  group  of  the  inhibitor  by  the 
reductase,  which  is  thus  made  unavailable  to  its  customary 
substrate. 

Altland:  Noting  the  association  of  hypoxemia  with  cardiac 
diseases  in  animals,  a  technique  was  developed  to  combine  the 
effects  of  a  hemolytic  streptococcus  (S.  Sanguis)  and  hypobaric 
exposure  to  study  the  importance  of  hypoxemia  in  the  production  of 
infectious  endocarditis.   It  was  found  to  be  possible  by  this 
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method  to  examine  the  effects  of  high  altitude  exposure  with  a 
simple  short  exposure  rather  than  the  weeks  or  months  that  had 
previously  been  necessary.  A  number  of  major  findings  have  ensued 
not  the  least  of  which  is  that  caution  should  be  taken  by 
individuals  with  oral  infection  who  contemplate  exposure  to 
altitude;  S.  Sanguis  is  often  found  to  colonize  teeth  surfaces. 
(Altland  &   Rattner) . 

Jennings:  The  Honeywell  computer  which  has  served  both  the 
Laboratory  of  Chemical  Physics  and  the  Laboratory  of  Molecular 
Biology  for  twelve  years  has  been  replaced  with  a  local  network  of 
DEC  microcomputers  connected  to  a  DEC  11/70  host  computer.  This 
project  had  the  cooperation  of  DCRT  and  required  the  redesign  and 
rebuilding  of  the  hardware  and  software  of  the  remote  systems 
associated  with  individual  instruments  in  the  laboratories. 

Hofrichter:  With  the  addition  of  computer  control  and 
additional  optical  elements,  what  is  possibly  the  most  sensitive 
fast  spectrometer  in  existence  has  been  completed  to  the  point 
where  transient  events  may  be  detected  by  complete-spectra  or 
single  wavelength  measurements  on  the  time  scale  of  10  to  10 
seconds.  The  spectrometer  is  based  on  two  pulsed  NdrYAC  lasers; 
the  first  laser  is  used  as  an  excitation  source  to  perturb  the 
sample  by  inducing  a  photochemical  change,  or  by  perturbing  the 
solution  conditions,  using  an  appropriate  light  coupled  inducer. 
The  second  laser  is  used  as  a  monitoring  source  to  measure  the 
subsequent  course  of  the  reaction.  The  spectrometer  has  been  used 
to  measure  the  spectral  evolution  of  deoxyhemoglobin  produced  by 
photolysis  of  carbonmonoxyhemoglobin.  Several  distinct  processes 
are  observed :„  a  _fieminate  recombination  of  the  CO  at  a  rate  of 
about  1.5  X  10  sec  and  a  slower  change  characteristic  of  the 
hemoglobin  quaternary  structural  change  (Hofrichter,  Eaton,  Sommer 
and  Henry) . 

Adams:  In  cooperation  with  Levin  and  with  Lavialle  using  the 
Raman  and  infrared  methods  noted  above,  the  interaction  of  melittin 
and  other  proteins  as  well  as  alcohol  with  a  variety  of  membrane 
models  have  been  investigated.  Among  the  most  interesting  of  these 
proteins  is  one  from  myelin  nerve  sheath  which  appears  to  inhibit 
the  interdigitation  of  dipalmitoyl  phosphatidylglycerol  in  membrane 
bilayers  at  temperatures  above  30  C,  but  not  below. 

Gansow  (visitor):  In  a  joint  project  with  M.  Strand  and  D. 
Scheinberg  of  the  Johns  Hopkins  Medical  Institution,  a  new  and 
potentially  most  useful  method  for  diagnosis  and  therapy  of 
metastasized  cancer  has  been  developed.  Metal  chelates  containing 
radionuclides  have  been  attached  to  tumor-cell-specific  monoclonal 
antibodies  in  such  a  way  that  neither  the  activity  nor  specificity 
of  the  antibody  is  adversely  affected.  These  labeled  antibodies 
have  been  shown  to  localize  specifically  in  tumor  tissues  in   vivo. 
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Szabo:  This  new  theoretical  program  is  directly  related  to 
important  experimental  investigations  in  the  Laboratory  of  Chemical 
Physics  and  elsewhere.  The  current  projects  are  being  developed  to 
extract  information  on  the  internal  motions  of  biopolymers  from 
nuclear  magnetic  relaxation  and  time-resolved  fluorescence 
depolarization  experiments.  Recent  results  have  demonstrated  that 
nuclear  resonance  relaxation  data  on  DNA  imply  the  existence  of 
large  amplitude  internal  motions  on  the  nanosecond  time  scale. 
These  motions  may  be  at  least  partly  responsible  for  the  relative 
ease  with  which  DNA  achieves  a  number  of  its  polymorphic 
structures. 
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Project  Description: 
Objectives  : 

1.  Elucidation  of  the  forces  within  and  between  molecules,  especially 
those  of  potential  biological  importance. 

2.  Development  of  spectroscopic  methods  for  studying  molecular  struc- 
ture and  analyzing  materials  of  chemical  and  biological  interest. 

Major  Findings  and  Future  Plans: 

Oriented  molecules.   A  research  program  on  NMR  spectroscopy  of  oriented 
molecules,  begun  last  year,  has  been  continued.   Previous  investigations 
(reported  last  year)  showed  that  the  favored  conformation  of  the  methyl  group 
in  phenylsilane  has  one  hydrogen  in  the  plane  of  the  ring,  whereas  for  the 
carbon  analog  toluene  all  hydrogens  of  the  methyl  group  are  out  of  the  plane. 
New  results  for  phenylpropyne  demonstrate  that  the  NMR  results  are  insensitive 
to  the  conformation  of  the  methyl,  as  would  be  expected  from  the  greater  inter- 
proton  distances  here  as  compared  with  phenylsilane  and  toluene. 

NMR  studies  of  molecules  oriented  in  nematic  phases  may  use  as  the  solvent 
a  liquid  crystal  with  either  positive  or  negative  diamagnetic  anisotropy.   In 
work  begun  at  NIH  and  continued  in  Bangalore,  Khetrapal  has  explored  the  use  of 
a  solvent  composed  of  varying  proportions  of  raiscible  liquid  crystals  of  positive 
and  negative  magnetic  anisotropy.   As  expected,  the  NMR  splittings  change  grad- 
ually with  solvent  composition  over  extended  regions  of  composition.   However, 
surprisingly  at  a  critical  concentration  there  is  a  sharp  discontinuity,  with 
the  sign  and  magnitude  of  the  dipolar  coupling  constants  abruptly  changing  from 
+D  to  -2D.   This  phenomenon  has  been  exploited  to  provide  a  new  method  of 
obtaining  values  of  chemical  shift  anisotropy  and  scalar  spin  couplings  without 
the  necessity  of  assuming  that  these  quantities  are  independent  of  solvent. 
Further  work  is  underway  to  elucidate  the  detailed  processes  resulting  in  the 
unexpectedly  sharp  transition  observed  in  these  mixed  solvents  at  a  critical 
concentration  and  at  a  critical  temperature. 
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Fe  NMR.   Gansow  completed  a  study  of  the  mechanism  of  Tj  relaxation  of 


iron-57  in  the  t-butylferrocene  molecule.   The  400  MHz  spectrometer  at  the 
University  of  South  Carolina  NMR  facility  was  employed  to  obtain  high  field 
data  to  compare  with  those  obtained  by  use  of  the  270  MHz  spectrometer  at  NIH. 
The  results  showed  conclusively  that  ^  Fe  relaxed  via  the  chemical  shift  aniso- 
tropy (CSA)  mechanism.   This  is  significant  because  T^  (CSA)  will  decrease  propor- 
tional to  the  magnetic  field  strength  employed  to  observe  resonance.   Thus, 
relatively  short  and  useful  T^  values  could  be  anticipated  for  ^^Fe  studies 
performed  on  the  500  MHz  instrument  soon  to  arrive  at  NIH. 

Heme  proteins.   Inubushi  has  used  proton  and  ^  ^C  NMR  to  obtain  information 
on  the  detailed  structure  and  interactions  of  hemoglobin  and  of  cytochrome-c 
peroxidase.   In  order  to  study  the  half-liganded  hemoglobin  molecules,  he 
employed  iron-cobalt  hybrid  hemoglobins  in  which  the  iron  hemes  are  complexed 
with  ^C  enriched  CO,  whole  the  two  cobalt  hemes  are  either  unliganded  or  com- 
plexed to  oxygen.   The  ^ ^C  chemical  shift  of  CO  bound  to  the  6-subunits  was  found 
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to  be  rather  insensitive  to  the  transition  from  the  half-liganded  a(Co)  23(Fe. -^  ^CO)  2 
to  fully  liganded  a(Co  .O2)  2S(Fe. -^  ^CO)  2  •   This  was  also  independent  of  the  presence 
of  allosteric  effector,  inositol  hexaphosphate  (IHP) .   In  contrast,  the  ^ ^CO 
resonance  of  the  a-subunits  was  shifted  upfield  by  0.3  ppm  by  the  conversion 
from  the  half-liganded  state  to  the  fully  liganded  state.   Moreover,  addition 
of  IHP  to  the  half-liganded  a(Fe.  ■•■  ^CO)2  3(Co)  2  gave  rise  to  a  0.3  ppm  downfield 
shift.   These  results  indicate  that  a  structural  change  is  probably  localized  in 
the  vicinity  of  the  heme  in  the  a  subunits  but  not  in  the  g  subunits. 

Yeast  cytochrome  c  peroxidase  (CCP)  is  a  mitochondrial  protoheme  enzyme  with 
a  molecular  weight  of  ca.  34,000,  which  catalyzes  an  oxidation  of  ferro  cytochrome 
c  in  the  presence  of  H2O2.   Ferric  high-spin  (S=5/2)  CCP  prepared  in  0.1  M  phos- 
phate buffer  gives  two  sets  of  isotropically  shifted  heme  methyl  signals.   These 
two  forms  of  CCP  can  be  readily  distinguished  in  ^H  NMR  spectra,  even  though 
spectrophotometry  and  electron  paramagnetic  resonance  show  hardly  any  abnormality 
under  the  same  conditions.   On  the  other  hand,  CCP  prepared  in  0.1  M  acetate 
buffer  shows  only  one  set  of  heme  signals,  which  corresponds  to  the  major  com- 
ponent observed  in  the  phosphate  buffer.   Whether  these  two  forms  are  due  to  an 
external  effector  or  to  two  conformers  of  the  homogeneous  enzyme  is  still  open 
to  study.   In  addition,  Ca"^  has  been  found  to  affect  the  resonance  positions 
of  heme  methyl  signals  and  to  cause  a  dramatic  suppression  of  EPR  signals  from 
its  low  spin  (S=l/2)  component  at  77  K,  where  CCP  is  in  thermal  equilibrium 
between  high  spin  (S=5/2)  and  low  spin  (S=l/2) .   These  observations  suggest 
that  CCP  has  an  accessible  site  for  Ca^"^  in  its  protein  part  and  the  binding 
gives  rise  to  a  change  of  the  electronic  properties  of  ferric  high-spin  heme 
ion. 

Publications : 

Khetrapal,  C.  L.:   NMR  spectra  of  tricyclic  compounds  oriented  in  the 
nematic  phase:   the  spectrum  of  phenazine.   Org.  Magn.  Res.  1_5-  238, 
1981. 

Khetrapal,  C.  L.,  Chatterjee,  C.  L.  and  Yeh,  H.  J.:   NMR  spectra  of  oriented 
biologically  important  molecules.   The  structure  and  conformation  of  N- 
methylimidazole.   Chem.  Phys .  Letts.  7_6  :  553,  1980. 

Khetrapal,  C.  L.  and  Becker,  E.  D.:   An  NMR  study  of  the  structure  of  and 
the  internal  rotation  in  phenylsilane.   J.  Magn.  Res.  4_3  :  8,  1981. 

Khetrapal,  C.  L.  and  Kunwar,  A.  C:   A  ^  3c_f;fj/[R  study  of  non-planar  distor- 
tions in  amides.   J.  Biochem.  Biophys.  Methods  k-    185,  1981. 
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Products  of  reaction  catalyzed  by  purified  rat  liver  guanylate  cyclase 
determined  by  ^^P  NMR  spectroscopy.   Proc.  Natl.  Acad.  Sci.,  USA,  77 : 
5734,  1980. 
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Project  Description 

Within  the  project  area  of  the  vibrational  dynamics  of  membrane  compo- 
nents and  membrane  assemblies  our  objectives  are  to  probe,  clarify  and  inter- 
pret the  vibrational  spectroscopic  characteristics  of  biological  membranes  and 
related  systems  in  terms  of  inter-  and  intramolecular  order  parameters.   The 
general  approaches  include:   (a)  analyses  of  the  Raman  and  infrared  spectra 
of  selected  systems,  and  (b)  the  determination  of  reliable  intramolecular 
force  fields  when  applicable. 

A  variety  of  laser  Raman  and  infrared  spectroscopic  procedures  provide 
the  required  data  for  the  various  vibrational  analyses.  The  intramolecular 
force  field  computations  are  necessarily  performed  on  a  large  digital  computer. 

The  investigations  of  membrane  bilayer  assemblies  are  described  in  the 
following  paragraphs. 

1.  For  bilayer  systems  consisting  of  1, 2-dimyristoyl  phosphatidylcholine 
(DMPC)  incubated  with  melittin,  a  polypeptide  capable  of  integrating  itself 
within  the  membrane,  temperature  profiles  derived  from  Raman  spectroscopic 
data  indicate  the  existence  of  an  immobilized  lipid  annulus  surrounding  the 
polypeptide.   In  particular,  temperature  profiles  derived  from  C-H,  C-D  and 
C-C  stretching  mode  parameters  for  25:1,  14:1  and  10:1  lipid  to  protein  mole 
ratios  exhibit  two  order-disorder  transitions.   The  primary  (lower)  gel  to 
liquid  crystalline  phase  transition  is  depressed  upon  increasing  the  poly- 
peptide concentration.   The  concentration  independent  higher  temperature  tran- 
sition is  associated  with  a  fluidization  of  the  immobilized  boundary  lipids 
present  at  the  lipid-polypeptide  interface  within  the  bilayer.   Approximately 
5-7  lipids  are  estimated  to  be  involved  in  this  discrete  boundary  layer  around 
the  inserted  membrane  component.   In  addition,  the  bilayer  behavior  of  the 
intrinsic  hydrophobic  (residues  1-19)  and. extrinsic  hydrophilic  (residues 
20-26)  portions  of  melittin  are  separately  compared  to  the  properties  of  the 
intact  polypeptide.   Both  the  intrinsic  and  extrinsic  fragments  of  melittin 
immobilize  the  bilayer  lipids  contiguous  to  the  polypeptide.   The  sets  of 
temperature  profiles  based  upon  either  the  lateral  chain-chain  interactions  or 
acyl  chain  intramolecular  interactions  demonstrate  the  competing  effects  of  the 
hydrophobic  and  hydrophilic  fragments  on  bilayer  behavior.   (Levin,  Lavialle 
and  Mollay) 

2.  In  order  to  obtain  additional  molecular  probes  for  describing  membrane 
bilayer  behavior,  we  examined  the  2103  cm"-*-  methylene  CD2  stretching  mode  in 
phospholipids  containing  deuterated  chains.   The  sensitivity  of  the  bandwidth 
of  the  2103  cm~^  feature  toward  distinguishing  both  lateral  chain-chain  inter- 
actions and  intrachain  rotamer  formation  was  demonstrated.   In  particular,  the 
use  of  temperature  profiles  derived  from  Raman  data  was  assessed  for  three 
separate  linewidth  parameters,  Av]_/2,  AV3/4  and  Av21/25>  fo'^  pure  DMPC-dsi^  and 
DMPC-d 54  : polypeptide  assemblies.   For  the  DMPC-d5i+:melittin  liposomes  the 
temperature  profiles  provided  evidence  for  the  existence  of  a  class  of  immo- 
bilized deuterated  boundary  lipids  surrounding  the  polypeptide.   (Levin,  Bryant 
and  Lavialle) 
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3.  In  clarifying  Che  interactions  arising  between  anesthetics  and  membrane 
bilayers,  we  investigated  the  concentration  effect  of  the  general  anesthetic 
halothane  (CF3CHBrCl)  on  the  gel  to  liquid  crystalline  phase  transition  behavior 
of  DPPC  (1, 2-dipalmitoyl-sn-glycerol-3-phosphorylcholine)  liposomes  by  Raman 
spectroscopy.   Lipid  bilayer  perturbations  were  monitored  using  spectral  probes 
ccresponding  to  molecular  vibrations  in  structurally  distinct  regions  of  the 
phospholipid  molecule.   Temperature  profiles  constructed  from  intensity  changes 
in  the  CH  and  C-C  stretching  mode  regions  indicate  a  depression  of  the  phase 
transition  temperature  on  increasing  the  anesthetic  concentrations  up  to  halo- 
thane/DPPC  mole  ratios  of  1.5.   Above  this  point  the  temperature  curves  suggest 

a  saturation  phenomenon.   In  contrast,  the  width  of  the  phase  transition  exhibits 
no  obvious  dependence  on  halothane  concentration.   For  determining  anesthetic 
concentrations,  a  standard  curve  was  developed  relating  the  310  cm"-"-  (halothane)/ 
1090  cm~^  (gauche  bond  C-C  stretch)  peak  intensity  ratios  to  halothane/DPPC  mole 
ratios.   Evidence  is  presented  for  an  ordering  of  the  gel  state  lipid  lattice 
with  increasing  halothane  concentrations.   Data  concerning  the  location  of  halo- 
thane within  the  bilayor  and  its  effect  on  the  intermolecular  and  intramolecular 
acyl  chain  disorder  parameters  are  interpreted  in  terms  of  possible  anesthetic 
action.   (Bryant,  Craig  and  Levin) 

4.  Raman  spectroscopic  studies  of  melittin  (a  polypeptide  consisting  of  26 
amino  acid  residues)  in  phospholipid  bilayers  containing  both  normal  and  deuter- 
ated  hydrocarbon  chains  provided  evidence  for  a  preferential  boundary  lipid  about 
the  inserted  membrane  component.   Temperature  profiles  determined  from  Raman 
spectroscopic  parameters  for  bilayer  systems  containing  melittin  exhibit  2  order- 
disorder  processes.   These  transitions  are  associated  with  the  depression  of  the 
main  lipid  phase  transition  and  the  melting  behavior  of  the  immobilized  lipid 
surrounding  the  hydrophobic  segment  of  the  peptide,  respectively.   In  order  both 
to  confirm  and  to  characterize  further  the  properties  of  boundary  lipids,  the 
interactions  of  melittin  with  liposomes  composed  of  pure  DMPC-d5Lj  (1;2- 
dimyristoyl-sn-glycerol-3-phosphorylcholine-d54)  and  of  a  1:1  mole  ratio  mixture 
of  DMPC-dji^  :DMPC-do  were  investigated  by  Raman  spectroscopy.   For  the  isotop- 
ically  mixed  multilamellar  assembly  containing  melittin,  the  methylene  C-D 
stretching  mode  line-width  parameters  yield  2  order-disorder  transitions  at 

"^^12°  and  '\^27°C;  while  the  methylene  C-H  stretching  mode  intensity  parameters 
display  a  single  transition  at  ^^21°C.   Since  the  main  transition  for  a  1:1 
mixture  of  the  normal  and  isotopic  lipids  without  melittin  occurs  at  19°C,  these 
data  suggest  that  at  least  three  classes  of  bilayer  lipid  exist  in  the  melittin: 
DMPC-dg  :DMPC-d5i+  lipid-protein  system  and  that  DMPC-ds^  preferentially  forms  a 
boundary  interface  about  melittin.   (Lavialle,  Bryant  and  Levin) 

5.  X-ray  evidence  in  the  literature  suggests  that  dipalmitoyl  phosphatidyl- 
glycerol  (DPPG)  interdigitates  its  acyl  chains  in  the  gel  phase.   This  unusual 
bilayer  behavior  in  which  the  terminal  methyl  group  of  one  monolayer  perturbs 

the  interfacial  region  of  the  opposing  monolayer  was  confirmed  by  our  infrared 
spectroscopic  studies.   These  investigations  of  the  behavior  of  DPPC  under 
various  conditions,  including  the  effect  of  the  basic  myelin  protein  on  DPPG 
bilayer  behavior,  are  discussed  in  the  report  of  Dr.  R.  G.  Adams.   (Adams  and 
Levin) 
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6.  Determinations  of  protein  structures  within  a  membrane  are  extremely 
sparse.   We  applied  infrared  spectroscopy  toward  examining  melittin  and  its 
hydrophobic  and  hydrophilic  fragments  in  a  variety  of  systems  including 
multilamellar  assemblies.   Both  the  frequencies  and  relative  intensities  of 
the  amide  1  and  amide  II  band  structures  were  used  to  assess  intramembrane 
conformations .   For  example,  intact  melittin  exist-"^  as  an  a-helix  in  DMPC 
bilayers  in  both  the  gel  and  liquid  crystalline  states.   The  hydrophobic 
fragment  alone  also  exists  as  an  a-helix,  while  the  hydrophilic  fragment 
probably  binds  to  the  bilayer  headgroup  as  an  antiparallel  chain  pleated  sheet. 
(Lavialle,  Adams  and  Levin) 

7.  Complete  Raman  spectra  of  crystals  of  dipalmitoyl  phosphatidylcholine* 
2H2O  (DPPC'2H20),  glycerylphosphorylcholine  (GPC  and  dipalmitoyl  glycerol  were 
investigated  in  order  to  elucidate  the  behavior  of  the  headgroup  phosphate  moiety 
and  the  interfacial  carbonyl  groups.   Although  x-ray  determinations  suggest 
strong  hydrogen  bonding  to  the  P02~  group  in  DPPC*2H20,  the  Raman  spectra  indi- 
cate the  absence  of  strong  hydrogen  bonding.   Positions  in  the  lattice  of  the 
inequivalent  carbonyl  groups  in  DPPC'2H20  are  deduced  from  the  atypical  spectral 
patterns.   (Mushayakarara  and  Levin) 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

Raman  spectroscopy  offers  a  potentially  valuable  approach  toward  examining 
dynamical  properties  of  natural  and  model  membrane  bilayer  assemblies  since  no 
membrane  perturbing  agent  is  introduced  by  the  technique.   This  is  particularly 
important  (a)  for  investigating  conformational  changes  induced  in  bilayer  systems 
either  by  changes  in  temperature  or  by  addition  of  membrane  substituents  and 
(b)  for  specifically  clarifying  lipid-lipid  and  lipid-protein  interactions 
within  the  bilayer. 

Proposed  Course  of  Project 

1.  Further  characterization  of  the  properties  of  boundary  lipids  sur- 
rounding proteins  and  polypeptides  will  continue  using  deuterated  lipid  species 
as  markers.   In  particular,  the  effects  of  the  antibiotic  polymyxin  on  bilayer 
behavior  will  be  examined. 

2.  Studies  will  continue  on  (a)  differentiating  between  the  inner  and  outer 
monolayers  forming  the  membrane  unit  and  (b)  clarifying  the  conditions  leading  to 
lipid  and  to  protein  asymmetry  in  membranes. 

3.  Studies  on  the  effects  of  anesthetics  on  the  thermotropic  behavior 
of  model  membranes  will  continue.   Interest  will  be  particularly  focused  on 
the  ability  of  halothane  (CH3CHBrCl)  to  alter  the  size  of  the  cooperative  unit 
of  bilayer  lipids  undergoing  order-disorder  phase  transitions.   The  antagonistic 
effect  of  high  pressures  on  phase  transitions  characteristics  will  be  examined. 

4.  The  bilayer  to  nonbilayer  (hexagonal  II)  phase  transitions  of  phos- 
phatidylethanolamines  and  cardiolipin  will  be  characterized  by  Raman  spectroscopy. 
These  systems  will  be  specifically  examined  with  a  high  grade  Raman  spectrograph 
coupled  to  a  multianode  multichannel  array  detector  system. 
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In  cooperation  with  Dr.  Cook  and  his  associates,  our  general  synthesis  of 
polycyclic  ring  systems  composed  of  five-membered  rings  has  been  extended  to 
novel  systems  of  this  kind;  it  is  being  applied  to  the  synthesis  of  naturally- 
occurring  substances . 

In  cooperative  work  with  Drs.  Bhatnagar  and  Singh,  treatment  of  morphine 
in  aqueous  HCl  with  potassium  iodate  has  been  found  to  yield  a  new  monochloro- 
morphine ;  it  is  very  probably  1-chloromorphine,   If  so,  the  position  of  the 
chlorine  is  unusual. 

The  antibiotics  chrysomycin  A  and  B^  have  UV  and  visible  spectra  identical 
with  those  of  compounds  2064A  and  B  being  studied  at  FCRC,  which  in  turn  are 
identical  with  the  antitumor  antibiotics"  gilvocarcin  V  (or  toromycin)  and 
gilvocarcin  M,  whose  structures  have  been  established  in  Japan  quite  recently. 
However,  the  chrysomycins  differ  from  those  antibiotics  in  chromatographic 
behavior;  they  contain  one  additional  methyl  group  in  a  non-chromophoric 
C-glycoside  side-chain.   The  chrysomycins  are  active  in  a  screening  test 
responding  to  agents  capable  of  interaction  with  DNA,  and  act  apparently  by 


inhibition  of  DNA  synthesis. 
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Major  Findings 

1.  The  cooperative  work  wich  Prof.  J.  M.  Cook,  and  his  associates  on  a 
general  method  for  synthesizing  polycyclic  ring  systems  made  up  from  cyclo- 
pentane  rings  has  yielded  a  novel  tetracyclic  system  of  this  type;  work  towards 
a  hexacyclic  system  is  under  way.   The  synthesis  of  modhephene,  a  sesquiterpene 
of  unique  structure  derived  from  [ 3. 3. 3]propellane  and  widely  distributed  in 
plants  of  the  family  Compositae,  is  three  steps  short  of  completion. 

This  research  is  to  be  continued,  the  present  plans  calling  for  preparation 
of  additional  compounds  of  this  relatively  neglected  class,  study  of  their  con- 
formation and  chemical  reactivity,  and  synthesis  of  cognate  naturally-occurring 
substances. 

2.  Titration  with  iodic  acid  or  potassium  iodate  has  long  been  used  for 
the  quantitative  assay  of  morphine,  but  the  underlying  chemistry  has  apparently 
never  been  studied.   Work  by  Drs .  Bhatnagar  and  Singh  has  now  shown  that  a  new 
derivative  of  morphine  can,  under  certain  conditions,  be  obtained  on  treatment 
of  morphine  in  aqueous  hydrochloric  acid  with  potassium  iodate.   In  cooperation 
with  the  Indian  colleagues  it  has  been  established  that  the  new  compound  is  a 
monochloromorphine  carrying  the  chlorine  on  the  aromatic  ring,  very  probably 

in  position  1.   Chlorination  of  an  aromatic  ring  under  such  condition  seems 
uncommon.   Work  to  establish  the  position  of  the  chlorine  unequivocally  is 
under  way.   If  it  should  really  be  present  in  position  1,  it  would  have  been 
introduced  meta  to  the  free  phenolic  hydroxyl,  even  though  position  2,  ortho 
to  it,  is  free.   Such  a  substitution,  meta  to  the  OH,  would  be  a  violation  of 
the  well-established,  long-known  rules  for  aromatic  electrophilic  substitution, 
which  require  attachment  ortho  or  para  to  the  free  hydroxyl.   There  is,  however, 
a  well-established  precedent  in  the  bromination  of  free  morphine,  which  does 
indeed  take  place  in  position  1.   The  causes  of  these  anomalies  are  under  inves- 
tigation. 

3.  Work  on  the  antibiotics  chrysomycin  A  and  B  (see  report  for  1974/75) 
has  been  resumed,  since  a  group  at  the  Frederick  Cancer  Research  Center  has 
isolated  two  antibiotics,  provisionally  named  2U64A  and  B,  whose  absorption 
spectra  in  the  UV  and  visible  regions  are  identical  with  those  of  chrysomycin 
A  and  B,  respectively.   However,  the  two  pairs  of  compounds  show  differences 
on  high-pressure  liquid  chromatography. 

All  four  compounds  give  strongly  positive  results  in  a  screening  test  for 
compounds  acting  upon  nucleic  acids,  which  uses  genetically  modified  bacteria; 
furthermore,  they  inhibit  DNA  formation,  apparently  by  intercalation  between  base 
pairs.   The  2064  compounds  also  significantly  increase  the  survival  time  of 
leukemic  mice;  similar  tests  with  chrysomycin  A  are  under  way. 

The  2064  compounds  have  been  shown  to  be  identical  with  the  antitumor 
antibiotics  gilvocarcin  V  or  toromycin,  and  gilvocarcin  M,  respectively,  which 
were  recently  discovered  and  structurally  elucidated  in  Japan.   The  identity  of 
the  electronic  spectra  of  chrysomycins  A  and  B  with  those  of  2064A  and  B  proves 
that  the  chromophoric  parts  of  the  A  and  B  compounds,  respectively,  are  identical. 
This  moiety  in  the  A-pair  is  now  known  from  the  Japanese  work  to  be  the  lactone 
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of  4,8-dihydroxy-l-methoxy-3-[ 2' -carboxy-6 ' -me thoxy- 4 '-vinylphenyl] naphthalene, 
while  that  of  the  B-pair  is  the  corresponding  4 '-methyl  structure.  In  the  2064 
(gilvocarcin)  compounds,  position  5  of  the  naphthalene  ring  carries  a  C-pentose 
residue,  which  is  replaced  by  a  3,5-dimethyl  pentose  in  the  chrysomycins . 

Work  on  elucidation  of  the  detailed  structure  and  stereochemistry  of  the  C- 
glycosidic  moiety  of  the  chrysomycins  is  in  progress,  in  cooperation  with  the 
FCRC  group  and  with  Dr.  Highet.   Further  biological  tests  are  planned,  as  far  as 
the  limited  available  amount  of  the  chrysomycins  permit.   No  additional  supplies 
can  be  obtained,  since  the  remaining  viable  cultures  of  the  original  streptomycete 
source  have  lost  the  ability  to  produce  these  antibiotics.   However,  the  struc- 
ture of  the  chrysomycins  is  not  so  complicated  that  it  would  preclude  hope  for 
a  feasible  total  synthesis,  if  results  of  further  tests  should  indicate  that  the 
effort  is  justified. 

Publications 


Gawish,  A.,  Mitschka,  R. ,  Cook,  James  M.  and  Weiss,  U. :   General  approach 
for  the  synthesis  of  polyquinanes:   stereospecif ic,  regiospecif ic  entry 
into  the  tetracyclo[6.6  .0  .O-*-' -'.O"'-'-'^]  tetradecane  system.   Tetrahedron 
Letters  22^:  211-214  (1981). 

Mitschka,  R. ,  Oehldrich,  J.,  Takahashi,  K. ,  Cook,  J.  M. ,  Weiss,  U.  and 
Silverton,  J.  V.:   General  approach  for  the  synthesis  of  polyquinanes. 
Facile  generation  of  molecular  complexity  via  reaction  of  1,2-dicarbonyl 
compounds  with  dimethyl  3-ketoglutarate.    Tetrahedron,  in  press. 


519 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 

HEALTH  AND  HUMAN  SERVICES 

PUBLIC  HEALTH  SERVICE 

NOTICE  OF 

INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


Z01-AM-29005-0  7-LCP 


PERIOD   COVERED 
October   1,    1980   through  September   30,    1981 


TITLE  OF   PROJECT   (80  characters  or  less) 
Asymmetric   synthesis:    structure,    stereochemistry   and  NMR 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI 


Herman  Ziffer 


Research  Chemist 


OTHER:   Cleanthis-Demetre  Froussios   Visiting  Fellow 
Thomas  S.  Cantrell  Guest  Worker 


A  LCP 


A   LCP 
A  LCP 


COOPERATING   UNITS    (if   a-y) 


lab/branch 

Laboratory  of   Chemical  Physics 


SECTION 
Section  on  Molecular   Biophysics 


l.'iSTITUTE  AND  LOCATION 

NIADDK,  NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 

1.75  . 


PROFESSIONAL: 

1.75 


CHECK  APPROPRIATE  BOX(ES) 
C  (a)   HUMAN  SUBJECTS 

n  (al)  MINORS   □  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


(c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  testing  a  model  that  predicts  the  configuration  of  alcohols  produced  in 
the  enantios elective  hydrolyses  of  racemic  acetates  by  Rhizopus  nigricans,  we 
found  that  the  relative  sizes  of  substituents  deduced  from  these  hydrolyses  are 
in  agreement  with  those  based  on  other  asymmetric  syntheses,  with  the  exception 
of  the  t-butyl  group.  The  "effective  sizes"  of  cis-substituents  on  the  stereo- 
chemical course  of  the  hydrolyses  of  cyclic  acetates  have  been  determined  to  be 
similar  to  those  of  trans-substituents . 

The  compounds  prepared  by  microbially  mediated  reductions  and  hydrolyses 
have  been  used  to  test  the  suggestion  that  the  elution  order  of  enantiomers  on 
a  chiral  HPLC  column  can  be  used  to  assign  their  absolute  stereochemistry.   The 
results  to  date  show  that  retention  volumes  and  configurations  generally  cor- 
relate well.   There  are,  however,  a  few  exceptions  which  are  the  subject  of 
further  study. 

Photochemical  isomerization  of  2-phenylindene  oxide  has  been  shown  to 
yield  3-phenylisochromene.   No  products  from  phenyl  migration  were  detected. 
Photochemically  induced  isomerization  of  1,2-dihydronaphthalene  oxide  yielded 

S-tetralone. 
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Project  Description 

The  purpose  of  this  study  is  to  develop  methodologies  that  enable  one  to 
synthesize  chiral  compounds  and  to  make  a  tentative  assignment  of  their  absolute 
stereochemistry.   In  earlier  work  we  have  shown  that  the  microbial  reduction  of 
a  number  of  aromatic  ketones  yield  chiral  alcohols  with  predictable  configurations, 
While  the  microbial  reduction  of  a  variety  of  aromatic  ketones  yielded  alcohols 
in  satisfactory  yields,  some  classes  of  ketones  were  not  reduced  by  these  micro- 
organisms.  In  order  to  overcome  this  difficulty  and  the  potential  value  of  a 
truly  catalytic  method  for  the  preparation  of  chiral  alcohols  have  prompted  us 
to  examine  microbially  mediated  hydrolyses. 

The  chiral  alcohols  produced  by  these  two  microbial  methods  are  important 
in  pharmacology  and  molecular  biology,  where  chiral  compounds  are  needed  in 
research  on  receptor  sites,  and  in  determinations  of  the  absolute  stereo- 
chemistries of  metabolites,  pheromones  and  a  variety  of  other  biologically 
important  molecules. 

We  had  previously  proposed  a  model  to  predict  the  configurations  of  alco- 
hols formed  by  enantioselective  hydrolyses  of  the  corresponding  acetates  by 
Rhizopus  nigricans .   In  order  to  test  the  model,  which  predicts  the  configuration 
about  the  carbinol  carbon  from  considerations  of  the  "effective  sizes"  of  sub- 
stituents  we  have  compared  the  sizes  deduced  from  these  hydrolyses  with  those 
determined  from  an  asymmetric  acylation  (Horeau's  method)  and  an  asymmetric 
reduction.   The  results  showed  excellent  agreement,  with  only  one  exception,  a 
t-butyl  group.   This  group  was  found  to  be  larger  than  a  phenyl  ring  in  these 
enantioselective  hydrolyses,  while  it  was  the  smaller  substituent  in  the  other 
asymmetric  reactions. 

The  effect  of  aromatic  substituents  other  than  a  phenyl  group,  e.g.  1-  and 
2-  naphthyl,  several  isomeric  phenanthryl  and  heterocyclic  substituents  (pyridyl-, 
thienyl,  furanyl-,  etc.)  have  been  examined.    In  many  cases,  R,  nigricans 
produces  optically  active  alcohols;  where  the  absolute  configuration  of  the 
resulting  alcohol  is  known  it  was  found  to  be  the  (R)-enantiomer.   In  some  cases 
no  hydrolysis  was  observed. 

The  configurations  of  3-benzocycloheptenol  and  3-benzoocycloctenol  were 
tentatively  assigned  from  their  method  of  preparation  (microbial  reduction  of 
the  corresponding  ketones  and  microbial  hydrolysis  of  the  corresponding  acetate) . 
While  the  conf igurational  assignments  based  on  the  microbial  methods  agree,  an 
assignment  based  on  relative  retention  volumes  on  a  chiral  HPLC  column  yielded 
the  opposite  assignment  for  both  compounds.   The  use  of  such  chiral  columns  is 
currently  under  study  (see  below)  and  we  are  particularly  interested  in  those 
situations  where  the  two  approaches  yield  incompatible  results.   Samples  of  the 
compounds  mentioned  above  have  been  sent  to  Prof.  C.  Brooks  (in  the  U.K.),  who 
will  subject  these  compounds  to  a  micro  Horeau  procedure.   Synthesis  of  the 
ozonolysis  products  of  the  protected  alcohols  is  planned  in  order  to  obtain  an 
unequivocal  conf igurational  assignment. 

In  earlier  studies  we  have  examined  the  "effective  sizes"  of  trans- 
substituents  in  two  series  of  cyclic  (1-indanyl  and  1-tetralyl)  acetates.   We 
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are  now  examining  the  relative  sizes  of  cis-substituents  in  these  two  series. 
Our  results  to  date  show  that  where  the  carbinol  carbon  is  flanked  by  a  cis- 
substituent  and  an  "effectively  large  substituent"  little  hydrolysis  occurs. 
Furthermore,  the  products  of  such  hydrolyses  are  not  significantly  enriched  in 
one  enantiomer.   In  those  cases  where  the  second  substituent  is  an  "effectively 
smaller  substituent,"  i.e.,  a  methylene  group,  enantioselective  hydrolysis  occurs 
and  the  cis-substituted  group  behaves  as  the  "effectively  larger"  substituent. 

A  study  of  the  effect  of  remote  (i.e.  not  adjacent)  substituents  is  in 
progress.   In  the  process  of  preparing  the  required  starting  esters  we  are 
synthesizing  a  number  of  isomeric  alcohols  whose  relative  and  absolute  stereo- 
chemistry had  not  been  previously  established.   The  conf igurational  assignments 
will  be  made  by  comparisons  with  compounds  of  established  configuration. 

The  optically  active  cyclic  and  acyclic  aryl  carbinols  prepared  by  the  above 
mentioned  procedures  have  been  used  to  test  a  suggestion  by  Prof.  Pirkle  and  his 
associates  that  the  elution  order  of  these  compounds  from  a  chiral  HPLC  column 
can  be  used  to  assign  their  configuration.   Our  results  show  that  the  elution 
order  and  configuration  of  acyclic  aryl  alkylcarbinols  correlate  very  well,  i.e. 

the  enantiomer  with  a  A   _     ^_  _  1i       configuration  is  preferentially 

retained  on  the  chiral  phase  formed  from  the  N  3 , 5-dini trobenzoyl  derivative  of 
D-phenylglycine  ionically  bound  to  NH2-CH2-CH2-CH2Si-0-silica.   Cyclic  arylalkyl- 
carbinols  are  not  always  resolved  on  these  columns;  however,  when  resolved, the 

/^^r^*wA   or    f''^^|^^  enantiomer  is  preferentially  retained.   The  con- 

figurations  o  f  (('""Sr^^'^       and  jX'Vy<''"~~>,   (tentatively  deduced  from  their 


'^*Nr^*wA   or    f^'^r^r^^  enantiomer  is 

V^^N^^^       and  y'^^/^^     (tentativel\ 


retention  volumes)  do  not  agree  with  those  expected  from  their  method  of  prepar- 
ation (see  above) . 

We  have  also  begun  a  study  of  photochemically  induced  isomerizations  of  a 
number  of  aryl  oxiranes.   Griffen  et  al.  had  previously  shown  that  irradiation 
of  indene  oxide  yielded  isochromene  and  2-indanone.   In  an  effort  to  determine 
the  importance  of  ring  size  and  the  effect  of  substituents  on  the  course  of  these 
isomerizations,  we  have  prepared  a  number  of  aryl  oxiranes  of  different  ring 
sizes  and  bearing  substituents  at  C-1  and  C-2  of  the  oxirane  ring.   Irradiation 
of  derivatives  where  the  oxirane  is  not  fused  to  a  f ive-membered  ring  does  not 
yield  ring-expanded  products  analogous  to  the  isochromene  system.   Instead,  the 
compounds  undergo  extensive  polymerization  and  some  rearrangement  to  the  cor- 
responding 2-keto  derivative.   2-Phenylindene  oxide  readily  isomerizes  to  3- 
phenylisochromene  with  no  evidence  of  products  derived  from  phenyl  migration. 
Initial  electron  spin  resonance  studies  (in  collaboration  with  Dr.  I.  Rosenthal 
at  NCI)  suggest  the  presence  of  radical  intermediates.   Work  is  now  in  progress 
to  trap  these  intermediates  in  an  effort  to  characterize  them.   These  studies 
are  intended  to  provide  information  on  the  relative  contributions  of  steric  and 
electronic  factors  in  the  competing  photochemically  induced  rearrangements. 
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Proposed  Course  of  Project 

We  have  planned  to  synthesize  optically  active  samples  of  2-acetoxyheptane- 
dioic  and  2-acetoxyoctanedioic  acids  of  known  configuration  in  order  to  complete 
the  conf igurational  assignments  of  the  alcohols  3-benzocycloheptenol  and  3- 
benzocyclooctenol  obtained  from  enantioselective  hydrolyses. 

We  propose  to  test  the  effects  of  strongly  electronegative  substituents 
(e.g.  -CF3  or  -CO2R)  on  the  stereochemical  course  of  these  hydrolyses. 

We  plan  to  prepare,  via  a  stereoselective  synthesis,  cis-  and  trans-  1- 
hydroxy-4-methyl-l,2, 3,4-tetrahydronaphthalene  and  2-hydroxy-4-methyl-l, 2,3,4- 
tetrahydronaphthalene  in  order  to  examine  the  effect  of  remote  (not  adjacent) 
substituents  on  the  course  of  these  hydrolyses. 

The  esterase  present  in  R.  nigricans  has  proved  to  be  remarkably  specific 
in  producing  chiral  alcohols  and  when  possible  we  will  try  to  purify  the  enzyme 
and  to  attempt  to  attach  it  to  a  solid  support.   In  theory,  it  should  then  be 
possible  to  resolve  esters  as  easily  as  one  can  currently  separate  mixtures  of 
esters  and  alcohols. 

Publications 

Kawai,  K.,  Imuta,  M.  and  Ziffer,  H. :   Microbially  mediated  enantioselective 
hydrolysis  of  racemic  acetates.   Tetrahedron  Letters.   In  press. 

REPORTED  IN  PRESS  -  1980 

Imuta,  M.,  Kawai,  K.  and  Ziffer,  H. :   Product  stereospecif icity  in  the 
microbial  reduction  of  a-haloaryl  ketones.   J.  Org.  Chem,  45_:  3352-3355, 
1980. 


523 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 

HEALTH  AND  HUMAM  SERVICES 

PUBLIC  HEALTH  SERVICE 

NOTICE  OF 

INTRAHURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 
ZOl-AM-29006-ll-LCP 


PERIOD  COVERED 
October   1.    1980   to   September   30,    1981 


TITLE  OF  PROJECT  (BO  characters  or  less) 

The  relationship  between  the  nuclear  and  electronic  configuration  of 
molecules  and  their  spectroscopic  and  dynamic  properties. 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:   Elliot  Charney 

OTHER:   Donald  C.  Rau 
Shousun  Szu 


Research  Chemist 

Senior  Staff  Fellow 
Senior  Staff  Fellow 


A:LCP 


A:LCP 
A:LCP 


COOPERATING  UNITS  (if 

Holly-Ho  Chen 
Robert  Simpson 


Guest  Worker,  University  of  Virginia 
A:LNE 


LAB/BRAf;CH 

Laboratory  of  Chemical  Physics 


SECTION 
Spectroscopy  and  Structure 


INSTITUTE  AND  LOCATION 

NIAMDD.  NIH.  Bethesda,  Maryland   20205 


TOTAL  MANYEARS: 


PROFESSIONAL! 


CHECK  APPROPRIATE  BOX(£S) 
n  (a)   HUMAN  SUBJECTS 

n  (al)  MINORS   n  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


(c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A.   Macromolcular  structure,  dynamics  and  polyelectrolyte  properties  of  large 
biological  polymers,  in  particular,  polynucleotides  and  nucleic  acids  are  being 
studie  by  electric-field  induced  dichroism  and  birefringence  methods. 
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Objectives 

I.  Macromolecular  Structure  and  Dynamics 

The  orientation  of  large  polymeric  molecules  in  pulsed 
electric  fields  and  their  disorientation  when  the  field  is  turned 
off  can  be  studied  using  monochromatic  polarized  light.  These 
experiments  are  designed  to  obtain  either  the  molecular 
conformation  or  structure  in  solution  (from  th'e  dichroism,  which 
is  the  difference  between  the  changes  in  extinction  of  the  light 
polarized  parallel  and  perpendicular  to  the  electric  field  when 
the  molecules  are  oriented  in  the  field)  or  the  dynamics  of 
intramolecular  reorganization  and  of  rotational  disorientation 
(from  the  decay  of  the  dichroism  at  the  end  of  the  field  pulse) . 
Both  these  properties  are  significantly  affected  by  the  presence 
or  absence  of  free  charges  on  the  polymer. 

We  have  demonstrated  over  the  past  three  years  that  the  ionic 
environment  of  the  biological  poly-electrolytes,  DNA  and  the 
synthetic  polynucleotides  poly(A),  and  poly(C),  has  profound 
effects  on  their  orientation  in  electric  fields  and  that  at  least 
two  factors  in  this  environment,  the  ionic  strength  of  the 
counterions  and  the  pH,  produce  effects  explicable  in  terms  of 
rapidly  developing  polyelectrolyte  theory.  We  have  now  turned 
our  attention  to  other  environmental  factors  and  to  additional 
quantitative  examination  of  these  effects.  The  object  is  to  use 
this  information  both  to  obtain  structural  information  and  to 
analyze  the  mechanism  of  the  electric  field  orientation. 

II.   Experimental  Research 

(1)  Because  the  results  of  the  electric  field  orientation 
experiments  had  shown  that  the  orientation  of  linear  polyions  in 
electric  field  results  principally  from  the  polarization  of 
"condensed"  ions  is  analytically  adequate  explain  the  fact  that 
the  orientation  is  unaffected  by  a  change  of  counterion  charge 
from  +1  to  +2  if  counterions  of  only  one  charge  type  is  present 
in  solutions,  but  that  the  ionic  strength  dependency  is 
inadequately  explained  by  the  same  treatment,  experiments  have 
been  designed  to  detect  whether  there  are  other  components  of  the 
polarization.  Last  year,  in  a  preliminary  theoretical  analysis 
we  had  already  found  that  there  should  be  such  a  component 
arising  from  the  polarization  of  the  non-condensed  ions,  i.e.  the 
diffuse  ion-atmosphere.  Three  experiemental  approaches  were 
designed.  Two  of  these  have  now  been  completed  and  preliminary 
results  obtained  with  the  third.  a)  Both  polarization  components 
are  predicted  to  be  essentially  independent  of  the  formal  charge 
density  of  the  polyion,  but  one  component  is  expected  to  be 
almost   independent   of   ionic   strength   and   the   other   highly 
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dependent  on  ionic  strenth.  The  species  poly ( rA) .poly( rU  and 
poly(rA)  .2poly (rU)differ  in  formal  charge  density  by  the  ratio 
1:1. 4-  Electric  Dichroism  results  demonstrated  unequivocally 
that  their  orientation  was  almost  independent  of  this  difference 
and  the  data  showed  clearly  that  there  was  both  an  ionic  strength 
independent  and  an  ionic  strength  dependent  component  of  the 
polarization.   A  report  of  this  work  is  in  press. 

b)  Another  experimental   investigation   of   the   same   phenomenon 
which  gives   a  quantitative  description  of  the  two  polarization 
components  has  been  completed.   In  these  experiments  the   polyion 
charge  density  is  kept  constant  (or   varied  at  will)  by 
adjusting  the  Mg   ion   concentration  which  binds 
much  more   strongly  than  Na   ion  to  the  DNA,  and  then  varying 
the  ionic  strength  of   the   solution  with   Na   ion   (as   the 
chloride) .    In   this   way   it  has  been  possible  to  show  not  only 
that  the  theoretical  treatment  was  essentially   correct,   but   to 
illuminate   the   still   small  remaining  discrepancies  between  the 
observations  and  the  theory. 

c).  The  effects  of  coion  charge  have  been  determined  to  be 
qualitatively  as  expected  but  as  this  has  not  yet  been 
incorporated  into  theory  we  do  not  know  how  closely  we  can 
analyze  and  predict  these  results. 

(2)  Experiments  are  underway  to  determine  from  electric 
dichroism  and  birefrigence  relaxation  whether  significant 
tertiary  structural  differences  exist  between  the  binary  helical 
complexes  poly(dAT) .poly (dAT)  and  poly (dA) .poly(dT) .  Nucleosonal 
fragments  of  146  base  pair  lengths  of  each  of  these  species  are 
being  provided  by  Dr.  Robert  Simpson  of  the  Laboratory  of 
Nutrition  and  Endocrinology  The  significance  of  the  investigation 
resides  in  the  role  which  the  d(TATA)  sequence  may  play  in  the 
folding  and  replication  of  DNA  in  nucleosoraes,  and  in  the 
tendency  of  DNA  to  form  a  tertiary  supercoiled  structure. 

(3)  Electric  Dichroism  of  condensed  nucleosomal  filaments  of 
sea  urchin  sperm  DNA  show  that  the  tertiary  structure  of  the  DNA 
in  the  chromatin  from  this  species  must  be  very  close  if  not 
identical  to  that  of  the  DNA  in  chicken  erythocyte  chromatin 
despite  rather  substantial  differences  in  the  nature  of  the  basic 
histones  of  the  nucleosome. 

III.   Theoretical  Research 

The  theory  of  ion-atmosphere  polarization  referred  to  above 
has  now  been  completed  for  the  low  field  case  using  the 
Debye-Huckel  approximation,   and   as    indicated,    successfully 
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applied  to  experimental  results  on  the  orientation  of  the 
polyelectrolytes  DNA,  and  poly(rA)-poly(rU)  complexes. 

An  extension  of  the  theory  to  high  fields  has  now  been  made. 
The  approximations  in  this  case  may  he  somewhat  severe, 
Nevertheless,  qualitatively  the  theory  appears  to  fit 
experimented  results  Additional  work  on  this  is  underway  (see 
proposed  course  of  the  project) 

In  a  separate  theoretical  development,  arising  however  from 
considerations  of  the  sources  of  induced  dipole  moment,  we  have 
shown  that  a  very  strong  correlation  exists  between 
polarizabilities  and  the  linear  charge  densities  of  several 
series  of  uncharged  atoms  and  molecules.  Theoretically  this  is 
shown  to  require  that  an  inverse  relation  exists  between 
molecular  dinensions  and  the  electron  displacement  in  an  electric 
field,  posing  a  previously  ignored  question  in  the  quantum 
mechanics  of  atoms  and  small  molecules. 

Proposed  Course  of  the  Project 

In  particular,  we  are  nov;-  considering  the  question  of  the 
time  lag  in  the  ion-atmosphere  polarization  when  the  direction  of 
the  electric  field  is  reversed.  This  is  particularly  important 
(both  at  low  and  high  fields)  if  the  orientational  relaxation  in 
the  electric-field  experiments  are  to  be  used  in  the  analysis  of 
the  hydrodynamic  properties  and  flexibility  of  these 
polyelectrolytes. 

Experimentally,  exploratory  work  has  begun  on  the  electric 
birefringence  of  polysaccharides  from  pneumococcal  bacteria. 
Although  these  experiments  are  designed  to  obtain  conformation 
information  on  these  particular  moieties,  they  are  part  of  a 
design  to  use  polysaccharides  to  examine  the  physical  properties 
of  polyions  whose  charge  density  is  lower  than  that  of  DNA,  in 
particular  in  the  region  where  the  theories  of  charge 
condensation  predict  a  sharp  change  in  the  degree  of  charge 
compensation. 

Publications : 

Charney,  E.  Wavelength  Dependent  Aspects  of  Electric 
Birefringence  and  Dichroism  In  Molecular  Electro-Optics; 
Electro-Optic  Properties  of  Macromolecules  and  Collords  In 
Solution,  Ed.  Sonja  Krause,  Plenum  Press,  New  York  and  London, 
1981  ,  pages  213-227. 

Balasubramaniam,  D.  and  Charney,  E.  The  Effect  of  the  Charge 
Density  of  Linear  Polyelectrolytes  on  their  Orientation  in  an 
Electric  Field:  A  Study  of  poly( rA) .poly(rU)  and  poly(rA).2 
poly(rU).   In  press:   J.  Phys.   Chem. 
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Rau,  E.G.  and  Charney  E.  Polarization  of  the  Ion  Atmosphere  of  a 
Charged  Cylinder.   In  press:   Biophysical  Chera. 
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Major  findings  zoi  am  29007-10  lcp 

1.  Spin  label  study  of  red  cell  deformability  in  a  stready  flow: 
We  incorporate  long-chain  fatty  acid  spin  labels  into  the  lipid 
bilayer  part  of  the  red  cell  membrane,  where  the  labels  orient 
themselves  with  their  magnetic  axes  approximately  perpendicular 
to  the  cell  surface.  In  the  still  state,  the  cells  in  the 
suspension,  and  therefore  the  labels  are  equally  distributed  in 
spatial  orientation,  while  under  a  shear  flow,  the  cells 
partially  orient  parallel  to  the  flow  channel  wall,  thereby 
making  the  label  orientation  no  longer  completely  random.  This 
causes  the  change  in  ESR  spectrum  of  a  cell  suspension  in  a  shear 
flow. 

We  have  found  that  the  characteristics  of  the  spectral  difference 
vs.  shear  stress  curve  show  excellent  parallel  correlations  with 
red  cell  deformation  vs  shear  stress  curves  which  were  obtained 
by  the  capillary  aspiration  or  the  rheoscope  method  in  which 
deformation  of  individual  cells  was  directly  observed. 

We  have  done  these  experiments  by  using  red  cells,  the 
deformability  of  which  have  been  modified  to  various  degrees  by 
chemically  cross-linking  the  membrane  proteins  or  by  denaturing 
the  proteins  by  heat-treatments,  without  causing  a  change  in  the 
cell  morphology.  Thus  we  have  proven  that  in  a  shear  flow  the 
cells  orient  themselves  to  the  extent  that  they  are  deformed,  and 
the  spectral  difference  we  observe  represents  the  degree  of 
deformation  if  properly  analysed,  the  spectral  difference  vs 
shear  stress  characteristics  in  a  steady  shear  flow  would  give 
information  on  an  important  material  property,  modulus  of 
elasticity — of  erythrocytes. 

2.  Time  dependent  decay  of  the  spectral  difference:  The  spectral 
difference  discussed  above  decays  by  a  characteric  time  course 
when  the  flow  is  abruptly  interrupted.  ¥e  found  that  this 
process  sensitively  reflects  the  cell  deformability,  and  the 
decay  is  faster  in  the  less  deformable  cells  in  all  cases.  This 
trend  is  in  contradistinction  to  the  claim  made  by  other  workers 
that  the  spectral  difference  decays  slower  in  less  deformable 
cells  and  vice  versa.  Their  conclusion  was  based  upon  the 
f ilterability  data  in  which  it  is  difficult  to  delineate  the 
physical  factors  governing  the  process. 

We  concluded  from  our  results  that  the  decay  represents  the 
deformation  recovery  process,  and  it  is  not  due  to  the 
spontaneous  rotational  diffusion.  The  latter  process,  in 
general,  is  determined  by  modulus  of  elasticity  as  well  as 
viscous  dissipation  of  the  energy  stored  by  elastic  deformation. 
Thus  one  can,  in  principle,  obtain  information  on  these  material 
properties  by  analysing  both  the  steady  state  and  the  temporal 
characteristics  of  the  ESR  spectral  difference. 
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In  the  experimental  area,  the  effect  of  various  drugs  on  the 
viscoelastic  properties  of  red  cells  will  be  investigated  using 
the  present  technique.  The  effort  will  be  continued  to  construct 
a  special  type  of  ESR  cavity  for  the  purpose  of  generating  a 
uniform  shear  stress  field  in  the  red  cell  suspension.  This 
would  simplify  the  theoretical  analysis  of  the  results,  and 
reduce  the  amount  of  blood  specimen  drastically. 

Proposed  Course  of  Project: 

In  the  experimental  area,  the  effect  of  various  drugs  on  the 
viscoelastic  properties  of  red  cells  will  be  investigated  using 
the  present  technique.  The  effort  will  be  continued  to  construct 
a  special  type  of  ESR  cavity  for  the  purpose  of  generating  a 
uniform  shear  stress  field  in  the  red  cell  suspension.  This 
would  simplify  the  theoretical  analysis  of  the  results,  and 
reduce  the  amount  of  blood  specimen  drastically. 

Publications : 

Noji,  S.,  Inoue,  P.  and  Kon,  H. :  Spin  label  study  of  erythrocyte 
deformability  I.  Electron  spin  resonance  spectral  change  under 
shear  flow.   Blood  Cells  (1981)  in  press. 

Kon,  H. ,  Chikira,  M.,  and  Smith,  K.M.:  Evidence  for  dimer 
formation  of  (meso-nitro-octa-ethylporphyr in)-nitrosyliron  (ll) 
and  its  implication  in  the  interpretation  of  the  electron  spin 
resonance  spectrum  of  the  nitrosyl-haemoglobin-salicylate  system. 
J.  Chem.   Soc.  Dalton  Trans.   (1981)  in  press 

Weinbach,  E.G.,  Claggett,  C.E.,  Keister,  D.B.,  Diamond,  I.S.,  and 
Kon,  H. :  Respiratory  metabolism  of  Giardia  lanblia.  J. 
Parasital.   66:  347-350  (1980). 
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1.   The  electron  impact  spectra  of  norbornadiene,  1,4-cyclohexadiene 

were  measured  and  interpreted.   The  published  theoretical  model  of  through  space 

and  through  bond  interactions  was  demonstrated  to  be  correct. 


2.  A  new  analysis  of  the  electronic  structure  of  MF^  molecules,  based  on  pub- 
lished optical  and  photoelectron  spectra  and  theoretical  calculations,  was  pro- 
posed . 

3.  The  resonant  multiphoton  ionization  spectra  of  static  and  expansion  cooled 
samples  of  butadiene,  1,4-cyclohexadiene  and  toluene  were  observed.   The  spectrui^ 
of  butadiene  was  negligibly  sharpened  by  cooling.   The  spectrum  of  1,4-cyclo- 
hexadiene confirmed  the  assignment  based  on  the  electron  impact  investigation. 
The  analysis  of  the  spectrum  of  toluene  is  still  underway. 
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Project  Description:  ZOl  AM  29008-10  LCP 

The  goals  of  this  research  are:   (1)  To  locate  and  identify  the 
electronic  excited  states  of  simple  (prototype)  polyatomic  molecules  both  to 
identify  the  energetic  pathways  available  to  the  molecule  and  to  assess  the  ac- 
curacy of  the  various  theoretical  techniques  and  numerical  calculations  currently 
employed  to  describe  molecules.   (2)   To  investigate  the  relation  between  elect- 
ronic structure  (orbital  occupancy)  and  molecular  structure.   (3)   To  study  the 
energy  dissipative  means  available  to  electrically  excited  molecules.   (4)   To 
develop  and  employ  new  techniques  for  studying  the  excited  states  of  polyatomic 
molecules.   This  project  is  motivated  by  the  overall  philosophy  that  it  is  nec- 
essary to  understand  the  energetics  of  the  excited  states  of  small  molecules  be- 
fore it  is  possible  to  explain  those  of  larger  molecules  of  biological  interest 
include,  for  example,  vision,  energy  dissipation  of  uv  or  radiative  excitation, 
and  bond  selective  chemistry.   While  we  do  not  pretend  to  be  able  to  interpret 
these  phenomena,  we  hope,  in  our  research,  to  lay  a  foundation  on  which  such 
phenomena  can  be  interpreted. 

In  this  research  project,  several  spectroscopic  techniques  have  been 
employed.   These  techniques  include  ultraviolet  (uv)  spectroscopy,  electron 
impact  spectroscopy  and  visible-uv  multiphoton  ionization  (MPI)  spectroscopy 
of  static  and  supersonic  flowing  samples.   The  electron  impact  investigations 
were  carried  out  in  collaboration  with  Dr.  John  Doering  of  Johns  Hopkins  Uni- 
versity.  The  resonant  multiphoton  ionization  investigations  were  carried  out 
in  collaboration  with  Dr.  Abe  Auerbach. 

As  projected  last  year,  the  electron  spectroscopic  "rules"  we  established 
were  applied  to  several  theoretically  interesting  molecules.   Our  main  effort 
this  year  has  concerned  the  interactions  of  the  non-conjugated  double  bonds  in 
norbornadiene,  1,4-cyclohexadiene  and  1, 5-cyclohexadiene  were  predicted  to  be 
theoretical  model  proposed  to  explain  the  photoelectron  spectra  of  these 
molecules,  the  tt  -electron  orbitals  of  1,4-cyclohexadiene  were  predicted 
to  be  inverted  relative  to  those  of  norbornadiene,  and  the  tt  ^-orbitals 
have  been  predicted  to  be  both  inverted  and  normal  by  two  different  investi- 
gators.  On  the  basis  of  our  electron  scattering  results  we  were  able  to 
demonstrate  unequivocally  that  the  tt  -orbitals  of  l-4,cyclohexadiene  are 
inverted  relative  to  these  of  norbornadiene  and  that  the  tt  "'-orbitals  of 
1,4-cyclohexadiene  are  also  inverted  relative  to  those  of  norbornadiene. 
While  we  were  unable  to  confirm  or  deny  the  details  of  the  tt  -orbitals 
structure  of  1, 5-cyclooctadiene,  we  demonstrated  that  the  theoretically 
proposed  model  must  be  correct  in  form.   We  also  investigated  the  electron  im- 
pact spectra  of  acetone,  for  which  the  7.4  eV  transition  has  long  been  observed 
to  be  anomalously  weak.   We  demonstrated  that  the  optically  observed  transition 
is  based  on  a  false  (vibronically  induced)  origin,  the  true  origin  lying  one 
vibrational  quantum  to  lower  energy.   The  analogous  band  in  the  asymmetric 
molecule  methyl  ethyl  ketone  was  demonstrated  to  be  optically  allowed,  thereby 
explaining  its  significantly  greater  intensity  than  that  of  aceton  and  con- 
firming our  analysis  of  the  acetone  spectrum. 

The  multiphoton  ionization  investigations  conducted  this  year  were 
chosen  both  to  support  the  electron  impact  investigations  and  on  independent 
systems  of  interest.   The  MPI  spectrum  of  a  key  transition  of  1,4-cyclohexadiene, 
proposed  to  be  optically  forbidden  on  the  basis  of  the  electron  impact  investi- 
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gation,  was  demonstrated  to  be  2-photon  allowed,  thereby  confirming  our  assign- 
ment.  Further  MPI  investigations  of  butadiene,  discussed  last  year,  revealed 
another  transition  around  7.5  eV,  in  the  energy  region  where  a  transition  was 
suggested  by  our  earlier  interpretation  of  the  optical  spectrum  of  this  molecule. 
Unfortunately,  the  MPI  spectra  of  these  two  dienes  does  not  appear  to  be  sharp- 
ened or  simplified  relative  to  that  observed  in  the  static  cell  by  the  cooling 
produced  by  expansion  out  of  the  nozzle  of  our  molecular  beam  system.   By 
contrast,  the  MPI  spectrum  of  the  origin  band  of  the  4  -  6  eV  (267  nm)  transition 
of  toluene,  and  all  bands  built  on  it  by  symmetric  vibrations,  change  drastically 
on  cooling.   This  system  is  currently  under  investigation. 

In  the  next  year  both  electron  impact  and  multiphoton  ionization 
spectroscopy  will  continue  to  be  applied  to  molecules  of  theoretical 
interest.   With  the  implimentation  of  the  frequency  doubling  equipment  for 
my  laser,  which  has  recently  arrived,  MPI  investigation  of  optically 
forbidden  transitions  can  now  be  extended  further  into  the  ultraviolet, 
on  energy  region  in  which  there  are  many  transitions  of  interest.   We  hope 
this  year  to  get  the  mass  spectral  system  requested  last  year  operational 
to  investigate  the  fates  of  molecules  that  do  not  give  resolved  MPI  systems 
in  addition  to  the  objectives  cited  last  year.   We  also  hope  to  start  an 
investigation  of  the  effect  the  energy  of  the  first  resonance  in  multiphoton 
ionization  has  on  the  subsequent  absorptions  leading  to  ionization. 

Publications : 

1.  McDiarmid,  R.  and  Doering,  J. P.:   Electron  impact  investigation  of  the 
electronic  transitions  of  1,4-cyclohexadiene  and  1, 5-cyclooctadiene.   J. 
Chem.  Phys,,  (in  press). 

2.  Doering,  J. P.  and  McDiarmid,  R:   An  electron  impact  investigation  of  the 
forbidden  and  allowed  transitions  of  norbornadiene.   J.  Chem.  Physics, 

(in  press) . 

3.  Doering,  J. P.  and  McDiarmid,  R:   lOOeV  electron  impact  study  of  1,3- 
Butadiene.   J.  Chem.  Phys.  (in  press). 

4.  McDiarmid,  R.  and  Auerbach,  A.:   Four-photon  resonant  multiphoton 
ionization  spectroscopy.   Chem.  Phys.  Letter,  Ibi    520  (1980). 

5.  McDiarmid,  R. :   On  the  orbital  energies  and  symmetries  of  M  F^, , 
WFe  ,  and  ReFe .  Chem.  Phys.  Letter  ^6:  300  (1980). 

Reported  in  press 

Doering,  J. P.  and  McDiarmid,  R. :   Electron  impact  study  of  the  energy  levels 
of  trans-1, 3-butadiene.   II.   Detailed  analysis  of  valence  and  Rydberg 
transitions.   J.  Chem.  Phys.  Ti-    3617  (1980) 

Auerbach,  A.  and  McDiarmid,  R. :   A  modified  pulsed  valve  for  supersonic 
jet  applications.   Review  Sci.  Instr.  _51:  1273  (1980) 

McDiarmid,  R.  and  Doering,  J. P.:   Anomalous  Vi  -<-N  vibrational  band 
intensities  in  the  low  energy  electron  impact  spectra  of  trans-dienes. 
J.  Chem.  Phys.  IZ-    4194  (1980). 
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SUMMARY   OF   WORK    (200   words   or   less   -   underline    keywords) 

The  thermodynamics  and  kinetics  of  hemoglobin  S  gelation  are  being  investigated 
in  order  to  elucidate  the  molecular  mechanism  for  this  process.   The  results  of 
these  studies  provide  the  rationale  for  developing  agents  that  can  be  used  in 
the  treatment  of  patients  with  sickle  cell  disease.   A  method  to  measure  the 
distribution  of  delay  times  for  intracellular  polymerization  is  being  developed 
as  an  assay  technique  to  test  the  efficacy  of  potential  therapeutic  agents  in 
inhibiting  intracellular  gelation  of  hemoglobin  S. 
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Objectives: 

The  major  aim  of  this  work  is  to  elucidate  the  molecular  mechanism  of  hemo- 
globin S  gelation  in  order  to  provide  a  rationale  for  the  development  of 
agents  that  can  be  used  in  the  treatment  of  patients  with  sickle  cell  disease. 
Assay  techniques  are  also  being  developed  to  test  the  efficacy  of  potential 
therapeutic  agents  in  inhibiting  intracellular  gelation  of  hemoglobin  S. 

Methods  Employed: 

In  addition  to  conventional  biochemical  methods,  a  variety  of  specifically 
designed  physical  techniques  have  been  employed  to  study  the  gelation  process. 
These  include  microspectrophotometry,  linear  dichroism  and  birefringence, 
water  proton  NMR  line  widths,  temperature  perturbation  kinetics,  laser 
photolysis,  and  laser  light  scattering. 

Major  Findings: 

The  major  emphasis  during  the  past  year  has  been  in  the  development 
of  the  laser  photolysis,  light  scattering  technique  to  study  the  kinetics 
of  polymerization  in  single  red  cells.   The  basic  idea  of  the  technique  is  that 
deoxyhemoglobin  S  is  rapidly  prepared  by  photolysis  of  the  carbon  monoxide 
complex  with  a  CW  argon  ion  laser,  and  the  extent  of  polymerization  is 
measured  from  the  scattered  laser  light.   A  major  problem  in  working  with 
cells  is  that  the  light  reflected  from  the  surface  of  the  cell  is  comparable 
to  or  larger  than  the  light  scattered  by  the  polymers.   A  new  optical  con- 
figuration has  eliminated  the  reflected  light  sufficiently  to  clearly  observe 
polymerization  progress  curves  in  all  cells  with  delay  times  less  than  about 
200  milliseconds,  which  generally  constitute  more  than  half  the  cells  in 
the  population.   A  major  feature  of  the  progess  curves  is  that  the  amplitude 
of  the  noise  decreases  sharply  upon  the  appearance  of  polymer.   The  detailed 
origin  of  this  noise  is  not  clear,  but  it  may  be  related  to  changes  in  the 
reflected  light  from  the  surface  of  the  cell  that  arise  from  Brownian  motion. 
For  longer  delay  times  the  amplitude  of  the  polymerization  progress  curve  is 
smaller,  and  is  usually  obscured  by  the  noise  in  the  reflected  light.   The 
onset  of  polymerization  is  evident,  however,  from  the  large  change  in  the 
amplitude  of  the  noise,  and  delay  times  are  readily  extracted  from  progress 
curves  which  only  show  a  change  in  the  amplitude  of  the  noise. 

Several  important  findings  have  resulted  from  the  experiments  thus  far.   At 
short  times,  where  the  shape  of  the  polymerization  progress  curve  is  clear,  there 
are  no  differences  between  the  intracellular  polymerization  progress  curves  and 
those  observed  for  purified  hemoglobin  S  solutions.   The  distribution  of  delay 
times  has  been  measured  for  three  patients  with  homozygous  S/S  disease  at  37   C. 
The  distribution  is  found  to  be  exactly  what  is  expected  from  studies  on  isolated 
solutions.   There  is  a  very  broad  range  of  delay  times  from  a  few  milliseconds  to 
tens  of  seconds,  reflecting  the  wide  range  on  intracellular  hemoglobin  S  con- 
centrations (0.27  g/cc  to  0.50  g/cc).   The  most  probable  value  is  about  0.03  sec. 
which  corresponds  to  the  delay  time  measured  on  a  purified  hemoglobin  S  solution 
at  0.33  g/cc.   Measurements  of  the  reproducibility  of  the  delay  time  also  show  the 
same  behavior  as  observed  for  solutions.   For  short  delay  times  the  reproduci- 
bility is  excellent,  while  at  long  times  the  reproducibility  is  very  poor.   The 
poor  reproducibility  results  from  the  stochastics  of  the  homogeneous  nu- 
cleation  of  individual  polymers  in  the  small  volumes  (<  lO"  cc  for  solutions 
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and  <1U  ^0  cc  for  cells)  employed  in  the  measurements. 

All  of  the  data  thus  far  indicate  that  the  mechanism  of  polymerization  in 
single  red  cells  is  the  same  as  that  which  has  been  extensively  studied  by  us 
in  purified  solutions. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Our  kinetic  studies  constitute  a  totally  new  approach  to  understanding 
the  pathophysiology  of  sickle  cell  disease  and  to  the  development  of 
therapeutic  measures. 

The  theoretical  approaches,  the  experimental  results,  and  the  methods 
developed  in  this  investigation  are  contributing  to  a  general  understanding 
of  other  macromolecular  self-assembly  processes. 

Proposed  Course  of  Project: 

The  laser  photolysis,  light  scattering  technique  will  be  further  developed 
for  more  effectively  studying  intracellular  polymerization  kinetics  on  single  red 
cells.   Delay  time  distributions  will  be  measured  for  other  sickle  cell  syndromes, 
such  as  SC  disease,  and  S/3"'"-thalassemia,  where  the  clinical  course  is  milder. 
The  correlation  between  delay  time  distribution,  and  clinical  severity  will  be 
used  to  establish  criteria  for  assessing  the  therapeutic  potential  of  agents  which 
increase  the  delay  time. 

Publications: 

Sunshine,  H.R.,  Hofrichter,  J.,  Ferrone,  F.A.  and  Eaton,  W.A. :   Oxygen 
Binding  by  Sickle  Cell  Hemoglobin  Polymers.   Journal  of  Molecular  Biology 
(in  press) . 

Sunshine,  H.R. :  Effect  of  Other  Hemoglobins  on  Gelation  of  Sickle  Cell 
Hemoglobin,  in  Hemoglobins  and  Hemoglobinopathies :  A  Current  Review  to 
1981,  Texas  Reports  on  Biology  and  Medicine  (in  press) . 

Reported  in  press  1980. 

Ferrone,  F.A.,  Hofrichter,  J.,  Sunshine,  H.R.,  and  Eaton,  W.A. :   Kinetic 
Studies  on  Photolysis  Induced  Gelation  of  Sickle  Cell  Hemoglobin  Suggested 
a  New  Mechanism.   Biophysical  Journal,  32:  361-377  (1980). 
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Objectives:  ZOl  AM  29010-09  LCP 

The  aim  of  this  research  is  to  investigate  the  dynamics  of  ligand  binding 
and  conformational  transitions  in  proteins  using  time-resolved  pulsed  laser 
spectroscopy,  and  to  relate  structure  and  function  in  proteins. 

Methods  Employed: 

For  measurements  of  transient  absorption,  linear  dichroism  and  bire- 
fringence, luminescence,  and  Raman  scattering  an  excite  and  probe  type 
spectrometer  is  being  developed,  which  is  based  on  two  Nd:YAG  nanosecond 
laser,  a  dye  laser,  and  an  optical  multichannel  analyzer. 

Major  Findings: 

I.  Dynamics  of  geminate  recombination  and  structural  changes  in  hemo- 
globin. (See  annual  report  of  J.Hofrichter  for  a  detailed  description 

of  this  project).   There  have  been  2  major  technical  developments  during 
the  past  year  which  are  described  in  detail  in  the  report  by  Dr.  Hofrichter 
The  automation  of  the  transient  spectrometer  has  placed  the  instrument 
under  computer  control,  so  that  data  can  be  signal-averaged  and  continu- 
ously analyzed  during  the  course  of  the  experiment.   Signal  averaging  has 
led  to  the  acquisition  of  spectra  with  10  nanosecond  time  resolution 
which  are  comparable  or  better  then  those  obtained  with  a  Gary  14  or  17 
double  beam  recording  spectrophotometer.   In  addition  to  the  spectrometer 
an  instrument  has  been  developed  for  measuring  kinetics  at  a  single  wave- 
length to  times  as  short  as  about  100  ns. 

An  initial  set  of  experiments  on  the  photolysis  of  the  carbon  monoxide 
complex  of  hemoglobin  show  that  the  kinetics  of  geminate  recombination 
are  approximately  exponential,  and  that  there  is  a  spectral  change  of 
the  deoxy  photoproduct  that  results  from  either  a  heme  conformational  or 
spin  state  change. 

II.  Polarized  absorption  and  linear  dichroism  spectroscopy  of  hemo- 
globin. 


An  extensively  developed  technique  in  this  laboratory  has  been  the 
application  of  polarized  absorption  and  linear  dichroism  spectroscopies 
to  various  biological  molecules.   The  majority  of  the  work  has  been 
oncerned  with  hemoglobin.   Applications  to  hemoglobin  have  included: 
(1)   The  use  of  transition  moment  directions  obtained  from  polarized 
absorption  measurements  on  single  crystals  to  interpret  the  optical 
spectra  in  terms  of  excitations  between  molecular  orbitals  (ii)   the  use 
of  single  crystal  polarization  ratio  measurements  to  measure  the  re- 
orientation of  the  heme  in  the  globin  pocket  that  accompanies  oxygenation 
(iii)  the  determination  of  possible  orientations  of  the  hemoglobin  S 
molecule  in  the  sickle  cell  polymer  from  polarization  ratio  measurements 
on  single  cells,  and  (iv)  the  determination  of  the  poljmier  binding 
curve  from  linear  dichroism  measurements  on  gels  partially  saturated 
with  oxygen.   In  all  of  these  applications,  a  microspectrophotometer, 
designed  and  constructed  at  the  NIH  was  employed.   These  applications, 
as  well  as  a  detailed  description  of  the  instrumentation,  have  been 
summarized  in  a  major  review  article. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  elucidations  of  the  dynamics  of  ligand  binding  and  the  structural 
transitions  in  hemoglobin  should  lead  to  a  much  deeper  understanding  of 
how  this  and  other  proteins  perform  their  biological  function.   The 
techniques  developed  in  the  course  of  these  studies  should  be  applicable 
to  a  wide  variety  of  problems  in  protein  physical  chemistry. 

Proposed  Course  of  Project: 

In  the  coming  year  we  shall  continue  to  study  the  photolysis  of  carbon- 
monoxyhemoglobin.   Transient  spectra  will  be  measured  over  as  wide  a 
wavelength  and  temperature  range  as  possible.   To  help  ascertain  the 
nature  of  the  new  deoxy  species  observed,  a  companion  study  will  be 
carried  out  on  nyoglobin.   Once  the  transient  spectroscopy  is  more  com- 
pletely characterized,  it  will  be  possible  to  obtain  accurate  kinetic 
progress  curves.   The  accurate  curves  are  essential  for  distinguishing 
among  models  of  geminate  recombination. 

To  interpret  the  transient  deoxy  spectra,  additional  techniques  will 
be  developed,  such  as  measurements  of  transient  polarized  absorption 
in  single  crystals  and  circular  dichroism. 

Publications: 

Eaton,  W.A.  and  Hofrichter,  J.:   Polarized  abosrption  and  linear 
dichroism  of  hemoglobin,  in  Methods  in  Enzymology  76:  175-261  (1981) 
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Project  No.:   ZOl-AM-29011-lO-LCP 

Project  Description: 

[  I 
During  1980  the  study  of  fast  Ca   fluxes  in  live  rod  cells  of  rats  and 
frogs  continued.   (Yoshikami  &  Hagins) . 

Since  light  causes  fast  loss  of  Ca   from  IJve  rod  outer  segments  and  the  rod 
membrane  potential  is  simultaneously  increased,  the  question  arises  as  to  whether 
the  extrusion  of  Ca"*"*"  is  large  enough  and  fast  enough  to  serve  by  itself  to  domin- 
ate the  mechanism  by  which  Ca"^,  released  in  the  rod  cytoplasm  by  light,  is  removed 
and  the  light  response  thus  terminated.   It  was  first  shown  that  decreasing  the 
resting  membrane  potential  of  live  rods  caused  them  to  take  up  Ca"*"*"  in  the  dark. 
This  effect  could  be  demonstrated  either  by  increasing  extracellular  K^   or  by 
poisoning  the  cells  with  ouabain.   In  either  case,  Ca   fluxes  behaved  as  if  they 
were  strongly  coupled  to  the  thermodynamic  driving  force  tending  to  cause  Na   to 
leak  into  the  cells.   This  is  characteristic  of  a  typical  Na:Ca  exchange  mechanism 
now  found  in  many  other  cells.   A  large  series  of  experiments  have  now  shown  that 
when  conditions  favor  Ca"""  extrusion  from  retinal  rods,  the  light  responses  decay 
rapidly,  while  if  the  exchange  pump  is  not  strongly  driven  by  the  inwardly  directed 
Na"*"  gradient,  the  light  responses  are  slow.   Since  previous  work  from  this  group 
has  shown  that  intracellular  Ca"*"*"  controls  the  influx  of  Na"*",  the  presence  of  the 
reciprocal  effect  of  Na"*"  on  Ca"^  fluxes  establishes  a  complex  feedback  control 
mechanism  involving  the  two  ions.   Mathematical  modeling  is  now  being  used  to  study 
the  effect  of  this  machinery  in  producing  the  kinetic  properties  of  the  visual 
response. 

Experiments  on  the  mechanism  of  Ca   accumulation  by  isolated  rod  outer  seg- 
ments has  continued  (J.  S.  George  &  W.  A.  Hagins).   During  1980  it  has  been  shown 
that  GTP  is  necessary  for  Ca"*"^  accumulation,  that  the  GTP  driven  process  is  ac- 
celerated by  3 ',5'  cyclic  GMP,  and  that  the  Ca"^  taken  up  in  darkness  lies  in  the 
rod  outer  segments  and  not  in  mitochondria  or  microsomes. 

Techniques  for  studying  the  diffusible  ion  content  of  live  retinas,  isolated 
rod  outer  segments,  and  other  isolated  cells  by  freeze  drying  and  X-ray  micro- 
analysis have  been  developed  (M.  C.  Foster  &  W.  A.  Hagins).   Using  new  and  original 
correction  procedures  together  with  energy-dispersive  X-ray  spectrometry,  it  has 
been  shown  that  light  causes  the  disk  region  of  live  rod  outer  segments  to  lose  as 
much  as  5  mM  of  Ca"*^  per  liter  of  cell  volume.   Studies  of  the  changes  in  rod 
composition  produced  by  cardiac  gylcosides  indicate  that  a  small  rise  in  intra- 
cellular Na"*"  produces  a  much  larger  relative  increase  in  cytoplasmic  Ca"*"*".   Again 
this  finding  indicates  that  Na:Ca  exchange  is  very  important  in  retinal  photo- 
receptor cells. 

Publications : 

Yoshikami,  S.,  George,  J.  S.  and  Hagins,  W.  A.:   Light-induced  calcium  fluxes 
in  the  outer  segment  layer  of  vertebrate  retina.    Nature  (Land.). 

Yoshikami,  S. :   Technique  for  introducing  retinal  analogues  into  the  isolated 
retina.   Methods  in  Enzymology ,  in  press.  I 

Kito,  Y.,  Seki,  T.  &  Hagins,  F.  M. :   Isolation  and  purification  of  squid      ; 
rhabdomes.   Methods  in  Enzymology,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Energy  minimization  calculations  and  quantum  mechanical  computations  on 
compounds  of  biological  and  pharmacological  interest  continues  to  give  insight 
into  and  explanations  of  their  modes  of  their  behavior,  resulting  in  clues  to 
their  pharmacophores . 

The  inhibition  of  the  enzyme,  aldose  reductase,  involved  in  the  formation 
of  diabetic  cataracts,  by  flavonoids  and  other  compounds  is  under  investigation 
utilizing  QSAR  techniques  as  well  as  energy  minimization;  quantum  mechanical 
methods  and  stereochemical  considerations. 
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Project  No.:   ZOl-AM-29012-ll-LCP 

Project  Description: 

This  project  investigates  the  molecular  and  submolecular  factors  of  bio- 
logically important  molecules,  such  as  structural  features,  quantum  mechanical 
parameters  and  physical  properties,  in  relation  to  their  biological  and  pharmaco- 
logical behavoir. 

Aldose  reductase  has  been  implicated  in  the  events  which  lead  to  sugar 
cataracts  by  its  action  in  forming  sugar  alcohols,  which  may  be  the  causes  of  the 
cataracts.   Flavonoids  and  related  compounds  have  been  reported  to  be  potent 
inhibitors  of  aldose  reductase.   Our  postulated  mechanism  of  inhibition  is  a 
nucleophilic  assault  on  the  carbon  atom  of  a  carbonyl  group  (a  low  electron 
density  site)  by  the  reductase,  which  is  thus  made  unavailable  to  its  customary 
substrate. 

A  wide  series  of  compounds  has  been  investigated  by  energy  minimization 
computations,  quantum  mechanical  calculations  and  other  QSAR  techniques.   Among 
these  have  been  a  series  of  thiazolidines,  benzoxazones,  coumarins,  xanthones 
and  several  miscellaneous  groups.   The  data  fit  to  a  function  linear  in  the 
energy  of  the  lowest  empty  molecular  orbital  and  inversely  to  the  nuclear 
repulsion  energy  of  the  inhibitors,  supporting  our  thesis  of  the  mechanisms, 
and  indicating,  further,  a  size  or  structural  feature. 

In  addition,  energy  minimization  calculations  on  dinucleoside  phosphates 

show  that  these  can  exist  on  alternate  g~g~  conformation. (I ' )   NMR  data  tend  to 

confirm  this,  and  thus  there  are  four  stable  conformers  (I,  I',  II  &  III)  in 
equilibrium  with  the  open  form. 

Publications:   None 
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In  studies  designed  to  determine  the  role  of  hypoxia  and  age  in  the  develop- 
ment of  cardiac  disease  in  animals,  it  was  found  that  cardiac  disease  was  induced 
bv  a  single  24  hour  exposure  to  a  simulated  altitude  of  7620  meters  and  a  single 
intravenous  injection  of  Streptococcus  sanguis,  a  microorganism  known  to  colonize 
teeth  surfaces.   Within  6  days  54%  of  the  exposed  and  30%  of  the  unexposed  middle 
aged  (10  months  old)  rats  and  about  15.0%  of  the  young  adults  (2  months  old)  had 
bacterial  endocarditis.   Interstitial  myocarditis  developed  in  63%  of  the  injec- 
ted exposed  rats,  and  in  none  of  the  unexposed  young  adults.   Interstitial 
nephritis  was  found  in  46  and  66%  of  the  injected  unexposed  young  and  middle  aged 
rats,  and  in  70  and  86%  of  the  injected,  exposed  young  and  middle  aged  rats  re- 
spectively.  About  95%  of  all  Injected  rats  survived  6  days.   No  evidence  of 
hemo-concentration  was  found.   The  increase  in  cardiac  disease  induced  by  alti- 
tude was  probably  due  to  deleterious  effects  of  hypoxia  on  the  myocardium  and 
cellular  defenses,  and  to  physiological  and  possiblv  immunological  changes 
associated  with  aging. 
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Project  Description: 

Early  studies  have  shown  that  exposure  to  simulated  high  altitude  (hypobaric 
hypoxia)  increases  the  susceptibility  of  young  adult  animals  to  experimental  in- 
fections such  as  pneumonitis,  murine  salmonellosis,  and  bacterial  endocarditis. 
In  these  early  studies  prolonged  intermittent  or  continuous  exposure  to  altitude 
resulted  in  the  production  of  polycythemia,  an  important  secondary  response  that 
was  found  to  be  involved  in  the  production  of  increased  susceptibility  of  rats  to 
bacterial  endocarditis.   In  humans  it  is  known  that  some  of  the  predisposing 
factors  for  the  development  of  infectious  endocarditis  include  rheumatic  fever, 
congenital  cardiac  abnormalities,  and  arteriosclerosis,  all  of  which  may  cause 
some  degree  of  hypoxemia.   The  importance  of  hypoxemia,  per  se,  in  the  production 
of  infectious  endocarditis  in  the  absence  of  complications  such  as  polycythemia  or 
other  cardiovascular  abnormalities,  has  not  been  thoroughly  studied.   This  experi- 
mental study  attempts  to  solve  this  problem  by  giving  young  or  middle  aged  rats  a 
single  exposure  to  altitude  and  a  single  injection  with  Streptococcus  sanguis,  an 
alpha-hemolytic  streptococcus  causing  over  one-third  of  the  cases  of  human  endo- 
carditis.  In  early  clinicopathological  studies  it  was  found  that  the  greatest 
incidence  of  infectious  endocarditis  occurred  in  young  men.   Recent  studies  have 
shown  that  there  has  been  an  increase  in  the  average  age  of  patients  with  endo- 
carditis.  This  study  showed  that  a  single  altitude  exposure  (severe  hypobaric 
hypoxia-7620  meters)  and  a  single  injection  of  S.  sanguis  increased  significantly 
the  susceptibility  of  middle  aged  rats  to  experimental  bacterial  endocarditis  and 
of  young  and  middle  aged  rats  to  myocarditis.   The  experimental  procedure  provided 
a  reliable  method  for  inducing  cardiac  lesions  and  eliminated  the  necessity  of 
exposing  animals  to  altitude  for  weeks  and  even  months  to  attain  similar  results, 
as  reported  previously  in  young  adults.   The  increased  incidence  of  bacterial  en- 
docarditis induced  by  altitude  exposure  indicated  that  caution  should  be  taken  by 
individuals  with  oral  infections  who  contemplate  exposure  to  altitude,  because  S. 
sanguis  was  often  found  to  be  the  causative  agent  in  human  cases  of  bacterial 
endocarditis. 

Analysis  of  body  weight  changes  showed  that  the  exposed  middle  aged  rats  were 
more  severely  affected  by  the  infection  than  young  adults.   The  absence  of  any 
significant  change  in  the  hematocrit  following  a  24  hour  exposure  to  altitude  in- 
dicated that  polycythemia  was  not  a  factor  in  the  increased  susceptibility  to 
cardiac  disease.   In  the  middle  aged  rats  exposed  to  altitude  an  increase  in  the 
incidence  of  experimental  endocarditis  appeared  to  be  related  to  hypoxemia  and  to 
advancing  age.   It  is  quite  possible  that  hypoxemia  induced  by  the  cardiac  disease 
in  humans  also  plays  an  important  role,  along  with  increasing  age,  in  increasing 
susceptibility  to  cardiac  disease.   The  hypobaric  hypoxia  appeared  to  be  the  domin- 
ant factor  and  not  age,  in  the  development  of  myocarditis  in  the  rats  injected  with 
S.  sanguis.   The  involvement  of  the  right  ventricle  in  both  young  and  middle  aged 
rats  was  probably  due  to  an  increase  in  its  workload  caused  by  altitude  induced 
hyperventilation,  hypoxemia,  and  pulmonary  hypertension. 

The  mechanism  by  which  hypobaric  hypoxia  alters  the  susceptibility  to  disease 
is  not  thoroughly  understood.   There  are  a  number  of  factors  that  may  be  involved. 
It  is  known  that  there  is  an  increased  release  of  adrenal  hormones  during  exposure 
to  high  altitude.   It  is  also  known  that  an  excess  of  adrenal  cortical  hormones 
may  interfere  with  the  transport  of  defensive  material  and  cellular  elements 
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necessary  to  combat  infection.   Large  doses  of  epinephrine  have  produced  an  in- 
creased incidence  of  endocarditis  and  renal  lesions  in  experimental  animals.   Ap- 
parently the  immune  system  of  young  adults  is  not  impaired  by  exposure  to  high 
altitude.   It  has  been  found  that  agglutinin  titers  for  Salmonella  typhimurium  in 
mice  were  not  altered  after  2  weeks  at  6096  meters.   Also  circulating  precipitins 
of  bovine  serum  albumin  were  found  to  reach  higher  levels  in  rabbits  exposed  to 
high  altitude  levels  than  in  ground  level  controls.   Rabbits  and  rats  exposed  to 
altitude  showed  an  increased  capacity  to  produce  antisheep  erythrocyte  hemolysin 
compared  with  ground  level  controls.   On  the  basis  of  the  studies  with  young  adult 
animals,  it  seems  unlikely  that  an  acute  exposure  to  altitude  would  adversely 
affect  the  immune  response.   However,  the  immunological  response  of  middle  aged 
animals  has  not  been  determined.   It  has  been  shown  that  immune  functions  are 
reduced  with  age.   It  is  quite  possible  that  reduced  immunological  competence  of 
middle  aged  rats  may  have  contributed  to  the  increased  incidence  of  endocarditis 
following  exposure  to  altitude. 

The  adverse  effect  that  altitude  exposure  has  upon  the  resistance  to  disease 
in  animals  is  probably  due  to  multiple  factors  that  include  a  direct  effect  of 
hypoxia  on  tissues,  cellular  defenses,  and  physiological  responses. 

Studies  have  been  conducted  on  the  effects  of  age  on  the  response  of  rats  to 
mild  restraint.   Preliminary  results  suggested  that  there  was  a  significant  treat- 
ment x  age  interaction  (p<0.01)  for  log  transformed  plasma  alanine  amino  trans- 
ferase (Alt),  aspartate  aminotransferase  (Ast),  and  creatine  kinase  (CK)  activity. 
The  plasma  enzyme  activities  of  weanling  and  old  (11  months)  rats  were  elevated 
following  light  restraint.   Apparently  the  absence  of  significant  plasma  enzyme 
change  in  young  adults  (140-170  days  of  age)  indicated  that  their  resistance  to 
restraint  was  greater  than  the  very  young  and  old  rats.   This  finding  may  have 
significance  to  investigators  who  use  restraint  to  obtain  physiological  measure- 
ments and  to  physiologists  involved  in  aerospace  research  when  restrain  is  often 
used. 

Progress  has  been  made  on  a  review  concerning  factors  affecting  altitude 
tolerance.   The  initial  effort  has  been  on  the  effects  of  altitude  exposure  on  the 
autonomic  nervous  system,  with  emphasis  on  the  influence  of  drugs  on  both  the  para- 
sympathetic and  sympathetic  responses  to  hypoxia. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  replacement  laboratory  computer  facility  serving  LMB  and  LCP  is  under- 
going user  acceptance  testing.   The  local  network  connects  nine  instruments  with 
dedicated  micro  computers  to  a  large  capacity  host  computer. 
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Project  Description: 

This  computer  facility  has  served  the  laboratories  of  Molecular  Biology  and 
of  Chemical  Physics  for  the  past  twelve  years.   In  cooperation  with  the  Computer 
Systems  Laboratory,  DCRT,  we  have  replaced  the  old  Honeywell  516  system  with  a 
local  network  of  DEC  micro  computers  connected  to  a  DEC  11/70  host  computer. 

Obj  ectives : 

Development  of  a  laboratory  computer  facility  to  service  the  data  aquisition 
and  processing  requirements  of  the  laboratories  in  Building  2. 

Findings : 

All  instruments  formerly  serviced  by  the  Honeywell  system  have  been  converted 
to  the  new  LDACS  system.   The  microspectrophotometer  is  still  in  test  because  of 
extensive  changes  to  that  instrument  and  an  new  instrument,  a  Gary  219  spectro- 
photometer has  been  added  to  the  network.   To  acquaint  potential  users  with  the 
DEC  11/70  a  tutorial  on  the  11/70  operating  system  and  utility  programs  was  con- 
ducted in  March.   LDACS  users  are  now  using  the  system  to  test  data  processing 
software  translated  from  the  Honeywell  system;  this  process  will  continue  for 
three  to  six  months. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  transient  spedtrometer  has  been  further  developed  and  used  to  measure 
the  spectral  evolution  of  deoxyhemoglobin  produced  by  photolysis  of 
carbonmonoxyhemoglobin.   Several  temporally  distinct  processess  are 
observed.   The  first  product  exhibits  a  weak,  blue-shifted  spectrum 
peaking  at  423  nm  and  decays  within  about  5-10  nanoseconds  to  a  broadened 
spectrum  peaking  at  430  nm.   Photodissociated  carbon  monoxide  recombines 
with  this  species  with  an  apparent  rate  of  1.5  (10  )  sec   which  is  in- 
dependent of  the  free  CO  concentration.   This  process  is  interpreted  as 
recombination  of  CO  which  is  dissociated  from  the  heme  iron,  but  which 
remains  trapped  in  the  surrounding  protein  matrix.   Subsequent  to  this 
'geminate'  recombination,  a  spectral  change  characteristic  of  the  hemo- 
globin quaternary  structural  change  can  be  resolved.   Systematic  obser- 
vations of  these  processes  as  at  various  temperatures  and  CO  pressures 
have  been  initiated  in  an  effort  to  unravel  the  origin  of  the  spectral 
changes  and  the  mechanism  of  the  geminate  recombination. 


U    PUB_ftniin 


551 


Methods  Employed:  ZOl  AM  29016-  06  LCP 

Assembly  reactions  are  being  studied  using  a  wide  variety  of  physical 
techniques.   The  solubility  equilibrium  between  monomer  and  polymer  is 
studied  using  sedimentation  followed  by  spectrophotometric  analysis  of 
supernatant  solution.   This  technique  permits  non-invasive  analysis  of 
mixtures  of  spectrally  distinct  hemoglobin  components,  such  as  oxy-deoxy 
or  carbon  monoxydeoxy  mixtures.   The  composition  of  the  polymer  phase, 
which  is  spontan'^ously  ordered,  is  examined  by  measuring  linear  dichroism 
and  polarized  absorption.   These  measurements  permit  quantitative  measurements 
of  the  polymer  phase  composition  without  interference  from  the  protein  in  the 
unaligned  solution  phase. 

A  variety  of  light  scattering  measurements  have  been  employed  to  study 
the  processes  by  which  polymers  are  formed.   Intensity  scattering  from 
a  continuous  1.06  micron  neodymium  YAG  laser  has  been  used  to  study  the 
polymerization  and  depolymerization  of  concentrated  HbS  solutions.   Tur- 
bidity measurements  are  routinely  used  to  characterize  the  delay  times  of 
samples  being  studied  as  mixtures  (see  above).   Intensity  scattering  is  also 
being  used  to  monitor  the  kinetics  of  polymerization  in  experiments  in  which 
gelation  is  induced  by  laser  photolysis.   In  these  experiments  a  very  tightly- 
focussed  spot  from  an  argon  ion  laser  is  used  to  desaturate  a  sample  of 
carbonmonoxyhemoglobin  S  and  rapidly  form  deoxyhemoglobin  S.   The  laser 
illuminates  the  region  continuously  and  is  scattered  by  the  formation  of 
polymers  within  the  deoxyhemoglobin  S  solution.   The  scattered  light  is  then 
detected  either  at  135  °  or  at  45  '-'.   During  the  past  year,  a  modification  of 
this  laser  scattering  technique  has  been  developed  to  measure  the  kinetics  of 
polymerization  within  single  red  cells.   In  an  instrument  developed  specifically 
for  this  purpose,  we  have  focussed  an  argon  ion  laser  beam  through  a  high 
power  (lOOX)  microscope  objective  to  photolyze  areas  approximately  3  microns 
in  diameter  in  the  center  of  single  red  cells.   Light  scattered  back  into 
angles  close  to  180  *-*  is  monitored  through  the  same  objective  in  order  to  vis- 
ualize the  onset  of  polymerization. 

Transient  events  on  the  time  scale  of  10  ~  to  10  ~  sec  are  monitored  using 
a  transient  spectrometer  based  on  two  pulsed  Nd:YAG  laser.   The  first  laser 
is  used  as  an  excitation  source  to  perturb  the  sample  either  by  inducing  a 
photochemical  change,  or  by  perturbing  the  solution  conditions,  using  as 
appropriate  light  compuled  inducer.   At  present,  changes  in  pH,  temperature, 
pressure  at  ATP  have  been  coupled  to  the  intense  light  pulses  obtainable 
from  the  Nd:YAG  laser.   Changes  in  pH  and  ATP  level,  however,  require  chemical 
reactions  and  hence  cannot  be  induced  in  less  than  about  10"  sec.   A  second 
laser  or  a  continuous  monitoring  beam  is  used  to  measure  the  time  course  of 
the  reaction  which  follows  the  excitation  pulse.   In  one  mode,  a  pulse  of  about 
10  ns  duration  from  a  second  NdrYAG  laser  is  used  to  excite  a  solution  of  a 
fluorescent  dye  housed  in  a  thin  (250 M )  layer  cell.   The  emitted  light  is  passed 
through  the  sample  in  twc  regions,  one  of  which  is  illuminated  by  the  excitation 
pulse  and  the  other  of  which  is  not.   The  resulting  light  is  focussed  on  a  spect- 
rograph slit  dispersed.   The  dispersed  image  illuminates  the  face  of  a  vidicon 
tube  in  two  tracks.   The  resulting  intensity  is  measured  by  an  optical  multi- 
channel analyzer  and,  after  subtracting  the  dark  baseline  of  the  vidicon  and 
taking  the  log  ratio  of  the  resulting  intensities,  produces  a  difference  spectrum 
between  the  excited  and  unexcited  portions  of  the  sample.   In  this  mode  the  in- 
strument can  be  used  to  determine  the  absorption  spectrum  of  the  excited  region 
in  about  10  nanoseconds. 
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The  second  method  used  to  probe  the  reaction  is  to  measure  the  time  course 

of  absorbance  changes  at  a  fixed  wavelength.   The  experiment  requires  a 
monochromatic  source  of  variable  wavelength  and  of  temporal  duration  which 
is  long  compared  to  the  kinetic  events  which  are  being  monitored.   During 
the  past  year  a  photolysis  apparatus  having  microsecond  resolution  has  been 
constructed  which  can  use  either  a  high  pressure  xenon  lamp  or  a  tungsten- 
halogen  lamp  as  a  source.  An  image  of  the  source  passes  through  the  photolyzed 
area  of  the  sample  cell  and  is,  in  turn,  imaged  on  the  slit  of  a  monochromator . 
This  configuration  takes  advantage  to  discriminate  against  stray  light  from  the 
excitation  pulse.   Using  the  Tektronix  7912  AD  oscilloscope  for  signal 
averaging,  this  device  presently  can  measure  changes  absorbance  changes  as 
small  as  10  "^  optical  density  units  at  frequencies  up  to  100  kHz. 

A  nanosecond  instrument,  designed  to  extend  the  frequency  range  of  such 
measurements  to  times  which  are  limited  by  the  rise  time  of  the  laser 
pulse  (ca.  2  ns)  is  presently  under  development.   This  instrument  will 
require  a  brighter  source,  faster  photodetectors  and  faster  amplifiers. 
The  light  will  be  supplied  by  a  high  pressure  xenon  arc  lamp,  powered  by 
a  pulsed  supply  which  provides  enhancement  of  approximately  100  times  over 
the  average  output  from  the  same  lamp  operated  continuously.   Phototubes 
configured  for  high- intensity,  pulsed  operation  and  photodiodes  will  be  tested 
as  detectors  for  the  nanosecond  instrument.   The  signal  amplifiers   and  the 
7912  oscilloscope  which  will  be  used  for  data  acquisition  are  already  in  place 
and  working. 

Significance  progress  has  also  been  made  in  implementing  computer  control 
over  the  laser  spectrometer.   A  laboratory  computer  is  essential  for  ex- 
periment control,  signal  averaging,  data  processing  and  data  transmission. 
The  Tektronix  7912  AD  transient  digitizer  has  been  interfaced  by  Dr.  Henry 
to  both  the  Hewlett-Packard  9845B  and  9825A  desktop  calculators  which  currently 
are  available  in  the  Laboratory  of  Chemical  Physics.   Software  has  been  devel- 
oped which  allows  the  computer  to  control  the  firing  of  the  lasers  and  the 
acquisition  of  signal-averaged  kinetic  data.   Similar  signal  averaging 
capabilities  have  also  been  implemented  using  the  Nicolet  1090  Explorer  digital 
oscilloscope  as  a  data  recorder.   Communications  between  the  calculators  and 
a  Princeton  Applied  Research  optical  multichannel  analyzer  have  also  been 
developed.   Present  programs  permit  data  transfer,  resident  data  processing  by 
least-squares  fitting  of  experimental  spectra  to  reference  spectra,  and  data 
transfer  to  the  DECIO  and  PDF  11-70  computer  systems  for  further  processing. 
These  control  and  processing  capabilities  are  essential  for  manipullating  the 
high  density  data  which  is  generated  by  the  transient  spectroscopic  and  kinetic 
measurements. 

Instrumental  developments  are  proceeding  along  several  lines:   (1)  continu- 
ing to  develop  the  capability  to  monitor  the  time-evolution  of  the  absorb- 
ance at  a  single  wavelength  which  will  increase  the  accuracy  of  the  kinetic 
progress  curves;  (2)  expanding  the  temperature  range  over  which  experiments 
can  be  performed  to  span  the  range  of  100°  K  to  320°  K;   (3)  developing 
protein  fluorescence  as  a  probe  of  the  reaction  kinetics  using  an  approach 
similar  to  that  used  for  the  absorption  measurements;   (4)  developing  the 
capability  to  perform  polarized  absorption  and  fluorescence  measurements  at  the 
same  time  resolution  presently  used  in  the  isotropic  absorption  experiments. 

An  additional  major  project  over  the  past  year  has  been  the  rebuilding 
and  moderization  of  the  recording  microspectrophotometer  which  was 
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originally  assembled  by  Dr.  Eaton  between  1968  and  1970  and  was  subsequently 
automated  and  improved  by  the  PI  in  1972-1973.   The  instrument  was  further 
expanded  by  Dr.  Ferrone  in  1978-1979  by  the  addition  of  optics  for  laser 
photolysis  studies  of  small  samples.   The  sequence  of  changes  and  expansion 
of  the  capabilities  of  this  instrument  led  to  serious  problems  in  the  over- 
all design  as  well  as  limitations  on  its  use  for  the  general  spectral  studies 
for  which  it  was  originally  designed.   As  a  result  of  complete  redesign  of 
the  instrument  was  undertaken  with  the  following  objectives.   (1)   To  provide 
a  readily  usable  instrument  for  polarized  absorption  and  linear  dichroism 
measurements  of  oriented  sampled.    (2)   To  permit  the  simple  addition  and 
manipulation  of  laser  photolysis  optics  for  studying  photolysis-induced 
kinetics  of  sickle  hemoglobin  polymerization.   (3)   To  develop  a  versatile 
and  flexible  optical  system  which  permits  the  rapid  introduction  of  a 
variety  of  illumination  sources  and  detection  systems  without  the  necessity 
for  major  machining  of  optical  supports  or  other  parts. 

To  meet  these  objectives,  a  Gary  14  monochromator,  modified  to  utilize 
tungsten-halogen,  xenon  and  deuterium  lamps  was  used  to  replace  the 
original  double  Jarrel  Ash  monochromator.   The  Gary  14  was  further  modified 
to  scan  under  stepper-motor  control  to  provide  campatibility  with  the  com- 
puter-controlled data  acquisition  system  (LDAGS)  which  has  been  developed 
by  the  Gomputer  Sciences  Laboratory  of  DGRT.   Reflecting  optics  were  used 
throughout  the  microscope  illimination  system  to  provide  an  achromatic 
illumination  system  throughout  the  entire  near-infrared,  visible  and  near- 
ultraviolet  spectral  range.   In  addition,  turret-mounted  mirrors  were  used 
in  the  microscope  base  and  above  the  projective  eyepiece  to  allow  rapid 
interchange  of  illumination  sources  and  detectors.   Provision  was  also  made  for 
a  small  optical  table  mounted  behind  the  projection  mirror  to  permit  addition 
of  more  complex  optics  in  the  light  detection  system.   For  example,  provision 
has  been  made  for  mounting  an  additional  monochromator  in  the  superstage  optical 
train  in  order  to  allow  the  microscope  to  be  used  for  fluorescence  measurements. 
The  microscope  monochrometor  and  the  laser  for  photolysis  studies  have  been  mounted 
together  on  an  isolation-mounted  optical  table.   As  mentioned  above  the  instru- 
ment will  be  serviced  by  an  LDAGS  microprocessor-based  control  and  data  ac- 
quisition system.   This  instrument  will  calculate  absorbances  from  the  measured 
photocurrents  in  the  signal  and  reference  arms  of  the  microspectrophotometer  and 
will  also  function  as  a  100  kHz  transient  digitizer  for  kinetic  studies.   The 
LDAGS,  which  is  currently  in  place,  will  also  service  the  Gary  17  for  digitizing 
absorption  spectra  and  the  light-scattering  microscope  (see  above)  which  has 
been  developed  for  the  cell  photolysis  studies. 

Major  Findings; 

1.   Transient  Spectroscopy  of  Photolyzed  Carbonmonoxyhemoglobin. 

The  spectra  of  deoxyhemoglobin  formed  by  photolysis  of  the  carbon  mon- 
oxide complex  have  been  studied  using  the  transient  spectrometer.   The 
experiment  utilizes  one  laser  to  excite  the  sample  at  time  t  =  tg  .   In 
the  standard  hemoglobin  experiment  this  laser  pulse,  having  a  wavelength  of  532 
nm  and  a  halfwidth  of  approximately  7  nanoseconds,  photodissociates  carbon  mon-    . 
oxide  from  hemoglobin.   A  pulse  from  a  second  laser  is  used  to  probe  the  J 

reaction.    This  pulse  is  accurately  timed  with  respect  the  excitation  pulse      .  f 
and  has  a  wavelength  of  355  nm.   The  'probe'  pulse  is  used  to  excite  a 
fluorescent  laser  dye,  stilbene  420,  which  spontaneously  emits  over  the  wave-      [ 
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length  range  in  which  the  sample  absorbance  is  to  be  measured.   Stllbene  420 
was  chosen  to  overlap  the  Soret  bands  of  deoxy-and  carbonmonxyhemoglobin  which 
is  the  conventional  band  used  to  probe  the  photolysis  reaction.   The  emmision 
by  the  laser-excited  dye  is  then  used  as  a  time-resolved  source  to  measure  the 
spectrum  of  the  photolyzed  sample  at  time  t  =  tQ+  At. 

By  using  a  vidicon  detector  coupled  to  an  optical  multichannel  analyzer, 
dual  beam,  ratioed  measurements  of  the  spectrum  of  the  photolyzed  sample 
can  be  obtained  in  a  single  laser  shot.   The  extremely  high  power  of  the 
laser  permits  collection  of  over  10'  photons  per  nm  from  the  dye  cell  and 
consequently  the  recording  of  spectra  with  a  noise  level  of  about  .003 
optical  density  having   1  nm  resolution.   This  noise  level  can  be  signif- 
icantly reduced  by  further  signal  averaging  which  is  possible  because  of 
the  highly  reproducible  delay  between  the  excitation  and  probe  pulses. 
Typical  jitter  in  the  delay  is  only  about  1  ns  RMS. 

A  significant  new  result  from  our  work  to  date  is  the  observation  of 
an  altered  difference  spectrum  early  in  the  photolysis  pulse.   In  this 
experiment  the  probe  pulse  arrives  just  before  the  photolysis  pulse  so 
the  trailing  edge  of  the  probe  overlaps  with  the  leading  edge  of  the  ex- 
citation.  In  this  way  it  is  possible  to  measure,  qualitatively,  the 
spectrum  of  the  newly  photolyzed  molecules.   Incomplete  photolysis  is 
observed  because  the  majority  of  the  probe  pulse  passes  through  the  sample 
before  it  is  excited.   Nonetheless,  the  spectrum  of  the  newly-photolyzed 
molecules  is  distinctly  different  from  the  spectrum  which  is  observed  at 
the  completion  of  the  excitation  pulse.   The  experiment  suggests  that  this 
population  has  a  spectrum  which  is  blue  shifted,  having  a  peak  at  about 
423  nm,  and  has  a  peak  extinction  coefficient  which  is  considerably  smaller 
than  that  of  deoxyhemoglobin  (e   =1.4  x  10^  M~  cm  "  ) .   After  the  photo- 
lysis is  complete,  we  are  able  to  monitor  a  complex  succession  of  kinetic 
events  by  measuring  transient  spectra  at  different  times.   Most  of  these 
processes  have  been  previously  observed  by  other  workers,  but  the  transient 
spectrometer  provides  both  higher  quality  and  more  complete  data  on  the  time 
evolution  of  spectral  species.   The  first  process  observed  is  recombination 
of  the  unliganded  hemes  with  carbon  monoxide.   This  process  has  previously 
been  reported  to  be  independent  of  the  concentration  of  free  CO,  and  has 
thus  been  assigned  to  a  geminate  recombination  of  ligand  which  has  been 
dissociated  from  the  heme,  but  remains  in  the  heme  pocket  and  then  rapidly 
recombines.   The  time  course  of  the  recombination  is  complex  if  observed 
at  the  peak  of  the  CO  hemoglobin  absorption  band,  apparently  as  a  result 
of  the  simultaneous  recombination  of  CO  and  a  change  in  the  deoxyhemoglobin 
spectrum,  but  we  cannot  yet  tell  whether  these  two  processes  take  place 
simultaneously  or  sequentially.   The  geminate  recombination  competes  with 
diffusion  of  the  ligand  out  of  the  protein  molecule  and  into  solution,  so 
a  significant  fraction  of  unliganded  hemes  remain  at  the  end  of  this  phase 
of  the  reaction.   The  final  saturation  of  the  sample  is  temperature 
dependent,  decreasing  from  about  0.60  at  o'^C  and  to  about  0.10  at  40  C. 
A  detailed  study  of  the  temperature  dependence,  then,  should  allow  us  to 
determine  the  temperature  dependence  of  these  two  competing  processes. 

The  partially  liganded  molecules  which  result  from  this  first  recombination 
step  then  undergo  a  conformational  change  from  the  R  (liganded)  quanternary 
structure  to  the  T  (unliganded)  structure.   The  change  is  accompanied  by 
a  characteristics  shift  in  the  deoxyhemoglobi-n  spectrum  which  was  originally 
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described  by  Gibson  and  his  collaborators.   In  our  experiments  the  struct- 
ural change  is  observed  on  the  time  scale  from  -4  to  100  microseconds 
where  no  CO  recombination  takes  place  to  otherwise  change  the  spectra. 
Finally,  carbon  monoxide  from  the  solution  phase  recombines  with  deoxy- 
hemes  in  molecules  which  have  remained  in  the  R  quaternary  structure  and, 
more  slowly,  with  those  which  have  undergone  the  conversion  to  the  T 
quaternary  structure. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  studies  of  photolysis  induced  polymerization  kinetics  provide  the 
only  available  technique  for  studying  the  polymerization  reaction  as  it 
is  actually  initiated  in  vivo,  by  the  removal  of  ligands  on  physiological 
time  sides.   The  fast  kinetic  studies  also  show  promise  as  a  rapid  and  con- 
venient screening  technique  for  therapeutic  inhibitors  of  hemoglobin  S 
polymerization. 

The  physical  studies  of  the  polymer  phase  and  polymerization  kinetics  are 
aimed  at  providing  a  better  basic  understanding  of  the  physical  nature  of 
the  polymer  phase,  and  the  self-assembly  process  by  which  it  is  formed. 

The  objective  of  the  transient  spectral  studies  is  to  provide  a  detailed 
picture  of  the  time-evolution  of  protein  structure.   By  using  photolysis 
to  prepare  molecular  species  which  cannot  be  observed  at  equilibrium,  the 
pathways  by  which  these  species  evolve  can  be  determined,  providing  a  new 
dimension  to  the  understanding  of  the  relationship  between  protein  struct- 
ure and  function. 

Proposed  Course  of  Project: 

Photolysis  induced  gelation  will  be  extended  to  the  study  of  intracellular 
polymerization  and  to  examine  gelation  kinetics  in  partially  saturated 
solutions.   The  present  results  will  be  used  to  delimit  the  range  of 
parameters  for  the  nucleation-growth  model  for  the  kinetics  of  polymer 
formation.   The  photolysis  technique  will  also  be  used  to  measure  the  rates 
of  polymer  growth  by  seeding  domains  in  a  predetermined  area  of  a  slide. 

Continued  work  on  hemoglobin  transients  will  include  the  time-resolved 
detection  of  tryptophan  fluorescence,  and  the  investigation  of  absorbtion 
changes  in  the  visible  (500-600  nm)  spectral  region.   The  fluorescence  will 
be  measured  by  delayed  excitation  of  the  sample  with  266  nm  laser  light 
after  photolysis,  and  will  be  performed  to  determine  whether  the  fluorescence 
quantum  yeild  of  aromatic  amino  acids  can  be  used  to  monitor  changes  in  tertiary 
or  quaternary  structure. 

The  transient  spectrometer  will  be  generalized  to  permit  polarized  excitation 
and  detection.   In  addition,  transient  raicrospectrophotometry  will  be  explored 
to  determine  whether  we  can  measure  transient  events  after  photolytic  excita 
ation  on  samples  as  concentrated  (0.69  g/cm^  )  as  hemoglobin  single  crystals. 

Publications: 

Hofrichter,  J.,  Sunshine,  H.R. ,  Ferrone,  F.A.  and  Eaton,  W.A. :   Oxygen 
binding  and  the  gelation  of  sickle  hemoglobin.   In  Proceedings  on  the 
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Symposium  on  the  Molecular  Basis  of  Mutant  Hemoglobin  Dysfunction,  P.B. 
Sigler  (Ed.) J  Elsevier,  North  Holland  (in  press). 

Hofrichter,  J.:   Molecular  Description  of  Sickle  Hemoglobin  Gelation. 
In  The  Combined  Clinical  Staff  Conference  on  Scientific  Basis  of  New 
Therapeutic  Approaches  in  Sickle  Cell  Anemia,  Annals  of  Internal  Medicine 
(in  press) . 

Sunshine,  H.R, ,  Hofrichter,  J.,  Ferrone,  F.A.  and  Eaton,  W.A. :   Oxygen 
binding  by  sickle  hemoglobin  polymers.   In  Interaction  of  Iron  With  Pro- 
gein  in  Oxygen  and  Electron  Transport  (in  press) . 


Reported  in  Press-1980 

Eaton,  W.A.  and  Hofrichter,  J. :   Polarized  Absorption  and  Linear 
Dichroisra  Spectroscopy  of  Hemoglobin  in  Methods  of  Enzymology  lb_  : 
175-261  (1981) 

Ferrone,  F.A. ,  Hofrichter,  J.,  Sunchine,  H.R.  and  Eaton,  W.A. :   Kinetic 
studies  on  photolysis  induced  gelation  of  sickle  cell  hemoglobin  suggest 
a  new  mechanism.   In  Biophysical  Discussion  on  Proteins  and  Nucleoproteins: 
Structure,  Dynamics  and  Assembly,  Biophysical  Journal  32: 361  (1980) 
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Project  Description 

1.  Studies  on  the  effect  of  melittin,  a  bee  venom  protein,  on  phospholipid 
membrane  structures  have  been  done  using  Raman  and  infrared  spectroscopy.   For 
details  see  Levin. 

2.  Dipalmitoyl  phosphatidylglycerol  (DPPG)  is  reported  to  interdigitate 
its  fatty  acid  chains  in  the  gel  phase,  but  can  be  inhibited  in  the  presence 
of  salts.   IR  spectral  differences  (depending  on  salt  concentration)  in  the 
methyl  and  methylene  carbon-hydrogen  and  carbonyl  stretching  mode  regions  are 
consistent  with  interdigitation  and  its  inhibition.   This  presents  an  indicator 
for  inhibition  of  interdigitation. 

3.  Physiological  evidence  indicates  that  a  basic  protein  from  myelin  nerve 
sheath  might  inhibit  interdigitation  in  myelin  nerve  sheath  lipids  and  thus  have 
significance  in  nerve  disease.   Therefore,  we  have  examined  the  ability  of  this 
protein  (supplied  by  a  Canadian  research  team)  to  inhibit  DPPG.   Data  suggest 
that  at  low  temperature  (below  30°C)  there  is  no  inhibition  but  above  30°  there 
is.   Since  the  protein  in  vivo  is  at  37°  that  may  be  significant. 

4.  Since  it  was  suggested  that  alcohol  produces  changes  in  brain  lipids, 
we  examined  extracts  from  cortex,  cerebrum,  cerebellum  and  hippocampus  for 
chronic,  acute  and  chronic  withdrawal  alcoholic  mice.   The  results  were  some- 
what equivocal  but  there  was  no  evidence  of  major  changes  in  the  lipid  assem- 
blies. 

5.  All  spectra  discussed  were  recorded  from  aqueous  samples  requiring  the 
subtraction,  by  computer,  of  the  water  spectrum  from  the  data.   What  appears  to 
be  simple  is  not,  we  find  there  is  nearly  always  an  interaction  between  solvent 
and  solute  requiring  manipulation  of  the  data  to  obtain  reproducible  results. 
Some  changes  are  sufficient  to  prevent  resolution  and  all  require  careful 
manipulation.   These  results  cause  doubt  of  the  validity  of  a  significant  number 
of  literature  data. 

Future  Projects 

We  propose  to  employ  the  interdigitation  inhibition  probe  to  explore  the 
interaction  and  penetration  of  proteins  in  membranes.   An  anticipated  new  Raman 
installation  will  help. 

Publications 

REPORTED  IN  PRESS  -  1980 

Bush,  S.  F.,  Adams,  R.  G.  and  Levin,  I.  W. :   Structural  reorganizations 
in  lipid  bilayer  systems:   effect  of  hydration  and  sterol  addition  on  the 
Raman  spectra  of  dipalmitoyl  phosphatidylcholine  multilayers.   Biochemistry 
19  :  4429-4436,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  new  and  potentially  most  useful  method  for  diagnoses  and  therapy  of 
metastasized  cancer  has  been  developed.   We  have  succeeded  in  attaching  metal 
chelates  containing  radionuclides  to  tumor  cell  specific  monoclonal  antibodies 
in  such  a  way  that  neither  the  activity  nor  specificity  of  the  antibody  is 
adversely  affected.   These  labelled  antibodies  have  been  shown  to  localize 
specifically  in  tumor  tissues  in,  vivo.   ^  vitro  assays  reveal  that  antibody- 
antigen  binding  occurs  on  the  cell  specifically.   Methods  for  incorporating 
isotopes  suitable  for  therapy  of  tumor  cells  by  use  of  radiometal  chelate  con- 
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Project  Description 

Heretofore  many  relatively  non-specific  agents  have  been  used  to  transport 
radioisotopes  to  diseased  organs  or  other  entities  of  the  body.   The  agents 
include,  for  example,  colloids,  radiometal  chelates  or  radiopharmaceuticals. 
The  non-specific  nature  of  such  agents  may  result  in  distribution  throughout  the 
body  with  consequent  exposure  of  healthy  tissue  and  organs  to  unwanted  radiation 
if  the  agent  includes  a  radioisotope. 

It  was  the  object  of  this  project  to  provide  means  by  which  metals  may  be 
transported  to  specific  preselected  (targeted)  cell  sites  both  iji  vitro  and  in 
vivo. 

The  rationale  for  the  project  derives  from  properties  inherent  in  both 
monoclonal  antibodies  and  selected  metal  chelates.   Monoclonal  antibodies  by 
virtue  of  their  inherent  ability  to  selectively  recognize  and  bind  at  specific 
antigenic  sites,  become  localized.   Selected  metal  chelates,  such  as  radiometal 
chelates,  emit  radiation  that  is  useful  for  scanning  and/or  therapy.   It  has  now 
been  determined  that  radiometal  chelate  conjugated  monoclonal  antibodies  when 
properly  prepared  retain  both  the  useful  localizing  properties  (i.e.,  specificity 
and  activity)  of  the  antibody  and  the  useful  properties  of  the  chelated  metal 
which  is  retained  in  the  conjugate  even  after  the  antibody  binds  to  the  antigen. 
This  allows  scanning  and  therapy  to  be  performed  at  specific  and  selected  sites 
in  the  body  without  involvement  of  non-targeted  regions. 

Monoclonal  antibodies  are  immunoglobulins  of  well  defined  chemical  structure, 
in  contrast  to  polyclonal  antibodies  which  are  heterogeneous  mixtures  of  immuno- 
globulins which  vary  from  animal  to  animal.   Reproducibility  of  function  cannot 
be  controlled  for  either  polyclonal  or  autologous  antibodies  whereas  unaltered 
function  is  characteristic  to  monoclonal  antibodies.   Experimental  techniques 
for  obtaining  monoclonal  antibodies  have  been  extensively  discussed. 

The  metal  chelates  employed  for  this  project  are  derived  from  metal  ions 
and  organic  ligands.   The  ligands  possess  two  functionalities:   one  is  that  they 
bind  the  metal  ion  tightly  and  almost  irreversibly  in  vivo  or  in  vitro  under 
physiological  conditions;  the  other  is  that  the  chelate  ligand  with  or  without 
the  metal  ion  is  able  to  be  bonded  to  a  monoclonal  antibody  with  high  stability. 
The  conjugate  ligand  antibody  is  highly  stable  as  is  the  metal  ion-ligand-antibody 
conjugate.   If  the  metal  ion  chosen  is  radioactive,  the  conjugate  is  then  a  radio- 
metal chelate  conjugated  monoclonal  antibody.   Metal  ions  employed  will  frequently 
be  radioactive,  but  non-radioactive  metal  ions  may  also  be  utilized  for  diagnostic 
or  analytical  purposes.   Indeed,  for  safety  in  processing  and  shipment  it  may  be 
desirable  to  form  the  conjugate  without  a  metal  ion  or  with  a  non-radioactive 
metal  ion.   In  such  cases  the  radiometal  can  be  introduced  into  the  conjugate 
shortly  before  use. 

Radiometal  chelate  conjugated  monoclonal  antibodies  may  be  produced  by  two 
general  methods:   first  chelated  radiometal  complex  can  be  conjugated  to  the 
antibody,  or  the  radiometal  ion  may  be  added  to  the  antibody,  organic  ligand 
conjugate.   The  radiometal  chelated  conjugated  monoclonal  antibody  formed  by 
either  method  must  be  highly  stable  in  the  body. 
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Introduction  of  radiometal  chelate  conjugated  monoclonal  antibodies  into 
the  body  for  dignosis  or  therapy  was  accomplished  by  intraveneous  injection  in 
normal  saline,  for  example.   Any  other  method  of  introduction  of  the  radiometal 
chelate  conjugated  monoclonal  antibodies  could  also  be  employed. 

Scanning  of  the  localized  radiometal  chelate  conjugated  monoclonal  antibodies 
has  been  performed  by  using  an  Angier  camera.   A  positron  emission  tomograph  could 
also  be  used.   For  scanning  ^  vivo  a  gamma  or  positron  emitting  radiometal  would 
be  used  depending  on  the  chosen  method  of  detection.   For  the  purposes  of  therapy 
the  radiometal  chelate  conjugated  monoclonal  antibody  introduced  would  contain 
a  or  B  emitting  radiometals. 

The  particular  monoclonal  antibodies  used  thus  far  are:   P3x63Ag8  and 
103A5.   The  P3x63Ag8  myeloma  cell  can  be  purchased  from  Cell  Distribution  Center, 
The  Salk  Institute  of  Biological  Studies,  P.O.  Box  1809,  San  Diego,  California 
92112.   Monoclonal  antibody  103A5  was  obtained  by  fusing  NSl  myeloma  cells  with 
the  isolated  spleen  cells  of  mice  which  had  been  immunized  with  purified  retro- 
virus glycoprotein  of  70,000  daltons,  (gp70),  obtained  as  described  by  M.  Strand 
and  J.  T.  August,  J.  Biol.  Chem.  251,  559,  1976.   The  fusion  was  carried  out  as 
described  by  M.  Strand,  Proc.  Natl.  Acad.  Sci.  USA  _77,  3234,  1980. 

Three  classes  of  chelates  were  chosen  for  initial  investigation  as  ligands 
for  antibody  coupling.   They  are  bifunctional  derivatives  of  EDTA,  DTPA,  and  the 
cryptates.   The  DTPA  conjugates  of  ^^^In,  ^^Ga,  and  indeed  all  smaller  metal  ions, 
proved  unstable.   The  cryptate  complexes  were  too  hard  to  prepare  to  be  used  for 
initial  experiments.   Therefore,  various  bifunctional  EDTA's  were  synthesized  and 
shown  to  be  useful.   Current  studies  employ  chelates  that  bond  to  the  antibody 
via  an  amide  link  to  c-lysine  or  a  diazo  bond  to  tyrosine  and  histidine  aromatic 
rings. 

Excellent  images  of  diseased  spleen  of  mice  ill  with  viral  induced  leukemia 
were  obtained.   In  normal  mice,  no  localization  of  antibody  was  observed.   Clear 
and  distinct  pictures  of  the  spleen  were  seen  with  a  signal-to-noise  of  "^10-20 
to  1.   These  results  stand  in  stark  contrast  to  those  obtained  with  iodinated 
antibodies.   Iodine  is  easily  lost  from  antibody  tyrosines  and  concentrates  in 
the  stomach.   It  is  now  experimentally  proved  that  metal  chelate  antibody  imaging 
will  be  useful  whereas  iodinated  antibodies  give  images  characteristic  prin- 
cipally of  injected  sodium  iodide. 

Publications:   None 
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Objectives : 

The  aim  of  this  research  is  to  improve  our  understanding  of  the  nature  and 
functional  significance  of  a  variety  of  dynamical  processes  (internal  motions  and 
conformation  changes  in  macromolecules ,  kinetics  of  association  reactions,  etc.). 

Methods  Employed: 

The  project  is  theoretical  in  nature  and  is  closely  tied  to  experiment. 

Major  Findings: 

I.   Nuclear  Magnetic  Relaxation  and  Fluorescence  Depolarization 

A  major  thrust  of  our  work  is  directed  towards  developing  the  theory  re- 
quired to  extract  detailed  motional  information,  on  a  molecular  level,  from 
nuclear  magnetic  relaxation  and  time-resolved  fluorescence  depolarization  studies 
of  membranes,  nucleic  acids  and  proteins. 

One  of  our  approaches  is  based  on  the  explicit  formulation  of  dynamical 
models  of  increasing  sophistication.   In  applications  to  experimental  data  we 
place  special  emphasis  on  the  uniqueness  of  the  information  extracted.   Recently 
we  considered  the  implications  of  multinuclear  magnetic  relaxation  data  on  the 
nature  of  internal  motions  in  DNA.   We  first  derived  expressions  for  the  relax- 
ation times  for  two  different  (a  jump  and  a  restricted  diffusion)  models  for 
internal  motion.   To  do  this,  we  developed  a  new  and  accurate  approximation 
scheme  for  the  evaluation  of  the  required  correlation  functions.   In  the  course 
of  this  stage  of  the  work  we  found  (and  corrected)  an  error  in  the  formulation  of 
the  jump  model  given  previously  in  the  literature.   We  then  carried  out  a  detailed 
and  careful  analysis  of  the  existing  relaxation  data.   We  showed  that  the  data 
cannot  be  uniquely  interpreted  and  they  are  consistent  with  several  physical 
pictures  of  the  internal  motion.   However,  all  the  models  we  have  considered  imply 
the  existence  of  large  amplitude  internal  motions  on  the  nanosecond  time  scale. 
As  more  extensive  data  at  different  magnetic  fields  become  available,  our  models 
will  prove  useful  in  their  analysis  and  a  coherent  physical  picture  of  the  internal 
motions  of  polynucleotides  should  emerge. 

Currently  we  are  involved  in  developing  a  new  approach  to  the  interpretation 
of  NMR  relaxation  in  macromolecules.   This  approach  avoids  the  explicit  use  of  a 
particular  model.   We  claim  that  all  the  unique  information  contained  concerning 
fast  internal  motions  in  the  NMR  relaxation  times  can  be  described  by  two  para- 
meters: (1)  an  effective  correlation  time  (t)  which  is  the  measure  of  the  rate  of 
motion  and  (2)  a  generalized  order  parameter  S^  which  is  a  measure  of  the  spatial 
restriction  of  our  motion.   We  are  testing  this  idea  by  generating  "experimental" 
data  using  sophisticated  models  where  x  and  S*^  are  known  exactly.   We  then  analyze 
such  data  using  a  fitting  procedure  to  extract  S^  and  x.   In  the  case  that  the 
internal  motions  are  fast,  we  can  not  only  accurately  fit  the  data  but,  more  im- 
portantly, the  S^  and  x  we  obtain  agree  extremely  well  with  the  known  exact  values. 
It  appears  at  this  stage  that  we  have  found  an  answer  to  the  question:  What  is  the 
unique  information  content  of  NMR  relaxation  data  on  proteins  in  solution?   Having 
established  the  validity  of  our  approach,  we  are  beginning  an  exhaustive  analysis  . 
of  available  experimental  data. 
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II.  Kinetics  of  Ligand  Binding  to  Macromolecules 

The  binding  of  oxygen  to  myoglobin,  the  formation  of  enzyme-substrate  com- 
plexes and  the  binding  of  hormones  to  cell  surfaces  are  examples  of  bimolecular 
reactions  between  asymmetric  species.   In  order  to  describe  the  diffusion-control- 
led association  rate  of  such  reactions,  the  classical  Smoluchowski  theory  must  be 
extended  to  handle  molecules  which  are  not  uniformly  reactive  over  their  surfaces. 

We  have  developed  a  new  approach  to  calculating  association  constants  for 
partially  diffusion  limited  reactions  between  asymmetric  species  (e.g.  the  ligand 
binding  site  of  a  macromolecule  cover  only  a  portion  of  its  surface).   A  large 
class  of  problems  can  be  analytically  solved  using  our  method.   We  take  into 
account  both  the  translational  and  rotational  diffusion  of  the  reactants.   The 
basic  idea  of  our  approach  is  to  describe  the  reactive  encounter  by  a  novel  set  of 
boundary  conditions.   Specifically,  we  require  the  flux  of  ligands  to  be  a  constant 
over  the  reactive  part  of  the  macromolecular  surface  and  zero  over  the  remainder. 
We  determine  the  magnitude  of  this  constant  (which  is  related  to  the  rate)  by 
requiring  the  ligand  concentration  to  be  zero  on  the  average  over  the  angular  range 
that  the  reaction  can  take  place. 

Using  our  method,  we  analytically  solved  several  models  and  quantitative  in- 
vestigated the  influence  of  rotational  diffusion,  orientation  constraints  and  the 
degree  of  diffusion  control  on  the  reaction  rates.   One  of  the  models  studied  is 
appropriate  for  the  description  of  the  binding  of  a  small,  essentially  uniformly 
reactive,  ligand  to  a  macromolecule  with  a  localized  reactive  site  on  its  other- 
wise inert  surface.   We  show  that  the  diffusion  controlled  rate  is  significantly 
larger  than  that  would  be  naively  expected  (and  in  fact  previously  used  by  several 
workers)  from  surface  area  considerations  (i.e.  by  multiplying  the  rate  for  a 
uniformly  reactive  macromolecule  by  the  fraction  of  its  surface  area  that  is 
reactive) . 

Currently  we  are  extending  this  work  in  several  directions.   First,  we  are 
trying  to  obtain  diffusion  controlled  rates  for  the  situation  when  both  of  the  re- 
actants are  asymmetric.   Second,  we  are  considering  competitive  binding  to  a  cell 
with  a  large  number  of  receptors  and  third,  we  are  studying  the  time-dependent 
aspects  (not  just  the  steady-state  rate  constants)  of  ligand  binding. 

III.  Cooperative  Binding  of  Oligomers  to  DNA 

Using  an  ingenious  approach  based  on  conditional  probabilities  McGhee  and 
von  Hippel  in  1974  considered  the  cooperative  binding  of  symmetric  n-mers  to  an 
infinite  DNA  strand.   They  obtained  an  implicit,  closed-form  expression  for  the 
fraction  of  bound  sites  which  is  convenient  for  constructing  Scatchard  plots.   As 
a  result  of  numerical  studies  and  examination  of  special  cases,  it  appears  that 
their  final  expression  is  exact.   However,  this  is  by  no  means  clear  from  their 
derivation.   Moreover,  because  of  the  intricacy  of  the  arguments  they  use,  their 
approach  is  difficult  to  generalize  (e.g.  to  asymmetric  oligomers).   There  exist  a 
manifestly  exact  approach  (the  so-called  matrix  method)  for  treating  binding 
problems.   However,  at  first  sight,  this  powerful  method  appears  hopelessly  com- 
plicated when  applied  to  the  above  problem.   We  have  been  able  to  circumvent  these 
apparent  difficulties  and  have  shown  that  we  can  recover  the  McGhee  and  von  Hippel 
results  in  a  straightforward  and  simple  way.   Moreover,  we  are  able  to  treat  finite 

5^5 


ZOl-AM-29019-Ol-LCP 

as  well  as  infinite  lattices  in  a  unified  way.   Now  that  we  have  this  powerful 
formalism  at  our  disposal,  we  are  considering  a  variety  of  more  complicated  models 
describing  the  binding  of  a  variety  of  ligands  to  F-actin. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  theoretical  approaches  developed  in  the  course  of  these  studies  allow  one 
to  extract  the  full  implications  of  a  variety  of  experiments  dealing  with  dynamical 
processes  occurring  in  macromolecules.   Thus,  they  should  lead  to  a  better  under- 
standing of  the  nature  and  functional  significance  of  these  processes. 

Proposed  Course  of  Project: 

The  future  direction  of  the  various  parts  of  the  project  has  been  indicated 
above. 

Publications : 

Lipari,  G.  and  Szabo,  A.:   Pad^  approximants  to  correlation  functions  for  re- 
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Lipari,  G.  and  Szabo,  A.:   Nuclear  magnetic  resonance  relaxation  in  nucleic  acid 
fragments:  Models  for  internal  motion.  Biochemistry  (in  press). 

Shoup ,  D.,  Lipari,  G.  and  Szabo,  A.:   Diffusion-controlled  biomolecular  reaction 
rates  :  The  effect  of  rotational  diffusion  and  orientation  constraints,  Biophysical 
J.  (submitted). 
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matrix  approach.   Biopolymers  (submitted). 
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ANNUAL  REPORT  OF  THE  LABORATORY  OF  BIOORGANIC  CHEMISTRY 
NATIONAL  INSTITUTE  OF  ARTHRITIS,  DIABETES,  DIGESTIVE  AND  KIDNEY  DISEASES 

SECTION  ON  OXIDATION  MECHANISMS 

Enzymatic  Oxidation  of  Drugs  to  Toxic  and  Carcinogenic  Metabolites 

Previous  annual  reports  from  this  Section  have  described  a  systematic 
approach  to  the  study  of  the  cytotoxicity,  mutagenicity,  and  carcinogenicity  of 
the  ubiquitous  environmental  carcinogen  benzo [ajpyrene  (BP) .  Briefly  these 
studies  have  consisted  of  i)  synthesis  of  as  many  known  and  potential  oxidative 
metabolites  as  was  possible,  ii)  study  of  the  metabolism  of  the  hydrocarbon 
with  these  authentic  standards  in  hand,  iii)  testing  of  these  compounds  for 
cytotoxic  and  mutagenic  activity  with  bacterial  and  mammalian  cells  both  in  the 
presence  and  in  the  absence  of  added  drug  metabolizing  systems  such  as  cyto- 
chrome P-450  and  epoxide  hydrolase,  and  iv)  evaluation  of  the  carcinogenicity 
of  these  synthetic  standards  in  several  animal  models.  These  studies  provided 
evidence  which  indicated  that  (+)-7p, 8a-dihydroxy-9a, lOa-epoxy-7 ,8 ,9 , 10-tetra- 
hydrobenzo [ajpyrene  is  the  most  potent  carcinogenic  metabolite  of  benzo[a]- 
pyrene.  With  the  first  identification  of  an  ultimate  carcinogenic  form  for  any 
member  of  the  polycyclic  aromatic  hydrocarbon  class  of  carcinogens,  we  formu- 
lated the  "bay-region"  theory  which  predicts  that  diol  epoxides  that  have  the 
epoxide  group  in  the  bay-region  of  the  hydrocarbon  will  be  the  most  chemically 
reactive  and  presumably  biologically  active  for  those  hydrocarbons  which  are 
tumorigenic.  To  date  studies  from  our  laboratory  as  well  as  several  other 
laboratories  around  the  world  have  either  proved  or  implicated  bay-region  diol 
epoxides  as  ultimate  carcinogens  for  benz [a] anthracene ,  7-methylbenz [a] - 
anthracene,  7  ,  12-dimethylbenz [a Janthracene  ,  3-methylcholanthrene ,  dibenzo [a ,h] - 
anthracene,  chrysene,  5-m^thyIchrysene ,  benzo [ c]phenanthrene ,  and  certain 
methylated  cyclopentaphenanthrenes .  The  theory  has  stimulated  considerable 
research  in  the  field,  all  of  which  has  been  supportive  of  our  initial  concepts. 
Significant  exceptions  to  the  theory  have  yet  to  emerge. 

One  aspect  of  hydrocarbon  induced  carcinogenesis  which  the  bay-region 
theory  made  no  attempt  to  take  into  account  is  that  of  relative  and  absolute 
stereochemistry  of  ultimate  carcinogens.  Much  of  our  current  efforts  have 
addressed  this  question.  Studies  of  the  dihydrodiols  and  resultant  bay-region 
diol  epoxides  formed  by  liver  microsomes  from  phenanthrene  and  chrysene  have 
shown  that  these  molecules  are  all  superimposable  with  the  corresponding 
benzo [a]pyrene  metabolites  when  their  bay-regions  are  aligned.  In  the  benzo- 
[a]pyrene  case,  only  one  of  four  bay-region  7 ,8-diol-9 , 10-oxides  exhibited 
strong  tumorigenic  activity,  the  predominant  metabolically  formed  isomer. 
Experiments  have  been  initiated  to  determine  if  this  same  isomer  is  also  the 
active  form  from  chrysene  and  benz[a]  anthracene .  Should  this  prove  to  be  the 
case,  the  results  would  be  suggestive  that  there  is  a  highly  chiral  "receptor" 
for  hydrocarbon  carcinogens  within  the  cell. 

Benzo [a]pyrene  (BP) .  For  BP  and  other  hydrocarbons,  the  metabolic  sequence 
which  leads  to  their  ultimate  carcinogens  consists  of  formation  of  a  benzo-ring 
arene  oxide  by  cytochrome  P-450,  hydration  of  this  arene  oxide  to  a  trans 
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dihydrodiol  by  epoxide  hydrolase,  and  subsequent  epoxidation  of  its  bay-region 
double  bond  by  cytochrome  P-450  to  form  a  bay-region  diol  epoxide.  Previous 
annual  reports  have  described  the  synthesis  and  testing  of  the  enantiomers  of 
the  BP  7 ,8-dihydrodiol  and  the  four  isomers  of  the  7 ,8-diol-9 , 10-epoxides . 
Optically  pure  samples  of  (+)-  and  (-) -benzo (a Jpyrene  7,8-oxide  have  now  been 
synthesized  from  the  separated  diastereoisomers  of  trans-8-bromo-7-menthyloxy- 
acetoxy-7 ,8,9 , 10-tetrahydrobenzo[a]pyrene.  The  latter  separation  was  effected 
by  short-column  chromatography-recrystallization  or  high  pressure  liquid 
chromatography.  The  absolute  stereochemistry  of  ( +)-trans-8-bromo-7-menthyl- 
oxyacetoxy-7  ,8 ,9  ,  10-tetrahydrobenzo  [a  Jpyrene  has  been  assigned  as  (7S,8S)  by  an 
x-ray  crystal  structure  analysis;  this  structure  has  in  turn  been  unequivocally 
correlated  with  the  stereochemistry  of  (7S ,8R)-(-)-benzo[a]pyrene  7,8-oxide  and 
the  7 ,8-dihydrodiol .  Notably,  the  x-ray  assigmnent  agrees  with  our  previous 
spectroscopic  assignments  in  this  series. 

The  (+)-  and  (-)-enantiomers  of  benzo [a Jpyrene  7,8-oxide  are  hydrated 
stereospecif ically  at  C-8  to  (-)-  and  (+) -trans-7 ,8-dihydroxy-7 , 8-dihydro- 
benzo ( a Jpyrene ,  respectively,  by  rat  hepatic  epoxide  hydrolase.  The  (-)- 
enantiomer  of  benzo [a Jpyrene  7,8-oxide  is  metabolized  by  microsomal  epoxide 
hydrolase  at  a  rate  3-  to  4-fold  greater  than  the  (  +  ) -enantiomer .  At  low 
conversion  of  racemic  substate,  however,  benzo [a Jpyrene  7,8-oxide  is  meta- 
bolized to  the  dihydrodiol  at  a  rate  equal  to  that  of  the  (  +  )-enantiomer .  An 
analysis  of  the  enantiomeric  composition  of  the  dihydrodiol  formed  from  the 
racemic  substrate  revealed  preferential  formation  of  (-)-trans-7 ,8-dihydroxy- 
7 ,8-dihydrobenzo [ a Jpyrene .  At  low  substrate  conversion  (<20%  metabolism),  the 
enantiomeric  purity  of  the  dihydrodiol  was  much  higher  than  at  high  substrate 
conversion  (>50%  metabolism).  Similar  results  were  obtained  with  microsomes 
from  hamster,  rabbit,  guinea  pig,  mouse,  and  human  liver.  These  results  indi- 
cate that  epoxide  hydrolase  has  a  higher  affinity  for  (+) -benzo [a Jpyrene  7,8- 
oxide  than  for  the  (-)-enantiomer .  The  kinetics  of  hydration  of  (  +  )-  and 
(-)-benzo[a Jpyrene  7,8-oxide  by  purified  epoxide  hydrolase  in  detergent  solu- 
tion showed  the  (+)-  and  (-)-enantiomers  to  have  apparent  K  values  of  1.7  and 
<20  |jM,  respectively.  Tumorigenicity  studies  with  benzofa Jpyrene  7,8-oxide  on 
mouse  skin  and  in  newborn  mice  revealed  that  (+)-benzo [ a Jpyrene  7,8-oxide,  the 
metabolic  precursor  of  the  more  tumorigenic  (  -)-7 ,8-dihydrodiol ,  is  signifi- 
cantly more  tumorigenic  than  the  (-)-enantiomer .  However,  racemic  benzo(aJ- 
pyrene  7,8-oxide  was  more  tumorigenic  than  either  enantiomer  alone,  indicating 
an  enantiomeric  synergism  in  the  carcinogenicity  of  benzoja Jpyrene  7,8-oxide. 

Such  synergism  for  biological  effects  does  have  precedent.  Previous 
studies  of  the  mutagenic  activity  of  (+)-  and  (-)-BP  4,5-oxide  had  shown  that 
racemic  material  was  more  active  than  either  enantiomer.  Present  studies  have 
established  the  absolute  stereochemistry  of  these  enantiomers.  Racemic  BP 
4,5-dihydrodiol  was  converted  into  its  diastereomeric  bis  esters  with  (-)- 
menthoxyacetic  acid,  and  the  bis  esters  were  separated  by  HPLC .  Preliminary 
assignment  of  absolute  stereochemistry  was  achieved  by  examination  of  the  NMR 
spectra  of  the  diesters  in  benzene.  Further  application  of  the  exciton  chiral- 
ity  technique  to  partially  reduced  derivatives  of  the  dihydrodiol  enantiomers 
established  that  the  (+)-dihydrodiol  had  (R ,R)-absolute  configuration.  With 
knowledge  of  the  fact  that  epoxide  hydrolase  selectively  hydrates  (+)-BP  4,5- 
oxide  to  the  (+)-dihydrodiol  by  selective  attack  of  water  at  the  4-position,  it 
was  possible  to  assign  the  (+)-oxide  as  having  (4S,5R)  absolute  configuration. 
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metabolism  of  benzo[a]pyrene  and  benzo [a] anthracene ,  liver  microsomal  enzymes 
display  high  stereoselectivity  in  their  formation  of  predominantly  one  of  four 
possible  stereoisomers  of  their  respective  bay-region  diol  epoxides.  These 
diol  epoxides  from  the  four  hydrocarbons  are  sumperimposable  when  their  bay- 
regions  are  aligned. 

Metabolism  of  biosynthetic  (-) -trans- (3R,4R)-dihydroxy-3,4-dihydrochrysene 
by  liver  microsomes  from  control,  phenobarbital-treated  and  3-methylchol- 
anthrene-treated  rats  was  investigated.  Although  previous  studies  of  the 
metabolism  of  related  benzo [ajpyrene  and  benzo [ejpyrene  dihydrodiols  which  also 
prefer  the  diaxial  conformation  had  indicated  that  diol  epoxides  were  minor 
metabolites,  the  diastereomeric  chrysene  3 ,4-diol-l ,2-epoxides-l  and  -2  were 
major  metabolites  (66-90%).  All  three  types  of  microsomes  metabolized  the 
chrysene  3 ,4-dihydrodiol  at  low  but  essentially  similar  rates  (0.5-0.7  rnnol 
substrate/  nmol  cytochrome  P-450/min) . 

Benzo [cjphenanthrene  (B[c]Ph).  The  mutagenic  activity  of  B[c]Ph  and  some  of 
its  known  and  potential  metabolites  was  evaluated  in  bacterial  and  mammalian 
cells  either  in  the  presence  or  absence  of  a  metabolic  activation  system.  The 
3 ,4-dihydrodiol  was  metabolized  by  a  cytochrome  P-450-dependent  monooxygenase 
system  to  products  which  were  severalfold  more  mutagenic  to  strains  TA98  and 
TAIOO  of  Salmonella  typhimurium  than  were  the  metabolic  products  formed  from 
B[c]Ph  or  its  1,2-  or  5 ,6-dihydrodiols .  When  the  double  bond  in  the  1,2- 
position  of  the  3 ,4-dihydrodiol  was  replaced  by  a  single  bond,  the  resulting 
tetrahydrodiol  could  not  be  metabolically  activated,  suggesting  that  one  or 
both  diastereomeric  bay-region  diol  epoxides  was  the  bioactivated  metabolite  of 
the  3 ,4-dihydrodiol .  Both  of  these  bay-region  diol  epoxide  diastereomers  were 
highly  mutagenic  in  bacterial  and  mammalian  cells  and  were  very  poor  substrates 
for  epoxide  hydrolase.  (+)-3a,4p-Dihydroxy-ip,2p-epoxy-l ,2 ,3,4-tetrahydro- 
benzo[c]phenanthrene  (diol  epoxide-1),  in  which  the  epoxide  oxygen  and  the 
benzylic  hydroxyl  group  are  cis,  induced  histidine  prototrophy  in  strains  TA98 
and  TAIOO  of  S^  typhimurium  at  a  mutation  rate  of  100  and  2700  revertants/nmol , 
respectively.  A  1  pM  concentration  of  this  diol  epoxide  killed  one-half  of  the 
treated  Chinese  hamster  V79  cells  and  induced  muiations  in  the  surviving  cells 
at  a  rate  of  100  8-azaguanine-resistant  cells/10  surviving  cells.  (+)-3a,4p- 
Dihydroxy-la,2a-epoxy-l ,2 ,3, 4, -tetrahydrobenzo[ cjphenanthrene  (diol  epoxide-2) , 
in  which  the  epoxide  oxygen  and  the  benzylic  hydroxyl  group  are  trans ,  had  from 
SO  to  250%  of  the  mutagenic  and  cytotoxic  activity  of  its  diastereomer .  These 
data  strongly  suggest  that  in  species  capable  of  the  appropriate  metabolic 
transformations,  the  3 ,4-dihydrodiol  and  one  or  both  of  its  diastereomeric 
bay-region  diol  epoxides  are  proximate  and  ultimate  carcinogens,  respectively. 
Notably,  the  B[c]Ph  bay-region  diol  epoxides  have  mutagenic  activity  which  is 
similar  to  that  of  the  BP  isomers  despite  large  predicted  differences  in 
chemical  reactivity. 

B[c]Ph,  its  three  metabolically  possible  trans-dihydrodiols ,  and  the 
diastereomeric  bay-region  diol  epoxides  derived  from  trans -3 ,4-dihydroxy-3 ,4- 
dihydrobenzo [cjphenanthrene  were  tested  for  tumor-initiating  activity  on  mouse 
skin.  A  single  topical  application  of  0.4  or  2.0  |Jmol  of  compound  was  followed 
seven  days  later  by  twice-weekly  applications  of  the  tumor  promotor  12-0-tetra- 
decanoylphorbol-13-acetate  for  20  weeks.  B[cjPh  was  found  to  be  a  weak  tumor 
initiator  on  mouse  skin,  producing  a  17-38%  tumor  incidence  and  0.17  to  0.59 
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Thus,  metabolism  of  BP  by  the  cytochrome  P-450  system  at  the  4,5-  and  7,8- 
positions  occurs  by  attack  on  opposite  faces  of  the  hydrocarbon. 

Benzo [e]pyrene  (B[e]P).  Although  isomeric  and  closely  related  in  structure  to 
benzo [a ]pyrene ,  B(e]P  is  an  extremely  weak  carcinogen.  In  the  previous  report, 
we  had  speculated  that  the  low  activity  of  B[e]P  was  due  in  part  to  the  very 
low  extent  of  conversion  of  the  hydrocarbon  to  its  bay-region  diol  epoxides  and 
in  part  to  the  unusual  quasi-diaxial  conformation  of  its  bay  -region  diol 
epoxides  which  was  thought  to  inhibit  their  mutagenic  activity.  Tumorigenic 
activity  of  the  B[e]P  bay-region  diol  epoxides  have  now  been  evaluated  in  the 
newborn  mouse  tumor  model  with  the  finding  that  both  of  the  diastereomeric  diol 
epoxides  have  only  very  weak  ability  to  induce  pulmonary  and  hepatic  tumors. 
Thus,  we  continue  to  believe  that  the  quasi-diaxial  conformation  of  the 
hydroxyl  groups  in  these  molecules  is  responsible  for  their  low  biological 
activity.  The  studies  represent  the  only  known  example  where  conformation 
affects  tumorigenic  response. 

Not  only  do  liver  microsomes  form  but  small  amounts  of  B[e]P  9,10-di- 
hydrodiol,  but  also  this  dihydrodiol  is  ineffectively  converted  to  bay-region 
diol  epoxides.  The  quasi-diaxial  nature  of  the  dihydrodiol  may  be  partly 
responsible  for  this  as  it  makes  the  dihydrodiol  unusually  polar  and  bulky. 
The  extent  to  which  the  dihydrodiol  is  converted  to  diol  epoxides  has  now  been 
found  to  be  species  dependent;  >60%  with  hamster  liver  microsomes  and  <5%  with 
mouse  or  human  liver  microsomes.  Furthermore,  the  presence  of  7 ,8-benzof lavone 
in  the  incubation  medium  markedly  enhances  the  extent  to  which  the  diol  epoxi- 
des are  formed.  Such  alternations  in  metabolism  may  constitute  the  cocarcino- 
genic  effects  induced  by  certain  compounds. 

Phenanthrene  and  Chrysene.  Liver  microsomal  metabolism  of  the  weak  carcinogen 
chrysene  and  the  noncarcinogen  phenanthrene  have  been  compared.  In  general, 
chrysene  is  a  rather  poor  substrate  whereas  phenanthrene  is  a  relatively  good 
substrate  for  the  cytochrome  P-450-dependent  monooxygenase  system.  With  micro- 
somes from  3-methylcholanthrene-treated  rats,  phenanthrene  was  metabolized  at  a 
rate  of  7.6  nmoles/min/nmol  of  cytochrome  P-450  as  compared  with  a  rate  of  only 
1.5  with  chrysene  as  substrate.  Dihydrodiols  were  major  metabolites  for  both 
substrates,  accounting  for  92-96%  of  the  metabolism  of  phenanthrene  and  65-76% 
of  the  metabolism  of  chrysene  with  microsomes  from  control  and  treated  rats. 
The  K-region  9 , 10-dihydrodiol  is  the  major  metabolite  of  phenanthrene,  whereas 
the  benzo-ring  1,2-  and  3 ,4-dihydrodiols  dominate  the  metabolism  of  chrysene 
from  which  very  little  K-region  dihydrodiol  was  formed.  For  both  hydrocarbons, 
microsomes  from  3-methylcholanthrene-treated  rats  produced  the  (-)-(lR,2R)- 
dihydrodiol,  which  has  a  bay-region  double  bond,  with  >80%  enantiomeric  purity. 
With  microsomes  from  phenobarbital-treated  rats,  the  chrysene  1 ,2-dihydrodiol 
was  only  10%  enantiomerically  pure.  The  (-)-(3R,4R)-dihydrodiols  were  the 
major  enantiomers  of  phenanthrene  and  chrysene,  whereas  the  (-)- (9S , 10S)-di- 
hydrodiol  predominated  at  the  K-region  of  phenanthrene.  Metabolism  of  the 
metabolically  formed  (-)- ( IR , 2R)-dihydrodiols  of  phenanthrene  and  chrysene  by 
microsomes  from  3-methylcholanthrene-treated  rats  resulted  in  the  predominant 
formation  in  each  case  of  a  bay-region  1 ,2-diol-3 ,4-epoxide  in  which  the 
benzylic  hydroxyl  group  and  oxirane  oxygen  are  trans  to  each  other  (diol 
epoxide-2),  vide  infra .  The  respective  1 ,2-dihydrodiols  were  metabolized  at 
the  same  rate  as  was  chrysene.   Thus,  as  had  previously  been  observed  for  the 
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papilloma/mouse  at  the  0.4-  and  2.0-|Jmol  doses,  respectively.  Of  the  three 
metabolically  possible  trans-dihydrodiols  of  B[c]Ph,  only  the  3 ,4-dihydrodiol 
had  significant  tumor-initiating  activity  at  the  doses  tested.  This  compound 
produced  a  29-47%  tumor  incidence  and  0.41  to  1.07  tumors/mouse  at  the  0.4-  and 
2.0-|Jmol  doses,  respectively.  Comparisons  of  the  number  of  papillomas  observed 
per  mouse  indicated  that  both  diastereomeric  3 ,4-dihydroxy-l ,2-epoxy-l ,2 ,3 ,4- 
tetrahydroben2o[c]phenanthrenes  in  which  the  epoxide  oxygen  is  either  cis  (diol 
epoxide-1)  or  trans  (diol  epoxide-2)  to  the  benzylic  4-hydroxyl  group  were  at 
least  40-fold  more  tumorigenic  than  was  the  parent  hydrocarbon.  The  bay-region 
diol  epoxides  of  B[c]Ph  produced  6.5  to  7.0  papillomas/mouse  at  the  0.4-|Jmol 
dose,  and  the  first  appearance  of  tumors  was  observed  as  early  as  six  weeks 
after  the  beginning  of  promotion.  This  is  the  first  example  of  high  tumori- 
genic activity  for  a  bay-region  diol  epoxide-1  diastereomer  of  a  polycyclic 
aromatic  hydrocarbon,  and  both  diastereomeric  bay-region  diol  epoxides  of 
B[c]Ph  are  more  potent  tumor  initiators  than  are  the  bay-region  diol  epoxides 
derived  from  BP  and  benzo [ajanthracene .  Two  model  compounds,  1,2-dihydro- 
benzo[c]phenanthrene  and  trans -3 ,4-dihydroxy-l ,2,3 ,4-tetrahydrobenzo[c] - 
phenanthrene,  which  cannot  be  metabolized  to  bay-region  diol  epoxides  of 
B[c]Ph,  were  found  to  be  inactive  as  tumor  initiators  on  mouse  skin.  These 
results  support  the  concept  that  a  bay-region  diol  epoxide  is  a  prime  candidate 
for  an  ultimate  carcinogenic  metabolite  of  B[c]Ph. 

Epoxide  Hydrolase.  The  kinetic  properties  of  microsomal  and  purified  epoxide 
hydrolase  toward  K-region  arene  oxide  substrates  have  been  investigated  by  a 
direct  spectrophotometric  technique.  The  kinetic  mechanism  of  the  membrane- 
bound  and  purified  enzymes  was  studied  with  phenanthrene  9,10-oxide  as  the 
substrate.  The  catalytic  rate  constant  (k  )  and  Michaelis  constant  (K  )  for 
the  hydration  of  the  substrate  were  0.55  s  and  1.1  pM  for  the  microsomal 
enzyme  and  0.61  s  and  1.8  |JM  for  the  purified  enzyme.  The  temperature  de- 
pendence of  k  for  both  preparations  was  similar,  suggesting  that  the  active 
sites  of  the  two  enzymes  are  indistinguishable  with  respect  to  the  kinetic  and 
thermodynamics  of  hydration  of  phenanthrene  9,10-oxide.  The  pH  dependence  of 
k  indicated  that  the  decomposition  of  the  enzyme  substrate  complex  to  products 
is  dependent  on  an  ionization  with  an  apparent  pK  of  6.7  Furthermore,  a 
kinetic  solvent  isotope  effect  of  k  (H  0)/k  (DO)  =  1.52  and  a  negative  entropy 
of  activation  of  k  were  found.  These  data  are  consistent  with  a  mechanism 
involving  general  base  catalysis  of  the  nucleophilic  addition  of  water  to 
epoxides  by  a  histidine  residue  at  the  active  site. 

Nonionic  detergents,  which  were  necessary  to  solubilize  highly  lipophilic 
substrates,  inhibit  the  action  of  epoxide  hydrolase.  The  relatively  water- 
soluable  substrate,  phenanthrene  9,10-oxide,  was  used  to  probe  the  mechanism  of 
the  inhibition.  Both  detailed  kinet-'.c  studies  and  direct  binding  experiments 
indicated  that  a  simple  mechanism  involving  substrate  sequestration  by  de- 
tergent micelles  was  sufficient  to  explain  the  inhibition.  Epoxide  hydrolase 
was  found  to  exhibit  a  marked  enantiomeric  selectivity  toward  the  chiral  K- 
region  arene  oxides,  benzo [a]pyrene  4,5-oxide,  benzo[a]anthracene  5,6-oxide, 
and  3-bromophenanthrene  9,10-oxide,  in  detergent  solution.  The  40-fold  differ- 
ence in  the  rate  of  hydration  of  (+)-  and  (-)-benzo [a]pyrene  4,5-oxide  may  be 
of  particular  importance  in  the  biological  activity  of  this  highly  mutagenic 
K-region  arene  oxide. 
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The  enantioselectivity  of  native  and  purified  hepatic  microsomal  epoxide 
hydrolase  toward  one  symmetrical  arene  oxide,  phenanthrene  9,10-oxide,  and  the 
resolved  enantiomers  of  the  three  chiral  arene  oxide  substrates,  benzo [a Jpyrene 
A, 5-  and  7,8-oxide  and  benzo[a]anthracene  5,6-oxide  was  examined.  A  model 
lipid  system  of  nonionic  detergent  micelles  was  used  to  solubilize  both  sub- 
strates and  products.  The  enantioselectivity  of  purified  epoxide  hydrolase  in 
micellar  solution  was  essentially  the  same  as  the  microsomal  enzyme  in  the 
absence  of  detergent.  Regioselectivity  of  the  enzyme  was  determined  by  a  gas 
chromatographic-mass  spectrometric  procedure  in  which  bis-trif luoroacetates  of 
the  dihydrodiols  were  pyrolyzed  to  trifluoroacetylphenolsL  to  locate  the  posi- 
tion of  the  enzyme-catalyzed  incorporation  of  0  from  H  0  into  the  dihydro- 
diol.  Correlation  of  the  enantio-  and  regioselectivity  data  with  the  known 
absolute  configuration  of  the  dihydrodiols  permitted  the  assignment  of  (4S,5R) 
and  (5S,6R)  absolute  configurations  to  (+)-benzo[a]pyrene  4,5-  and  (+)-benzo[a ] - 
anthracene  5,6-oxide,  respectively.  A  kinetic  analysis  of  the  hydration  of 
arene  oxide  substrates  in  micellar  solution  demonstrated  kinetic  discrimination 
of  the  enzyme  toward  substrate  enantiomers. 

Synthetic  Studies.  To  date,  five  arene  oxides  have  been  prepared  in  optically 
active  form  and  have  been  found  to  be  optically  stable.  Recent  molecular 
orbital  calculations  by  Boyd  and  Stubbs  have,  however,  indicated  that  certain 
arene  oxides  may  not  be  optically  stable  but  might  undergo  racemization  via 
their  oxepin  forms.  To  this  end,  we  have  prepared  an  optically  pure  precursor 
to  phenanthrene  3,4-oxide.  When  the  precursor  was  converted  to  the  desired 
arene  oxide,  the  product  was  found  to  have  very  low  optical  activity  which 
decreased  to  zero  in  a  short  period  of  time.  In  addition  to  the  theoretical 
significance  of  this  observation,  there  is  considerable  practical  importance  to 
the  study  of  the  enantiospecif icity  of  the  cytochromes  P-450  since  initially 
optically  active  arene  oxides  could  racemize  prior  to  hydration  with  water  or 
capture  by  glutathione. 

Substitution  of  fluorine  on  a  polycyclic  aromatic  hydrocarbon  has  the 
effect  of  either  blocking  or  greatly  retarding  the  rate  at  which  cytochrome 
P-450  forms  an  arene  oxide  at  the  substituted  formal  double  bond.  Thus, 
fluorine  substitution  provides  a  useful  probe  to  determine  the  sites  at  which  a 
polycyclic  hydrocarbon  is  metabolically  activated;  i.e.,  a  simple  means  by 
which  the  bayregion  theory  can  be  tested.  We  have  now  completed  the  synthesis 
of  7-,  12-,  and  7 ,  12-f luorinated  benzo [ a Janthracenes  by  a  novel  anodic  fluori- 
nation  procedure.  In  addition,  1-,  2-,  3-,  4-,  and  6-f luorobenzo[c]phen- 
anthrenes  have  been  prepared  by  photocyclization  of  appropriately  fluorinated 
p-naphth-1-yl  styrenes. 

The  studies  have  been  conducted  primarily  by  Drs.  D.M.  Jerina,  H.  Yagi, 
D.R.  Thakker,  R.N.  Armstrong,  M.  Nordqvist,  K.P.  Vyas,  and  Y.  Ittah  of  this 
laboratory.  A  portion  of  the  studies  was  done  incollaboration  with  Drs.  A.H. 
Conney,  W.  Levin,  and  A.W.  Wood  at  Hoffmann-La  Roche,  with  Dr.  D.R.  Boyd  at 
Queen's  University,  with  Dr.  D.  L.  Whalen  at  the  University  of  Maryland,  and 
with  Dr.  R.E.  Lehr  at  the  University  of  Oklahoma. 
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SECTION  ON  PHARMACODYNAMICS 

Pharmacologically  Active  Compounds  from  Amphibians  and  Other  Natural  Sources 

Skin  extracts  of  frogs  have  yielded  further  supplies  of  batrachotoxins , 
pumiliotoxin  A,  B  and  C,  histrionicotoxins  and  gephyrotoxin  for  pharmacological 
investigation.  Various  additional  alkaloids  have  been  isolated.  These  include: 
1)  4-hydroxybatrachotoxin,  and  4-hydroxyhomobatrachotoxin;  2)  noranabasamine , 
a  dipyridyl-piperidine ;  3)  calycanthine  and  chimonanthidine ,  both  dimeric 
indole  derived  alkaloids.  The  latter  three  alkaloids  were  previously  known 
from  the  plant  kingdom  and  their  occurence  in  frog  skin  extracts  is  remarkable. 
Characterization  of  a  large  number  of  minor  piperidine  alkaloids  in  frog  skin 
extracts  continues.  Gas  chromatographic  analysis  with  pseudoelectron  impact 
mass  spectra  using  a  NO-N  ionizing  gas  and  capillary  columns  has  led  to 
characterization  of  many  isomers.  A  pyridoindolizidine  was  synthesized  for 
comparison  to  a  pyrolysis  product  obtained  from  a  potent  dendrobatid  analgesic. 

The  structure  3-butyl-5-propylindolizidine ,  tentatively  assigned  to  a 
minor  alkaloid  in  skin  extracts  from  a  number  of  poison  frogs  of  the  Neo- 
tropical genus  Dendrobates ,  has  been  confirmed  and  its  stereochemistry  deter- 
mined by  combined  gas  chromatography/mass  spectrometry  comparison  with  four 
synthetic  diastereomers .  The  four  diastereomers  of  5-butyl-3-propyl  indolizi- 
dine  were  also  prepared  and  could  be  distinguished  from  the  natural  compound 
by  gas  chromatographic  retention  times  and/or  mass  spectra. 

The  distribution  of  [  "^H] triphenylmethylphosphonium  ion  between  the  media 
and  vesicular  entities  was  examined  in  a  cell-free,  particulate  preparation 
from  guinea  pig  cerebral  cortex:  This  distribution  followed  the  Nernst  relation- 
ship with  regard  to  the  external  potassium  ion  concentration,  and  in  physio- 
logical media,  indicated  the  maintenance  of  a  mean  transmembrane  potential 
ranging  from  -58  to  -78  mv.  The  neurotoxins,  batrachotoxin,  veratridine  and 
grayanotoxin  I  partially  depolarized  the  preparation.  Tetrodotoxin  blocked 
the  depolarization  by  batrachotoxin,  veratridine  and  grayanotoxin  I.  The 
depolarization  by  these  neurotoxins  was  potentiated  by  the  presence  of  anemone 
toxin  II  and  presumably  reflected  the  response  of  vesicular  components  of 
neuronal  origin.  An  additional  potassium-sensitive  depolarization  probably 
represented  the  response  of  vesicular  components  of  glial  origin  with  an 
apparent  transmembrane  potential  of  -8  to  -35  mv.  No  correlation  could  be 
demonstrated  between  changes  in  transmembrane  potential  and  stimulation  of 
cyclic  AMP  generation  by  a  variety  of  agents  in  this  preparation.  Local 
anesthetics  competitively  antagonized  the  batrachotoxin-elicited  depolariza- 
tion. The  vesicular  entities  have  now  been  purified  by  filtration  through  8  |j 
filters  i:o  yield  a  relatively  homogenous  preparation.  This  "microsac"  appears 
to  consist  of  one  to  three  synaptosomal  boutons  (0.8  (J  in  diameter)  attached 
in  each  case  to  what  is  presumed  to  be  resealed  post-synaptic  vesicular  entities 
(1.5  n  in  diameter). 

Specific  binding  of  [^H]batrachotoxinin-A  20-a-benzoate  to  sodium  channels 
in  rat  synaptosomes  is  increased  10  to  20  fold  by  the  polypeptide  scorpion 
toxin.  Sea  anemone  toxin  II  has  the  same  effect  as  scorpion  toxin  at  200-fold 
higher  concentration.  In  the  presence  of  scorpion  toxin,  the  alkaloids  batra- 
chotoxin,  veratridine,   and  aconitine  block  binding   of   [^H]   batrachotoxinin-A 
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20-cy-benzoate  with  IC  values  of  0.05  |jM,  7  pM,  and  1.2  (jM,  respectively. 
These  JC  values  are  closely  correlated  with  values  of  K  .  for  activation  of 
sodium  channels  by  these  alkaloid  toxins.  Scatchard  anaTysis  of  binding  of 
I  ^H]batrachotoxinin-A  20-0(-benzoate  binding  in  the  presence  of  1  (jM  scorpion 
toxin  indicates  a  single  class  of  sites  with  a  K  of  82  nN  and  a  binding 
capacity  of  2.1  +  0.2  pmol/mg  protein.  At  lower  scorpion  toxin  concentrations, 
IC  is  increased  with  no  change  in  B  .  The  results  demonstrate  the  value  of 
[^H]batrachotoxinin-A  20-a-benzoate  as  a  binding  probe  of  the  alkaloid  neuro- 
toxin receptor  site  on  the  sodium  channel  and  provide  direct  confirmation  of 
the  allosteric  mechanism  of  toxin  binding  and  action  at  this  site.  Local 
anesthetics  competitively  antagonize  the  binding  of  [ -^Hlbatrachotoxinin-A 
20-Of-benzoate  to  guinea  pig  cerebral  cortical  microsacs  with  potencies  compar- 
able to  antagonism  of  batrachotoxin-elicited  depolarization. 

The  actions  of  pumiliotoxin-B  (PTX-B) ,  a  novel  indolizidine  alkaloid  from 
the  skin  of  the  Panamanian  frog  Dendrobates  pumilio ,  have  been  studied  in 
skeletal  muscle  of  rat,  frog,  and  crayfish  with  electrophysiological  and 
biochemical  techniques.  PTX-B  reversibly  potentiates  and  prolongs  the  direct 
elicited  muscle  twitch  in  rat  and  frog  skeletal  muscle  up  to  12-fold  in  a 
concentration-  and  frequency-dependent  manner,  the  potentiation  being  greater 
at  the  lower  frequencies  of  stimulation.  These  effects  on  frog  skeletal 
muscle  are  seen  in  the  absence  of  any  effect  of  PTX-B  on  spontaneous  and 
evoked  transmitter  release,  acetylcholinesterase  activity,  muscle  action 
potential,  delayed  rectification  and  cable  properties  of  the  muscle  fiber.  In 
the  absence  of  external  calcium,  PTX-B  prolongs  but  does  not  potentiate  the 
twitch  while  methoxyverapamil  and  dantrolene  only  partially  suppress  the 
actions  of  PTX-B.  In  crayfish  skeletal  muscle,  PTX-B  increases  the  rate  of 
rise  of  the  'calcium-dependent'  action  potential  and  shortens  its  duration. 
Biochemical  studies  reveal  that  PTX-B  inhibits  calcium-dependent  adenosine 
triphosphatase  from  sarcoplasmic  reticulum  preparations  of  both  frog  and  rat 
skeletal  muscles.  It  appears  that  PTX-B  potentiates  and  prolongs  the  muscle 
twitch:  i)  by  facilitating  the  release  of  calcium  from  storage  sites  within 
the  sarcoplasmic  reticulum;  ii)  by  mobilizing  calcium  from  extracellular 
sites;  and  iii)  by  blocking  the  reuptake  of  calcium  by  calcium-dependent 
adenosine  triphosphatase. 

Pumiliotoxin  (PTX)  A,  B,  and  251D,  members  of  a  new  class  of  indolizidine 
alkaloids  isolated  from  the  skin  of  poison  frogs  of  the  family  Dendrobatidae, 
inhibit  Ca  -ATPase  activity  in  sarcoplasmic  reticulum  vesicles  from  frog  and 
rat  hind-limb  muscles.  PTX-B  and  PTX-A  appear  to  be  relatively  specific 
inhibitors  of  Ca  -ATPase:  PTX-A  is  much  less  potent  than  PTX-B.  PTX-251D  was 
a  potent  inhibitor  of  Ca  -ATPase  but  was  also  found  to  inhibit  Na  K  -ATPase, 
and  Mg  -ATPase  in  rat  brain  synaptosomes .  The  Ki  values  ("^-SO  |JM)  for  inhibition 
of  the  Ca  -ATPase  of  rat  and  frog  sarcoplasmic  reticulum  by  PTX-B  were  comparable. 
Inhibition  of  calcium-dependent  ATPase  in  sarcoplasmic  reticulum  by  pumiliotoxin-B 
is  noncompetitive  with  calcium  and  is  not  readily  reversible.  Based  on  structure 
activity  profiles,  it  is  concluded  that  inhibition  of  Ca  -ATPase  by  the 
indolizidine  alkaloids  is  responsible  for  the  alkaloid-elicited  prolongation 
of  twitch  in  intact  muscle. 

The  specific  binding  of  ( ^Hjperhydrohistrionicotoxin  (['^HjH  -HTX)  was 
studied  to  the  ionic  channel  of  the  nicotinic  receptor  in  membranes  from  the 

57^+ 


electric  organ  of  the  electric  ray,  Torpedo  ocellata.  The  initial  rate  of 
binding  was  increased  several  hundredfold  by  the  presence  of  receptor  agonists 
in  a  dose-dependent  manner.  The  presence  of  the  antagonists  d-tubocurarine , 
gallamine  or  benzoquinonium  also  increased  the  initial  rate  of  [^H]H  -HTX 
binding,  though  to  a  much  lesser  degree  than  agonists.  The  antagonist  a-bungaro- 
toxin  had  no  effect.  Preincubation  of  the  membranes  with  high  concentrations 
of  carbamylcholine  or  acetylcholine  reduced  the  initial  rate  of  binding  in  a 
time-dependent  manner.  This  was  proposed  to  be  due  to  receptor  desensitization. 
Thus,  it  is  suggested  that  the  time  course  of  [-^HlH  -HTX  binding  to  the  ionic 
channel  sites  is  influenced  by  the  conformational  state  of  the  receptor-channel 
complex  such  that  receptor  activation,  inactivation  and  desensitization  are 
reflected  in  [^HJH   -HTX  binding. 

A  series  of  histrionicotoxins  had  similar  effects  on  frog  nerve-muscle 
preparations.  They  blocked  indirectly  elicited  twitch  and  depressed  both  peak 
amplitudes  and  decay  time  constants  of  end  plate  potentials.  In  addition, 
they  decreased  rate  of  rise  and  prolonged  the  falling  phase  of  muscle  action 
potents.  The  results  indicate  that  histrionicotoxins  act  at  three  membrane 
channels:  the  one  associated  with  the  acetylcholine  receptor,  the  sodium 
channel  and  the  potassium  channel.  Blockade  at  all  three  channels  was  stimulus 
and  concentration  dependent,  but  the  rank  order  of  potencies  of  histrionicotoxins 
for  each  of  three  channels  showed  significant  differences. 

The  actions  of  several  quaternary  molecules,  namely  tetraethylammonium, 
atropine  methyl  bromide,  phencyclidine  methiodide,  and  piperocaine  methiodide, 
on  the  endplate  region  of  the  frog  sartorius  muscle  were  studied  using  bath 
application  or  intracellular  injection.  Phencyclidine  methiodide  (3-30  |jM) 
and  piperocaine  methiodide  (10-60  (jM)  had  a  potent  action  on  endplate  currents 
and  spontaneous  miniature  endplate  currents,  after  both  external  and  internal 
application.  Tetraethylammonium  and  atropine  methyl  bromide  were  ineffective 
when  injected  internally.  The  ability  of  phencyclidine  methiodide  and  pipero- 
caine methiodide  to  block  the  ionic  channel  of  the  acetylcholine  receptor  both 
outside  and  inside  the  membrane,  in  contrast  to  tetraethylammonium  and  atropine 
methyl  bromide,  indicated  a  possible  asymmetry  of  the  ionic  channel  active 
sites  with  respect  to  binding  of  drugs  and  may  explain  some  of  the  voltage  and 
time-dependent  effects  of  certain  drugs,  namely  phencyclidine  methiodide  and 
piperocaine . 

Pumiliotoxin-C ,  a  cis-decahydroquinoline  alkaloid  from  the  poison  frog 
Dendrobates  pumilio ,  and  various  synthetic  analogs,  inhibit  indirect  elicited 
twitches  in  the  rat  phrenic  nerve  diaphragm  preparation.  At  40  )jM  the  most 
potent  compound,  2 ,5-di-n-propyl-cis-decahydroquinoline  (PTX-C  ) ,  blocks  the 
indirect  elicited  twitch  by  50%  in  15  min  and  by  100%  in  45  min.  The  blockade 
is  readily  reversible.  At  40  |jM,  PTX-C  has  no  effect  on  muscle  membrane 
potential,  but  markedly  depresses  the  ampfitude  of  endplate  potentials  and  the 
amplitude  and  frequency  of  miniature  endplate  potentials.  In  a-bungarotoxin- 
treated  preparations,  PTX-C  does  not  inhibit  the  direct  elicited  twitch. 
Extrajunctional  sensitivity  "to  micro-iontophoretically  applied  acetylcholine 
in  chronically  (10  day)  denervated  rat  soleus  muscle  is  blocked  by  40  |jM 
PTX-C  in  25  min.  Binding  of  [ ^^^I ]a-bungarotoxin  to  acetylcholine  receptors 
in  Torpedo  electroplax  membranes  is  inhibited  by  PTX-C  with  a  potency  compar- 
able to  that  of  d-tubocurarine.    The  pumiliotoxin-C  class  of  alkaloids  appear 
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to  block  neuromuscular  transmission  primarily  via  interaction  with  the  acetyl- 
choline receptor  rather  than  with  the  associated  ionic  channel. 

Pharmacodynamic  Amines  and  Enzymes  Involved  in  Their  Metabolism 

Ca techo 1 -0-me thy 1 transferase.  Specific  antibodies  to  rat  liver  catechol- 
O-methyltransferase  (COMT)  are  continuing  to  be  utilized  to  determine  the 
localization  of  COMT  at  the  cellular  and  subcellular  level;  to  measure  the 
rate  of  synthesis  and  degradation  of  this  enzyme;  to  measure  and  identify  COMT 
in  various  hybrid  cell  lines;  to  measure  and  localize  this  enzyme  in  animal 
and  human  breast  tumors  (adenocarcinomas);  and  to  follow  the  changes  in  COMT 
localization  in  the  developing  placental  decidua  in  the  course  of  both  normal 
and  delayed  decidual  development  in  rat  uterus. 

An  extensive  study  of  the  distribution  of  COMT  in  the  CNS  of  rat  and 
other  rodents  has  been  published  and  a  generalized  theory  of  the  function  of 
COMT  in  the  CNS  is  in  the  final  stages  of  completion.  At  present  the  role  of 
COMT  has  been  divided  into  two  general  categories:  1)  dealing  especially  with 
the  restriction  of  catchol  diffusion  and  transport  between  fluid  compartments 
both  in  the  CNS  and  the  periphery,  and  2)  the  control  of  catechol  steroid 
levels  in  the  developing  placental  decidua  and  the  ductal  cells  of  the  lactating 
mammal . 

Specifically  the  distribution,  level  and  characterization  of  the  cellular 
locus  of  hormonally  sensitive  COMT  is  being  investigated  in  the  pregnant  rat 
uterus,  under  conditions  where  implantation  of  the  fertilized  blastocyst  is 
delayed  by  administration  of  exogeneous  hormones.  As  regards  the  various 
parameters  of  COMT  in  both  rat,  mouse  and  human  breast,  studies  on  the  distri- 
bution and  level  of  COMT  under  normal  hormonal  stimuli  (lactation)  are  nearing 
completion.  The  level  of  COMT  measured  by  biochemical  and  by  immunochemical 
techniques  appears  to  increase  in  the  ductal  cells  during  lactation  and  decline 
with  the  cessation  of  lactation.  No  COMT  was  observed  in  secreting  cells  of 
the  rodent  or  human  breast. 

Preliminary  studies  on  the  localization  of  COMT  in  various  tumors  of  both 
rodent  and  human  breast  have  been  completed.  It  is  evident  that  COMT  levels 
are  elevated  in  both  rodent  (transplantable)  and  human  adenocarcinomas  of  the 
ductal  tissues  of  breast.  The  technology  of  the  cellular  localization  of  COMT 
by  immunofluorescence  and  immunoperoxidase  have  been  improved  both  as  regards 
specificity  and  sensitivity.  Because  of  the  clinical  importance  of  this 
technique  in  human  breast  cancer  (60%  of  all  human  breast  cancers  are  ductal 
cell  adenocarcinomas)  a  large  number  of  tumors  of  known  history  and  diagnosis 
are  being  surveyed  with  regard  to  the  presence  of  elevated  COMT  levels. 

The  turnover  of  COMT  in  rat  has  been  investigated.  The  apparent  turnover 
is  very  slow.   Further  studies  will  be  done  in  mice. 

Fluorine-Substituted  Biogenic  Amines.  The  progress  to  date  on  the  syn- 
thesis and  biological  properties  of  ring  fluorinated  biogenic  amines  emphasized 
the  special  advantages  of  the  substitution  of  fluorine  for  hydrogen  in  the 
design  of  analogs  of  biologically  important  compounds.  The  small  size  and 
high  electronegativity  of  fluorine  allow  many  such  analogs  to  be  useful  pharmaco- 
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logical  and  medicinal  agents.  Many  biogenic  amines  have  ionizable  groups 
which  could  reflect  directly  the  electronegative  effects  of  fluorine  substitu- 
tion. This  consideration  prompted  us  to  investigate  synthetic  methods  for  the 
ring-f luorination  of  a  series  of  biogenic  amines.  Extensive  biological  evalua- 
tion of  these  fluorinated  amines  has  revealed  several  fluoroamines  with  signi- 
ficantly altered  biological  properties.  To  date,  the  most  interesting  results 
have  involved  the  adrenergic  agonists  specificities  of  norepinephrine  (NE) . 
While  5-FNE  behaves  like  NE ,  6-FNE  is  essentially  a  pure  a-adrenergic  agonist 
and  2-FNE  is  a  pure  p-adrenergic  agonist.  Altered  adrenergic  specificities 
were  observed  with  the  fluoro  derivatives  of  the  classical  p-and  a-agonists 
isoproterenol  and  phenylephrine. 

Studies  in  intact  pinealocytes .  Alterations  in  p-adrenergic  agonist 
activity  resulting  from  fluorine  substitution  on  the  2-,  5-  or  6-position  of 
the  aromatic  ring  of  norepinephrine  were  investigated,  using  dispersed  neonatal 
rat  pinealocytes.  Increases  in  cyclic  AMP  in  these  cells  are  known  to  be 
governed  entirely  by  p-adrenergically  coupled  adenylate  cyclase.  Norepinephrine 
(NE),  2F-NE,  5F-NE,  and  6F-NE  were  tested  for  their  effects  on  cyclic  AMP.  In 
parallel  studies,  the  inhibition  of  [ -^^^I  ]  iodohydroxybenzylpindolol  (IHYP) 
binding  to  pineal  p-adrenergic  receptors  by  these  compounds  was  studied.  All 
of  the  agonists  inhibited  IHYP  binding  and  elevated  intracellular  cyclic  AMP 
in  a  dose-dependent  fashion.  The  relative  potencies  of  norepinephrine  and  its 
fluorine  derivatives  in  both  studies  were  found  to  be  5F-NE  >  NE  >  2F-NE  > 
6F-NE.  Increases  in  cyclic  AMP  were  stereospecif ically  blocked  by  (-)-propanolol . 
From  these  studies  it  appears  that  fluorine  substitution  on  NE  at  the  5-position 
enhances,  and  at  the  2-  and  6-position  reduces,  the  ability  to  elevate  cyclic 
AMP,  as  compared  to  that  of  norepinephrine,  by  altering  agonist  affinity  for 
the  p-receptor.  Additionally,  subtle  differences  in  the  effects  of  the  different 
fluorinated  analogs  on  pinealocytes  in  the  presence  of  weak  antagonists  were 
detected.  In  studies  of  antagonist  action  on  agonist-induced  cyclic  AMP 
accumulation,  substitution  at  the  5-  or  6-position  resulted  in  derivatives 
which,  when  compared  with  NE  and  2F-NE,  appeared  less  affected  by  the  weak 
p-adrenergic  antagonist  (+)-propanolol  and  more  affected  by  the  a-adrenergic 
antagonist  phentolamine . 

Studies  of  the  extent  of  meta-  and  para-0-methylation  by  COMT  of  2-fluoro-, 
5-fluoro-  and  6-f luoronorepinephrine  (F-NE)  at  pH  7  and  9  were  determined. 
The  rank  order  of  preference  for  para-0-methylation  is  5-F-NE  >>  NE  >  6-F-NE  > 
2-F-NE.  In  all  cases  increasing  the  pH  to  9  results  in  an  increase  in  para-0- 
methylation.  Results  with  2-  and  5-F-NE  demonstrate  the  importance  of  ioniza- 
tion in  the  methyltransferase  reaction  when  fluorine  is  situated  ortho  to  one 
of  the  phenolic  groups.  To  establish  unequivocally  the  identities  of  the 
products,  the  isomeric,  monof luorinated  vanillins  and  isovanillins  were  syn- 
thesized and  directly  related  to  the  products  formed  enzymatically  from  the 
monof luorinated  norepinephrines. 

A  study  of  the  binding  of  f luoronorepinephrines  and  f luorodopamines  to 
adrenergic  and  dopaminergic  receptors  in  rat  brain  membranes.  2-Fluoronor- 
epinephrine  (IC_„  "^0.8  |jM)  is  a  relatively  selective  ligand  for  displacement 
of  radioactive  dihydroalprenolol  from  p-adrenergic  receptors  in  membrane 
preparations  from  rat  cerebral  cortex.  It  is  less  potent  (IC  "^10  |jM)  in 
displacing  dihydroalprenolol  from  p-adrenergic  receptors  in  rat  cerebellar 
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membranes  and  in  displacing  clonidine  from  Of  -adrenergic  receptors  in  rat 
cerebral  cortical  membranes.  It  is  much  less  potent  (IC  >100  pM)  in  dis- 
placing WB-4101  from  a  -adrenergic  receptors  in  rat  cerebral  cortical  mem- 
branes. In  contrast,  being  at  least  50-200  times  more  potent  at  such  recep- 
tors than  at  p-adrenergic  receptors.  5-Fluoronorepinephrine  like  norepine- 
phrine does  not  exhibit  remarkable  selectivity  towards  a-  and  p-adrenergic 
receptors.  The  2-,  5-  and  6-f luorodopamines  are  more  potent  ligands  at  a  - 
adrenergic  receptors  than  at  a  -  and  p-adrenergic  receptors  but  the  specificity 
is  not  markedly  affected  by  the  position  of  the  fluorine  substituent.  The 
results  suggest  that  the  specificity  exhibited  by  the  2-  and  6-f luoronorepine- 
phrine  at  adrenergic  receptors  is  not  primarily  due  to  fluorine-induced  changes 
in  the  physicochemical  properties  of  the  aromatic  ring,  but  instead  to  stereo- 
selective interactions  of  the  ethanolamine  side  chain  of  norepinephrine  with 
fluorine  at  either  the  2-  or  6-ring  position.  The  f luorodopamines  like  dopamine 
itself  are  more  potent  at  dopaminergic  than  at  a  or  p-adrenergic  receptors. 
The  2-,  5-  and  6-f  luorodopamines  are  all  nearly  equipotent  with  dopamine  in 
the  displacement  of  radioactive  spiroperidol  from  dopaminergic  receptors  in 
membrane  preparations  from  rat  striatum,  while  the  2-  and  6-f luorodopamine  are 
somewhat  less  potent  than  dopamine  or  5-f luorodopamine  in  displacement  of 
radioactive  apomorphine  in  striatal  membranes. 

y-Acetylenic  GABA  is  an  irreversible  inhibitor  of  glutamate  decarboxylase 
(GAD).  Partially  purified  enzyme  labelled  by  [ 2-^H] -y-acetylenic  GABA  was 
analyzed  by  line-immunoelectrophoresis  using  a  polyvalent  sheep-anti-GAD 
antiserum.  One  of  the  three  antigen-antibody  precipitin  lines  found  contained 
radioactivity.  Two-dimensional  electrophoresis  of  the  labelled  partially 
purified  GAD  revealed  two  radioactive  bands  of  molecular  weights  5A,000  and 
58,000. 

The  development  and  evaluation  of  a  computer-automated  color  TV-tracking 
system  for  the  automated  recording  of  the  behavior  of  rodents  has  been  completed. 
The  prototype  apparatus  has  been  transferred  to  the  Clinical  Psychobiology 
Branch  of  NIMH. 

The  Role  of  Cyclic  Nucleotides  in  the  Nervous  System 

Adenosine  has  a  significant  role  in  many  functions  of  the  central  nervous 
system.  Behaviorally ,  adenosine  and  adenosine  analogs  have  marked  depressant 
effects.  Biochemically,  adenosine  inhibits  adenylate  cyclase  via  a  "high" 
affinity  receptor,  and  activates  adenylate  cyclase  via  a  "low"  affinity  receptor. 
These  receptors,  called  "A  "  and  "A  "  respectively,  show  differing  profiles 
for  activation  by  adenosine  analogs.  Radioactive  N^-cyclohexyladenosine  binds 
selectively  to  the  "high"  affinity  receptor.  Radioactive  cyclohexyladenosine 
binding  kinetics  are  slow,  binding  is  higher  at  25°  than  0°  and  is  reduced  by 
guanine  nucleotides.  One  major  class  of  antagonists  is  known  at  adenosine 
receptors:  the  alkylxanthines ,  including  caffeine  and  theophylline.  Radio- 
active 1 , 3-diethyl-8-phenylxanthine ,  a  particularly  potent  antagonist,  appears 
to  bind  to  both  low  and  high  affinity  adenosine  receptors.  In  bovine  brain 
membranes  binding  is  primarily  to  the  high  affinity  receptor,  while  in  guinea 
pig  binding  is  to  both  receptors.  Binding  kinetics  are  rapid  and  unaffected 
by  guanine  nucleotides. 
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Central  stimulant  actions  of  ten  methylxanthines  in  mice  correlate  with 
affinities  for  adenosine  recepotrs  labeled  with  [^H]N^-cyclohexyladenosine 
([^H]CHA).  Affinities  of  methylxanthines  for  adenosine  receptors  are  con- 
sonant with  central  levels  attained  at  behaviorally  effective  doses.  The  much 
higher  concentrations  of  methylxanthines  required  to  influence  benzodiazepine 
receptor  binding  do  not  correlate  with  behavioral  potency.  N^- (L-phenyliso- 
propyl)adenosine  (L-PIA) ,  a  metabolically  stable  analog  of  adenosine  with  high 
affinity  for  adenosine  receptors,  is  an  extremely  potent  behavioral  depressant, 
reducing  locomotor  activity  of  mice  at  doses  as  little  as  0.05  (Jmoles/kg.  The 
D-isomer,  which  has  much  less  affinity  for  adenosine  receptors,  is  much  less 
active  as  a  central  depressant.  Theophylline  stimulates  locomotor  activity 
and  reverses  depressant  effects  of  L-PIA.  Caffeine  or  1 , 7-dimethylxanthine 
when  administered  alone  elicit  biphasic  effects,  with  locomotor  depression  at 
lower  doses  and  stimulation  at  higher  doses.  When  administered  with  L-PIA, 
even  low  doses  of  caffeine  produce  marked  stimulation.  3-lsobutyl-l-methyl- 
xanthine  (IBMX)  given  alone  elicits  only  behavioral  depression.  However, 
IBMX,  like  theophylline  and  caffeine,  reverses  the  L-PIA-evoked  depression, 
converting  it  into  pronounced  locomotor  stimulation.  The  data  strongly  suggest 
that  the  behavioral  stimulant  effects  of  methylxanthines  involve  a  blockade  of 
central  adenosine  receptors. 

The  endogenous  levels  of  adenosine  functionally  linked  to  cyclic  AMP 
systems  in  rat  cerebral  cortical  slices  are  regulated  by  both  adenosine  deami- 
nase and  adenosine  uptake  systems.  2 ' -Deoxycof ormycin  (2'-DCF),  an  adenosine 
deaminase  inhibitor,  slightly  increased  basal,  adenosine,  and  norepinephrine- 
elicited  accumulations  of  cyclic  AMP,  whereas  dipyridamole,  an  uptake  inhibi- 
tor, had  an  even  greater  effect  on  cyclic  AMP  accumulations  under  the  same 
conditions.  Neither  2'-DCF  nor  dipyridamole  significantly  augmented  accumu- 
lations of  cyclic  AMP  elicited  by  a  depolarizing  agent,  veratridine,  suggesting 
that  the  adenosine  "released"  during  neuronal  depolarization  of  brain  slices 
is  not  as  subject  to  inactivation  by  uptake  or  deamination  as  endogenous 
adenosine  in  control  brain  slices.  The  response  to  a  pure  p-adrenergic  agonist, 
isoproterenol,  was  not  potentiated  by  2'-DCF,  dipyridamole,  or  veratridine, 
consonant  with  minimal  interaction  of  endogenous  adenosine  with  p-adrenergic 
systems . 

Catecholamine,  histamine,  and  adenosine-mediated  accumulations  of  radio- 
active cyclic  AMP  were  assessed  in  adenine-labeled  slices  from  eight  rat  brain 
regions.  2-Fluoronorepinephrine ,  a  selective  p-adrenergic  agonist,  elicited 
an  accumulation  of  cyclic  AMP  in  cerebral  cortex,  cerebellum,  hippocampus, 
striatum,  superior  colliculi,  thalamus,  hypothalamus,  and  medulla-pons .  In 
cerebral  cortex  and  most  other  brain  regions,  the  p-adrenergic-mediated  res- 
ponse appeared  to  involve  primarily  p  -adrenergic  receptors,  while  in  cere- 
bellum, there  was  a  significant  involvement  of  p  -adrenergic  receptors. 
6-Fluoronorepinephrine ,  a  selective  a-adrenergic  agonist,  elicited  accumula- 
tions of  cyclic  AMP  in  all  regions  except  cerebellum.  Combinations  of  the  two 
fluoro  derivatives  afforded  in  all  brain  regions  an  accumulation  of  cyclic  AMP 
identical  with  that  elicited  by  norepinephrine.  In  hypothalamus,  the  a-  and 
p-adrenergic  responses  were  significantly  greater  than  additive.  In  cerebral 
cortex,  the  a-adrenergic  receptor-mediated  response  appeared  to  involve  Of  - 
adrenergic  receptors  and  to  be  nearly  completely  dependent  on  adenosine,  while 
in  other  brain  regions,  the  dependence  of  the  Of-adrenergic  response  on  adenosine 
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was  less  or  absent.  Combinations  of  6-f luoronorepinephrine  and  histamine  had 
greater  than  additive  effects  in  cortex  and  hippocampus.  The  results  indicate 
that  the  interactive  control  of  cyclic  AMP-generating  systems  by  a-adrenergic, 
p-adrenergic,  adenosine,  and  histamine  receptors  differs  significantly  among 
rat  brain  regions. 

Membranes  from  rat  cerebral  cortex  and  striatum  contain  a  relatively 
large  number  of  high  affinity  binding  sites  for  ["^Hjadenine  arabinoside, 
[^H]2 '  ,5 ' -dideoxyadenosine  and  [  •^Hjadenosine .  The  specific  binding  of  all 
three  ligands  is  antagonized  by  a  variety  of  adenosine -analogs  which  inhibit 
adenylate  cyclase  by  interaction  with  the  so-called  P-site  associated  with 
this  enzyme.  The  binding  of  [•'Hjadenine  arabinoside  and  [ ^H] 2 '  ,5 ' -dideoxy- 
adenosine  is  virtually  unaffected  by  relatively  specific  agonists  and  antago- 
nists for  adenosine-receptor ,  such  as  2-chloroadenosine ,  N^-phenylisopropyl- 
adenosine  or  theophylline.  Binding  of  [^H]  adenosine  is  partially  blocked  by 
the  receptor  ligands.  Potencies  of  adenosine-analogs  as  P-site  inhibitors  of 
adenylate  cyclase  as  antagonists  of  binding  of  [ ^H] 2 ' ,5 ' -dideoxyadenosine  show 
some  correlations.  5 ' -Methylthioadenosine  is  a  notable  exception  with  high 
potency  and  efficacy  versus  binding  of  ["^H]  2 '  ,5 ' -dideoxyadenosine  and  virtually 
no  effect  on  activity  of  adenylate  cyclase.  2-Fluoro-derivatives  of  adenosine, 
adenine  arabinoside  and  adenine  xylofuranoside  are  more  potent  than  the  parent 
compounds  as  P-site  inhibitors,  but  2-f luoroadenosine  is  much  less  potent  than 
adenosine  as  an  antagonist  of  specific  binding  of  [ ^H]2 ' ,5 ' -dideoxyadenosine . 
The  specific  binding  sites  for  [ ^H] 2 ' ,5 ' -dideoxyadenosine  are  heat  and  trypsin- 
sensitive,  but  the  significance  of  such  sites  remains  unknown. 

Forskolin,  a  diterpene  from  the  roots  of  Coleus  f orskohlii ,  activates 
adenylate  cyclase  in  rat  cerebral  cortical  membranes  in  a  rapid  and  reversible 
manner.  Activation  is  not  dependent  on  exogenous  guanyl  nucleotides  and  is 
not  inhibited  by  GDP-ps  when  assayed  with  AppNHp  as  substrate.  GTP  and  GDP 
potentiate  forskolin-responses .  The  activations  of  adenylate  cyclase  by 
forskolin  and  GppNHp  are  not  additive,  while  activations  by  forskolin  and 
fluoride  are  additive  or  partially  additive.  The  responses  of  adenylate 
cyclase  to  forskolin  or  fluoride  are  not  inhibited  by  manganese  ions,  while 
the  GppNHp-response  is  completely  blocked.  Activation  of  adenylate  cyclase  by 
forskolin  is  considerably  greater  than  the  activation  by  fluoride  in  membranes 
from  rat  cerebellum,  striatum,  heart,  and  liver,  while  being  about  equal  or 
less  than  the  activation  by  fluoride  in  other  tissues.  Forskolin  (EC  25  |JM) 
causes  a  rapid  and  readily  reversible  35-fold  elevation  of  cyclic  AMF  in  rat 
cerebral  cortical  slices  which  is  not  blocked  by  a  variety  of  neurotransmitter 
antagonists.  Low  concentrations  of  forskolin  (1  pM)  augment  the  response  of 
cyclic  AMP-generating  systems  in  brain  slices  to  norepinephrine,  isoproterenol, 
histamine,  adenosine,  prostaglandin  E  ,  and  vasoactive  intestinal  peptide. 
Forskolin  would  appear  to  activate  adenylate  cyclase  through  a  unique  mechanism 
involving  both  direct  activation  of  the  enzyme  and  facilitaion  or  potentiation 
of  the  modulation  of  enzyme  activity  by  receptors  and/or  the  guanyl  nucleotide- 
binding  subunit.   Forskolin  has  no  effect  on  guanylate  cyclase. 

Forskolin  inhibits  the  potassium-evoked  release  of  radioactive  norepi- 
nephrine from  guinea  pig  cerebral  cortical  synaptosomes .  The  effect  of  forskolin 
is  potentiated  by  a  phosphodiesterase  inhibitor. 
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Forskolin  markedly  inhibits  arachidonate ,  ADP  and  epinephrine-elicited 
aggregation  of  human  platelets.  The  inhibitory  effect  on  aggregation  corre- 
lates with  stimulatory  effects  on  cyclic  AMP  levels. 

Receptors  for  Neurotransmitters  and  Neuromodulators  in  the  Central  Nervous 
System 

Saturable,  high  affinity  binding  of  radiolabelled  tricyclic  antidepressants 
have  been  characterized  in  both  rat  and  human  brain  as  well  as  human  platelets. 
Chemical  and  electrolytic  lesions  of  the  brain,  the  inhibition  of  ["^H]  imipramine 
binding  with  2 ,8-dinitroimipraraine  (an  irreversible  inhibitor),  and  competition 
studies  with  a  series  of  pharmacologically  active  secondary  and  tertiary  amine 
tricyclic  antidepressants  were  used  to  evaluate  the  nature  of  this  binding 
site.  The  results  strongly  suggest  that  [^H]  imipramine  labels  sites  in  rat 
and  human  brain  and  platelet  which  is  an  integral  component  of  the  transport 
site  for  serotonin.  In  contrast,  high  affinity  [^H]  desipramine  binding 
labels  sites  associated  with  the  uptake  of  norepinephrine  in  rat  brain.  A 
significant  reduction  in  the  number  of  ["^H]  imipramine  binding  sites  were 
observed  in  non-medicated  patients  diagnosed  as  unipolar  depressed  compared 
with  age  and  sex  matched  controls. 

Studies  with  p-carbolines  were  initiated  to  determine  if  these  compounds, 
which  inhibit  ["^H]  diazepam  binding  with  high  affinity  in  vitro,  possess  a 
pharmacologic  action.  It  was  observed  that  3-hydroxymethyl-p-carboline ,  which 
inhibits  [^H]  diazepam  binding  in  vitro  (K.  of  ^^1470  nM)  antagonized  both  the 
anticonvulsant  and  anxiolytic  actions  of  diazepam  in  mice  at  doses  which  do 
not  elicit  gross  behavioral  alterations  (including  sedation)  in  the  animal. 
This  compound  also  antagonized  the  anxiolytic  actions  (in  mice)  of  both  mepro- 
bamate  and  pentobarbital.  Other  p-carbolines  (e.g.  3-formyl-p-carboline)  were 
also  found  to  antagonize  these  pharmacologic  actions  of  diazepam.  The  structure 
activity  relationships  of  a  series  of  p-carbolines  revealed  the  importance  of 
substitution  in  the  3  position  of  this  molecule  for  optimum  affinity  at  the 
benzodiazepine  receptor.  The  molecules  in  this  series  with  the  highest  affinities 
for  the  benzodiazepine  receptor  all  possessed  a  carbonyl  oxygen  at  the  3 
position.  The  length  of  the  carbon  substitution  at  this  position  did  not 
significantly  change  affinity.  Substitution  at  the  C-1  position  resulted  in  a 
dramatic  loss  in  activity,  as  did  reduction  of  the  pyridine  ring  to  yield  the 
isosteric  tetrahydro-p-carboline  series.  Several  of  the  p-carbolines  examined 
had  Hill  coefficients  significantly  less  than  unity  for  displacement  of  ["^H] 
diazepam,  suggesting  a  preferential  interaction  with  one  subpopulation  of 
benzodiazepine  receptor.  These  data  also  support  the  hypothesis  that  the 
tremors  and  sedation  observed  with  many  p-carbolines  may  be  unrelated  to  their 
interaction  with  benzodiazepine  receptors. 

Barbiturates  (such  as  pentobarbital)  were  found  to  have  a  dual  action  to 
enhance  the  binding  of  [^H]  benzodiazepines  to  benzodiazepine  receptors  in  the 
CNS.  Using  pentobarbital  as  a  model  barbiturate,  it  was  found  that  at  rela- 
tively high  concentrations  (corresponding  to  brain  levels  achieved  after 
anesthetic  doses)  enhance  [^H]  diazepam  binding  by  increasing  receptor  affinity. 
At  approximately  10-fold  lower  concentrations  (corresponding  to  tissue  levels 
achieved  after  anxiolytic  doses),  pentobarbital  potentiated  the  GABA-enhanced 
binding  of  [^H]  diazepam.   At  maximally  effective  concentrations  of  GABA, 
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addition  of  pentobarbital  resulted  in  no  more  than  an  additive  action.  The 
"direct"  actions  of  pentobarbital  were  anion  dependent  (both  the  potency  and 
maximum  effect  were  lowered  in  the  absence  of  chloride,  iodide,  bromide  or 
other  molecules  which  readily  penetrate  chloride  channels)  and  blocked  by  the 
GABA-antagonist ,  bicuculline  or  the  chloride  ionophore  blocker,  picrotoxin. 
The  "direct"  (i.e.  in  the  absence  of  exogenously  added  GABA)  actions  of  pento- 
barbital were  also  sensitive  to  physical  manipulation  of  the  tissue,  e.g. 
f reeze-thawing  and  detergent  treatment  markedly  reduced  this  effect  to  increase 
[^H]  diazepam  binding.  A  large  number  of  barbiturates  share  this  action  with 
pentobarbital,  such  as  hexobarbital ,  amobarbital,  and  the  convulsant  barbiturate 
dimethylbutylbarbituric  acid  (DMBB) .  The  enhancement  of  [^H]  diazepam  binding 
by  barbiturates  exhibited  stereospecif icity ;  a  3-4  fold  difference  in  potency 
was  observed  using  the  enantiomers  of  DMBB.  Furthermore,  marked  regional 
differences  were  observed  in  rodent  brain  with  respect  to  both  the  potency  and 
efficacy  of  barbiturates  in  enhancing  benzodiazepine  receptor  affinity.  The 
phenomenon  of  a  dual  enhancement  of  benzodiazepine  receptor  affinity  by  barbi- 
turates is  reminiscent  of  the  electrophysiological  actions  of  barbiturates 
observed  on  cultured  spinal  cord  neurons.  That  is,  at  relatively  low  concen- 
trations of  barbiturate,  a  potentiation  of  the  depressant  actions  of  GABA  are 
observed,  while  at  higher  concentrations,  a  direct  depressant  action  on  neuronal 
excitability  is  induced  by  barbiturates  such  as  pentobarbital.  These  observa- 
tions have  been  instrumental  in  constructing  a  model  of  the  benzodiazepine 
receptor  as  one  component  of  a  functionally  linked  supramolecular  complex 
consisting  of  a  benzodiazepine  receptor,  GABA  receptor,  and  chloride  ionophore 
which  may  mediate  the  pharmacologic  actions  of  a  variety  of  drugs  including 
barbiturates,  benzodiazepines,  triazolopyridazines  and  pyrazolopyridines . 

Studies  with  a  brain  slice  preparation  from  rat  cerebral  cortex  suggest 
that  this  system  may  be  an  excellent  model  for  examining  the  in  vitro  regulation 
of  benzodiazepine  receptors.  High  affinity,  saturable,  and  stereospecif ic 
binding  of  [^H]  f lunitrazepam  has  been  observed  with  this  system.  Kinetic 
parameters  (such  as  B  and  K  )  approximate  those  found  in  disrupted  cell 
preparations.  This  system  may  be  superior  to  the  disrupted  cell  preparation 
in  certain  studies  requiring  the  intact  neural  architecture  of  the  brain  to  be 
maintained . 

Brain  extracts  of  rats  which  have  been  sleep  deprived  for  24  hours  have 
been  observed  to  contain  endogenous  compounds  which  enhance  [  H]  diazepam 
binding  more  than  identical  extracts  prepared  from  sleep  deprived  controls. 
This  compound(s)  is  dialyzable  and  heat  stable.  In  addition,  less  of  an  inhibi- 
tory factor  may  also  be  produced  through  sleep  deprivation.  Further  studies 
are  now  in  progress  to  characterize  these  factors. 

Several  N^-substituted  adenosine  derivatives  such  as  KM-12,  (2'-chloro- 
benzyl)-N^-adenosine,  and  KM-13,  (N^- (2- (4-chlorophenyl)-bicyclo-2 . 2 . 2 . octyl- 
(3) Jadenosine,  have  been  demonstrated  to  affect  the  benzodiazepine  receptor 
either  by  competitive  inhibition  at  the  receptor  (KM-12)  or  by  increasing 
benzodiazepine  receptor  number  (KM-13).  Furthermore,  both  KM-12  and  KM-13 
possess  marked  sedative  and  anticonvulsant  actions,  and  KM-13  has  been  demon- 
strated to  have  an  anxiolytic  action  with  a  potency  comparable  to  chlordiaze- 
poxide  (Librium).  Recently,  it  has  been  demonstrated  that  other  N^-substituted 
adenosines   such  as  cyclohexyladenos ine (CHA)  and  L-phenylisopropyladenos ine  are 
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potent,  long  lasting  sedatives  when  administered  to  mice.  These  compounds  are 
not  potent  inhibitors  of  [^H]  diazepam  binding  but  have  high  affinities  for 
adenosine  (A  )  receptors  in  the  CNS .  We  have  investigated  the  potency  of 
KM-12,  KM-13  and  other  related  N^-substituted  adenosine  derivatives  at  A 
receptors.  Both  KM-12  and  KM-13  inhibit  [^H]  CHA  binding  with  affinities  (K.j 
of  less  than  100  nM.  These  data  suggest  that  the  sedative/hypnotic  actions  of 
some  N^-substituted  adenosine  derivatives  may  be  related  to  their  interaction 
with  adenosine  rather  than  benzodiazepine  receptors.  In  conjunction  with 
these  findings,  we  have  demonstrated  that  administration  of  an  inhibitor  of 
adenosine  deaminase,  9- (erthryo-hydroxynonyl)adenine  (EHNA) ,  which  prevents 
the  metabolism  of  endogenous  adenosine,  results  in  a  long  lasting  sedative 
action  in  mice.  The  time  course  of  the  sedation  appears  to  correlate  with  the 
inhibition  of  this  enzyme. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  total  of  over  one  hundred  pharmacologically  active  alkaloids  have  been 
characterized  in  skin  extracts  of  some  50  species  of  dendrobatid  frogs. 
Five  major  classes  of  compounds  have  been  defined  and  their  pharmacology 
elucidated:  The  batrachotoxins  are  steroid  alkaloids  which  prevent  the 
inactivation  of  voltage-dependent  sodium  channels  in  nerve  and  muscle.  A 
radioactive  analog  of  batrachotoxin  binds  with  high  affinity  to  a  limited 
number  of  sites  in  neuronal  membranes.  Binding  and  effects  of  batracho- 
toxins are  potentiated  by  certain  peptides  and  competitively  antagonized  by 
local  anesthetics.  The  histrionicotoxins  are  spiropiperidine  alkaloids 
which  facilitate  the  conversion  of  chemosensitive  sodium-potassium  channels 
in  nerves  and  effector  cells  to  the  desensitized  state  and  block  voltage- 
dependent  potassium  channels.  The  potencies  of  various  histrionicotoxins  at 
these  two  sites  differ  significantly  with  histrionicotoxin  and  perhydrohis- 
trionicotoxin  being  nearly  equipotent  at  a  nicotinic  receptor  channel,  but 
with  histrionicotoxin  being  much  more  potent  at  the  potassium  channel.  The 
pumiliotoxin-C  class  are  decahydroquinoline  alkaloids  which  block  nicotinic 
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Summary  of  Work  (Cont'd):  receptors .  The  pumiliotoxin-A  class  are  6-alkylidene- 
indolizidine  alkaloids  which  facilitate  and  then  block  calcium- dependent  excita- 
tion-secretion coupling  and  excitation-contraction  coupling  in  nerve  and  muscle. 
Pumiliotoxin-B  is  a  potent  and  selective  inhibitor  of  calcium-ATPase  from  muscle 
while  a  simpler  analog  appears  to  be  a  general  inhibitor  of  ATPases.  The  gephyro- 
toxins  are  indolizidines  and  perhydrobenzoindolizidines .  Certain  members  of  this 
class  block  voltage-dependent  potassium  channels  and  muscarinic  receptors. 

Project  Description: 

Objectives :  To  elucidate  the  molecular  basis  for  the  pharmacological  acti- 
vity of  batrachotoxin,  histrionicotoxin,  pumiliotoxins ,  and  related  substances. 
To  isolate  and  elucidate  the  structures  and  molecular  action  of  other  pharmaco- 
dynamically  active  substances  found  in  skin  extracts  of  frogs  and  other  natural 
sources.  To  explore  biosynthetic  pathways  involved  in  the  formation  of  these 
unique  substances.  To  prepare  radioactive  ligands  for  the  study  of  binding  sites 
for  these  compounds.  To  explore  possible  clinical  applications  of  dendrobatid 
alkaloids  as  myotonic  and  cardiotonic  agents. 

Methods  Employed:  Sensitive  bioassay  methods,  thin  layer,  column,  high 
pressure  liquid,  and  gas  chromatography  have  been  used  in  the  purification  of  the 
active  principles,  while  NMR,  mass  spectroscopy,  x-ray  chrystallography ,  micro- 
chemical  techniques,  and  radiochemical  labeling  are  being  utilized  for  structure 
elucidation  and  for  the  preparation  of  ligands  for  the  study  at  binding  sites. 
Isotopic  tracer  techniques  have  been  used  to  study  biosynthetic  pathways.  Biolo- 
gical activity  has  been  investigated  with  both  isolated  enzyme  systems,  in  intact 
cells,  nerve,  and  muscle  preparations  and  in  intact  animals. 

Major  Findings:  Skin  extracts  of  frogs  have  yielded  further  supplies  of 
batrachotoxins ,  pumiliotoxin  A,  B  and  C,  histrionicotoxins  and  gephyrotoxin  for 
pharmacological  investigation.  Various  additional  alkaloids  have  been  isolated. 
These  include:  1)  4-hydroxybatrachotoxin,  and  4-hydroxyhomobatrachotoxin;  2) 
noranabasamine ,  a  dipyridyl-piperidine ;  3)  calycanthine  and  chimonanthidine ,  both 
dimeric  indole  derived  alkaloids.  The  latter  three  alkaloids  were  previously 
known  from  the  plant  kingdom  and  their  occurence  in  frog  skin  extracts  is  remark- 
able. Characterization  of  a  large  number  of  minor  piperidine  alkaloids  in  frog 
skin  extracts  continues.  Gas  chromatographic  analysis  with  pseudoelectron  impact 
mass  spectra  using  a  NO-N  ionizing  gas  and  capillary  columns  has  led  to  char- 
acterization of  many  isomers.  A  pyridoindolizidine  was  synthesized  for  comparison 
to  a  pyrolysis  product  obtained  from  a  potent  dendrobatid  analgesic  (Edwards, 
Daly). 

The  structure  3-butyl-5-propylindolizidine ,  tentatively  assigned  to  a  minor 
alkaloid  in  skin  extracts  from  a  number  of  poison  frogs  of  the  Neotropical  genus 
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Dendrobates,  has  been  confirmed  and  its  stereochemistry  determined  by  combined  gas 
chromatography/mass  spectrometry  comparison  with  four  synthetic  diastereomers . 
The  four  diastereomers  of  5-butyl-3-propyl  indolizidine  were  also  prepared  and 
could  be  distinguished  from  the  natural  compound  by  gas  chromatographic  retention 
times  and/or  mass  spectra  (Daly,  Spande). 

The  distribution  of  [  ^H] triphenylraethylphosphonium  ion  between  the  media  and 
vesicular  entities  was  examined  in  a  cell-free,  particulate  preparation  from 
guinea  pig  cerebral  cortex:  This  distribution  followed  the  Nernst  relationship 
with  regard  to  the  external  potassium  ion  concentration,  and  in  physiological 
media,  indicated  the  maintenance  of  a  mean  transmembrane  potential  ranging  from 
-58  to  -78  mv.  The  neurotoxins,  batrachotoxin,  veratridine  and  grayanotoxin  I 
partially  depolarized  the  preparation.  Tetrodotoxin  blocked  the  depolarization  by 
batrachotoxin,  veratridine  and  grayanotoxin  I.  The  depolarization  by  these  neuro- 
toxins was  potentiated  by  the  presence  of  anemone  toxin  II  and  presumably  re- 
flected the  response  of  vesicular  components  of  neuronal  origin.  An  additional 
potassium-sensitive  depolarization  probably  represented  the  response  of  vesicular 
components  of  glial  origin  with  an  apparent  transmembrane  potential  of  -8  to  -35 
mv.  No  correlation  could  be  demonstrated  between  changes  in  transmembrane  poten- 
tial and  stimulation  of  cyclic  AMP  generation  by  a  variety  of  agents  in  this 
preparation.  Local  anesthetics  competitively  antagonized  the  batrachotoxin- 
elicited  depolarization.  The  vesicular  entities  have  now  been  purified  by  fil- 
tration through  8  |J  filters  to  yield  a  relatively  homogenous  preparation.  This 
"microsac"  appears  to  consist  of  one  to  three  synaptosomal  boutons  (0.8  |J  in 
diameter)  attached  in  each  case  to  what  is  presumed  to  be  resealed  post-synaptic 
vesicular  entities  (1.5  p  in  diameter)  (Creveling,  McNeal). 

Specific  binding  of  ( -^Hjbatrachotoxinin-A  20-a-benzoate  to  sodium  channels  in 

rat  synaptosomes  is  increased  10  to  20  fold  by  the  polypeptide  scorpion  toxin. 

Sea  anemone  toxin  II  has  the  same  effect  as  scorpion  toxin  at  200-fold  higher 

concentration.   In  the  presence  of  scorpion  toxin,  the  alkaloids  batrachotoxin, 

veratridine,  and  aconitine  block  binding  of  ["^H]  batrachotoxinin-A  20-CK-benzoate 

with  K   values  of  0.05  JJ^'j  1    M^,  and  1.2  pM,  respectively.   These  K   values  are 

closely  correlated  with  values  of  K     for  activation  of  sodium  channels  by  these 

alkaloid  toxins.   Scatchard  analysis  of  binding  of  [ ^H]batrachotoxinin-A  20-a- 

benzoate  binding  in  the  presence  of  1  (jM  scorpion  toxin  indicates  a  single  class 

of  sites  with  a  K   of  82  nM  and  a  binding  capacity  of  2.1  +  0.2  pmol/mg  protein. 

At  lower  scorpion  toxin  concentrations,  K„  is  increased  with  no  change  in  B 

. n  *  max 

The  results  demonstrate  the  value  of  ( '^H Jbatrachotoxinin-A  20-a-benzoate  as  a 

binding  probe  of  the  alkaloid  neurotoxin  receptor  site  on  the  sodium  channel  and 

provide  direct  confirmation  of  the  allosteric  mechanism  of  toxin  binding  and 

action  at  this  site.   Local  anesthetics  competitively  antagonize  the  binding  of 

[  ■'Hjbatrachotoxinin-A  20-0(-benzoate  to  guinea  pig  cerebral  cortical  microsacs  with 

potencies   comparable   to   antagonism   of   batrachotoxin-elicited   depolarization 

(McNeal,  Creveling). 

The  actions  of  pumiliotoxin-B  (PTX-B) ,  a  novel  indolizidine  alkaloid  from  the 
skin  of  the  Panamanian  frog  Dendrobates  pumilio ,  have  been  studied  in  skeletal 
muscle  of  rat,  frog,  and  crayfish  with  electrophysiological  and  biochemical  tech- 
niques. PTX-B  reversibly  potentiates  and  prolongs  the  direct  elicited  muscle 
twitch  in  rat  and  frog  skeletal  muscle  up  to  12-fold  in  a  concentration-  and 
frequency-dependent  manner,   the  potentiation  being  greater  at  the  lower  fre- 
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quencies  of  stimulation.  These  effects  on  frog  skeletal  muscle  are  seen  in  the 
absence  of  any  effect  of  PTX-B  on  spontaneous  and  evoked  transmitter  release, 
acetylcholinesterase  activity,  muscle  action  potential,  delayed  rectification  and 
cable  properties  of  the  muscle  fiber.  In  the  absence  of  external  calcium,  PTX-B 
prolongs  but  does  not  potentiate  the  twitch  while  methoxyverapamil  and  dantrolene 
only  partially  suppress  the  actions  of  PTX-B.  In  crayfish  skeletal  muscle,  PTX-B 
increases  the  rate  of  rise  of  the  'calcium-dependent'  action  potential  and 
shortens  its  duration.  Biochemical  studies  reveal  that  PTX-B  inhibits  calcium- 
dependent  adenosine  triphosphatase  from  sarcoplasmic  reticulum  preparations  of 
both  frog  and  rat  skeletal  muscles.  It  appears  that  PTX-B  potentiates  and  pro- 
longs the  muscle  twitch:  i)  by  facilitating  the  release  of  calcium  from  storage 
sites  within  the  sarcoplasmic  reticulum;  ii)  by  mobilizing  calcium  from  extracell- 
ular sites;  and  iii)  by  blocking  the  reuptake  of  calcium  by  calcium-dependent 
adenosine  triphosphatase  (Daly) . 

Pumiliotoxin  (PTX)  A,  B,  and  251D,  members  of  a  new  class  of  indolizidine 
alkaloids  isolated  from  the  skin  of  poison  frogs  of  the  family  Dendrobatidae, 
inhibit  Ca  -ATPase  activity  in  sarcoplasmic  reticulum  vesicles  from  frog  and  rat 
hind-limb  muscles.  PTX-B  and  PTX-A  appear  to  be  relatively  specific  inhibitors  of 
Ca  -ATPasej  PTX-A  is  much  less  potent  than  PTX-B.  PTX-251D  was  a  poj^nt  inhibi- 
tor of  Ca  -ATPase  but  was  also  found  to  inhibit  Na  K  -ATPase,  and  Mg  -ATPase  in 
rat  brain  synaptosomes .  The  Ki  values  (~30  |JM)  for  inhibition  of  the  Ca  -ATPase 
of  rat  and  frog  sarcoplasmic  reticulum  by  PTX-B  were  comparable.  Inhibition  of 
calcium-dependent  ATPase  in  sarcoplasmic  reticulum  by  pumiliotoxin-B  is  noncom- 
petitive with  calcium  and  is  not  readily  reversible.  Based  on  structure  activity 
profiles,  it  is  concluded  that  inhibition  of  Ca  -ATPase  by  the  indolizidine 
alkaloids  is  responsible  for  the  alkaloid-elicited  prolongation  of  twitch  in 
intact  muscle  (Daly). 

The  specific  binding  of  [ ^H]perhydrohistrionicotoxin  ([^H]H  -HTX)  was 
studied  to  the  ionic  channel  of  the  nicotinic  receptor  in  membranes  from  the 
electric  organ  of  the  electric  ray.  Torpedo  ocellata.  The  initial  rate  of  binding 
was  increased  several  hundredfold  by  the  presence  of  receptor  agonists  in  a  dose- 
dependent  manner.  The  presence  of  the  antagonists  d-tubocurarine ,  gallamine  or 
benzoquinonium  also  increased  the  initial  rate  of  [^H]H  -HTX  binding,  though  to  a 
much  lesser  degree  than  agonists.  The  antagonist  a-bungarotoxin  had  no  effect. 
Preincubation  of  the  membranes  with  high  concentrations  of  carbamylcholine  or 
acetylcholine  reduced  the  initial  rate  of  binding  in  a  time-dependent  manner. 
This  was  proposed  to  be  due  to  receptor  desensitization.  Thus,  it  is  suggested 
that  the  time  course  of  [^H]H  -HTX  binding  to  the  ionic  channel  sites  is  in- 
fluenced by  the  conformational  state  of  the  receptor-channel  complex  such  that 
receptor  activation,  inactivation  and  desensitization  are  reflected  in  [^H]H  -HTX 
binding  (Daly) . 

A  series  of  histrionicotoxins  had  similar  effects  on  frog  nerve-muscle  pre- 
parations. They  blocked  indirectly  elicited  twitch  and  depressed  both  peak  ampli- 
tudes and  decay  time  constants  of  end  plate  potentials.  In  addition,  they  de- 
creased rate  of  rise  and  prolonged  the  falling  phase  of  muscle  action  potents . 
The  results  indicate  that  histrionicotoxins  act  at  three  membrane  channels:  the 
one  associated  with  the  acetylcholine  receptor,  the  sodium  channel  and  the  potas- 
sium channel.  Blockade  at  all  three  channels  was  stimulus  and  concentration 
dependent,  but  the  rank  order  of  potencies  of  histrionicotoxins  for  each  of  three 
channels  showed  significant  differences. 
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The  actions  of  several  quaternary  molecules,  namely  tetraethylamraonium, 
atropine  methyl  bromide,  phencyclidine  methiodide,  and  piperocaine  methiodide,  on 
the  endplate  region  of  the  frog  sartorius  muscle  were  studied  using  bath  appli- 
cation or  intracellular  injection.  Phencyclidine  methiodide  (3-30  pM)  and  pipero- 
caine methiodide  (10-60  pM)  had  a  potent  action  on  endplate  currents  and  spon- 
taneous miniature  endplate  currents,  after  both  external  and  internal  application. 
Tetraethylamraonium  and  atropine  methyl  bromide  were  ineffective  when  injected 
internally.  The  ability  of  phencyclidine  methiodide  and  piperocaine  methiodide  to 
block  the  ionic  channel  of  the  acetylcholine  receptor  both  outside  and  inside  the 
membrane,  in  contrast  to  tetraethylamraonium  and  atropine  methyl  bromide,  indicated 
a  possible  asymmetry  of  the  ionic  channel  active  sites  with  respect  to  binding  of 
drugs  and  raay  explain  sorae  of  the  voltage  and  time-dependent  effects  of  certain 
drugs,  namely  phencyclidine  methiodide  and  piperocaine  (Daly). 

Pumiliotoxin-C ,  a  cis-decahydroquinoline  alkaloid  from  the  poison  frog 
Dendrobates  pumilio ,  and  various  synthetic  analogs,  inhibit  indirect  elicited 
twitches  in  the  rat  phrenic  nerve  diaphragm  preparation.  At  AO  |jM  the  most  potent 
compound,  2 , 5 -di-n-propyl- cis-decahydroquinoline  (PTX-C^  ) ,  blocks  the  indirect 
elicited  twitch  by  50%  in  15  rain  and  by  100%  in  45  min.  The  blockade  is  readily 
reversible.  At  40  pM,  PTX-C  has  no  effect  on  muscle  membrane  potential,  but 
markedly  depresses  the  amplitude  of  endplate  potentials  and  the  amplitude  and 
frequency  of  miniature  endplate  potentials.  In  a-bungarotoxin-treated  prepara- 
tions, PTX-C  does  not  inhibit  the  direct  elicited  twitch.  Extrajunctional 
sensitivity  to  micro-iontophoretically  applied  acetylcholine  in  chronically  (10 
day)  denervated  rat  soleus  muscle  is  blocked  by  40  |jM  PTX-C  in  25  min.  Binding 
of  [ ^''^l ]a-bungarotoxin  to  acetylcholine  receptors  in  Torpedo  electroplax  mera- 
branes  is  inhibited  by  PTX-C  with  a  potency  comparable  to  that  of  d-tubocur- 
arine.  The  pumiliotoxin-C  class  of  alkaloids  appear  to  block  neuromuscular  trans- 
mission primarily  via  interaction  with  the  acetylcholine  receptor  rather  than  with 
the  associated  ionic  channel  (Daly). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
exceptionally  high  toxicity  of  batrachotoxin ,  its  selective  action  on  nerve  pre- 
parations, and  its  cardiotoxin  properties  gave  the  elucidation  of  its  structure 
and  correlations  of  structures  with  activity  a  high  priority  in  biomedical  re- 
search. Batrachotoxin  has  now  been  established  as  the  agent  of  choice  for  the 
investigation  of  mechanisms  involved  in  the  control  of  sodium  conductances  in 
nerve  and  muscle  and  of  the  involvement  of  sodium-dependent  processes  in  the 
control  of  axonal  transport.  Data  obtained  with  batrachotoxin  have  clarified  the 
mechanism  of  action  of  local  anesthetics.  Histrionicotoxin  and  various  analogs, 
because  of  their  remarkable  effects  on  ion  conductances,  provide  unique  tools  for 
the  study  of  the  acetylcholine-modulated  ion  channels  in  electrogenic  membrane. 
Data  with  histrionicotoxins  have  led  to  the  definition  of  a  regulatory  site  on 
chemosensitive  ion  channels  which  interacts  with  a  variety  of  drugs  and  medicinal 
agents  including  amantadine,  phencyclidine  and  local  anesthetics.  Gephyrotoxin 
provides  a  new  class  of  antagonists  for  potassium  channels  and  muscarinic  re- 
ceptors. Antagonism  of  potassium  channels  by  histrionicotoxins  and  gephyrotoxins 
provides  the  basis  for  possible  development  of  new  anti-arrhythmic  agents.  The 
purai 1 iotoxin-A  class  of  alkaloids  provides  an  important  new  structure  for  the 
possible  development  of  myotonic  and  cardiotonic  drugs.  Such  compounds  should 
prove  invaluable  tools  for  the  investigation  of  calcium-mechanisms  involved  in 
transmitter  release  and  muscle  contracture.   The  pumiliotoxin-C  class  of  alkaloids 
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provides  a  new  structure  with  curare-like  activity.  Such  compounds,  because  of 
their  lipophilic  character  should  now  allow  investigation  of  the  importance  of 
nicotinic  mechanisms  in  the  central  nervous  system.  Other  compounds  from  frog, 
fish,  insect,  and  plant  extracts  also  have  physiological  activities  which  warrant 
their  structural  and  pharmacological  investigation.  Examples  of  such  compounds 
occurring  in  frogs  and  toads  include  the  samandarine,  the  bufodienolides ,  the 
catecholamines,  indole  alkylamines  and  histamines,  and  hypotensive  and  centrally 
active  peptides.  The  potent  analgesic  effect  of  certain  frog  alkaloids  is  of 
particular  relevance  to  the  design  of  new  drugs,  since  these  alkaloids  probably  do 
not  appear  to  interact  with  the  central  opiate  receptor.  An  inhibitor  of  sodium- 
potassium  ATPase  present  in  skin  of  most  frogs  may  prove  to  be  an  endogenous 
regulatory  of  this  important  enzyme. 

Proposed  Course  of  Project:  The  structures  of  further  alkaloids  from  frogs 
of  the  general  Dendrobates ,  Colosthetus ,  and  Phyllobates  will  be  elucidated  with 
particular  emphasis  on  compounds  representing  new  classes  of  alkaloids.  The 
pharmacological  activity  of  batrachotoxins ,  pumiliotoxins ,  gephyrotoxins ,  and 
histrionicotoxins  will  be  studied  in  further  detail,  including  an  investigation  of 
their  effects  on  binding  of  ligands  to  various  classes  of  receptors.  Structure 
activity  correlations  for  these  classes  will  be  used  to  design  more  potent  ana- 
logs. The  effects  of  alkaloids  on  membrane  potential  and  neurotransmitter  release 
in  brain  microsac  preparations  and  their  interaction  with  local  anesthetics  and 
polypeptide  toxins  will  be  probed.  Radioactive  derivatives  of  batrachotoxin, 
gephyrotoxin,  histrionicotoxin,  and  pumiliotoxin  will  be  used  to  study  their 
ultrastructural  site  of  action.  Further  isolations  of  batrachotoxins,  histrioni- 
cotoxins, pumiliotoxins,  and  related  alkaloids  will  be  carried  out  to  provide 
material  for  chemical  and  pharmacological  study.  The  pharmacological  activity  of 
other  classes  of  dendrobatid  alkaloids  will  be  investigated.  The  nature  of  the 
inhibitors  of  sodium-potassium  ATPase  present  in  frog  skin  will  be  clarified.  The 
structure  of  a  potent  analgesic  alkaloid  present  in  only  trace  amounts  in  frogs 
will  be  further  delineated  by  the  synthesis  of  model  compounds  related  in  struc- 
ture to  a  pyrolysis  product  obtained  from  this  alkaloid.  Pharmacologically  active 
substances  will  be  investigated  in  extracts  from  other  families  of  tropical  frogs, 
from  fish,  insects,  and  plants.  Further  synthetic  analogs  of  dendrobatid  alka- 
loids will  be  prepared.  Extracts  will  be  examined  for  the  presence  of  new  types 
of  pharmacologically  active  peptides  and  for  compounds  which  antagonize  binding  of 
various  receptor  ligands. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  chemistry,  biochemistry  and  pharmacology  of  biogenic  amines,  their  amino 
acid  precursors  and  transformation  products  has  been  investigated.  The  areas 
of  specific  interest  are:  1)  the  immunolocalization  of  catechol-0-methyl- 
transferase  (COMT)  in  malignant  and  normal  human  and  rodent  tissues.  2)  The 
effect  of  the  substitution  of  fluorine  on  the  aromatic  ring  of  dopamine, 
norepinephrine ,  serotonin,  other  related  amines  and  their  amino  acid  precursors 
on  the  biological  properties  of  these  compounds.  3)  The  mechanism  of  toxicity 
and  leukocytopoiesis  of  2-f luorohistidine  in  normal  and  leukemic  mice,  and  the 
metabolism  and  incorporation  into  protein.  4)  Characterization  of  the  trypto- 
phan-deficient  rat.  5)  The  development  and  evaluation  of  a  computer-automated 
color  TV-tracking  system  for  the  automated  recording  of  the  behavior  of  rodents 
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Cooperating  Units  (Cont'd):  New  Haven,  CN;  J.D.  Kohli,  L.I.  Goldberg,  Univ. 
Chicago,  IL;  A.M.  Amine,  Univ.  Cairo,  Egypt;  G.  Pryor,  SRI,  Menlow  Park,  CA;  D.M. 
McCulloh,  Univ.  Maryland,  MD;  C.  Fiori,  NIH,  BEI;  J.  Weise,  T.  Lloyd,  Hershey  Med. 
Center,  Hershey,  PA;  J.  Crawley,  NIMH,  CP;  W.  West,  Howard  Univ.,  Wash.,  D.C.; 
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NIMH,  LCS;  R.  Williams,  J.  Burton,  Red  Cross  Res.  Inst.,  Bethesda,  MD;  I.J.  Kopin, 
NIMH,  LCS. 

Project  Description: 

Objectives :  To  study  the  basic  chemistry  and  biochemistry  of  the  catechol- 
amines, phenolic  amines,  indolealkylamines ,  imidazolealkylamines ,  and  their  pre- 
cursors and  metabolic  transformation  products.  To  develop  new  techniques  for  the 
investigation  of  membrane  transport  systems  and  receptors  as  related  to  these 
amines  and  their  interaction  with  various  drugs.  To  study  the  mechanism  of  action 
of  specific  neurodegenerative  agents  structurally  related  to  these  amines;  to 
investigate  the  specific  sites  of  the  cytotoxic  action  of  these  compounds  and  to 
describe  both  the  subcellular  morphological  changes  and  specific  interaction  with 
macromolecules  which  accompany  this  cytotoxic  action.  To  study  the  histopathology 
of  the  non-neuronal  effects  of  these  cytotoxic  amine  derivatives.  To  isolate  and 
purify  enzymes  operative  in  the  biosynthesis,  metabolism,  and  physiological  func- 
tion of  biogenic  amines.  To  determine  the  physical  properties  of  these  enzymes. 
To  prepare  specific  antibodies  to  the  development  of  radioimmunoassays  for  the 
measurement  and  localization  of  these  proteins.  To  investigate  the  distribution 
of  these  enzymes  and  proteins  at  both  the  cellular  and  subcellular  levels  through 
the  application  of  immunoperoxidase ,  ferritin,  and  fluorescence  techniques.  To 
determine  the  effects  of  the  introduction  of  fluorine  and  other  substituents  on 
the  aromatic  and  imidazole  rings  of  biogenic  amines  on  transport,  metabolic,  and 
receptor-mediated  systems  for  biogenic  amines.  To  investigate  the  metabolism, 
toxic  actions,  and  antineoplastic  effects  of  various  fluorine  analogs  of  the  amino 
acid  precursors  of  certain  biogenic  amines  and  to  ascertain  the  nature  and  mech- 
anism of  the  incorporation  of  these  analogs  into  protein  in  vivo  and  in  various 
cultured  cell  lines.  To  devise  and  test  a  system  for  the  quantitative  measurement 
of  rodent  behavior  and  to  correlate  such  measurements  with  function  of  biogenic 
amine  systems  in  brain. 

Methods  Employed:  Drugs,  biogenic  amines,  and  various  precursors  have  been 
prepared  with  deuterium,  iodine-125,  carbon-lA,  and  tritium  to  study  the  meta- 
bolism, transport,  distribution,  and  release  of  these  compounds.  Standard  methods 
of  synthetic  organic  chemistry  have  been  used  to  prepare  these  compounds. 
Standard  methods  of  protein  purification  and  analysis  have  been  used  to  purify  and 
isolate  various  enzymes  and  proteins,  as  well  as  specific  affinity  labeling  tech- 
niques and  immunoabsorption  techniques.  Standard  methods  of  histopathology  em- 
ploying light  and  electronmicroscopy  have  been  used  to  examine  the  cytotoxic 
effects  of  neurotoxic  amines  and  certain  cell  specific  toxic  amino  acid  deri- 
vatives. Standard  immunodiffusion,  electrophoresis  and  immunization  techniques 
have  been  employed  in  the  development  of  various  antibodies.  Standard  methods  of 
cell  culture  have  been  used  for  the  testing  of  various  amino  acid  analogs  on 
various  cell  lines.  New  techniques  for  the  fixation  of  tissues  to  facilitate  the 
localization  of  antibody-specific  proteins  have  been  developed.  A  new  system  for 
the  quantitative  analysis  of  rodent  behavior  has  been  explored  and  has  required 
the  development,  through  a  trial  and  error  procedure,  of  computer  analysis  to 
interpret  the  validity  of  the  behavioral  parameters. 
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Major  Findings: 

Catechol-O-methyltransf erase .  Specific  antibodies  to  rat  liver  catechol-0- 
methyltransferase  (COMT)  are  continuing  to  be  utilized  to  determine  the  localiza- 
tion of  COMT  at  the  cellular  and  subcellular  level;  to  measure  the  rate  of  syn- 
thesis and  degradation  of  this  enzyme;  to  measure  and  identify  COMT  in  various 
hybrid  cell  lines;  to  measure  and  localize  this  enzyme  in  animal  and  human  breast 
tumors  (adenocarcinomas);  and  to  follow  the  changes  in  COMT  localization  in  the 
developing  placental  decidua  in  the  course  of  both  normal  and  delayed  decidual 
development  in  rat  uterus  (Creveling) . 

An  extensive  study  of  the  distribution  of  COMT  in  the  CNS  of  rat  and  other 
rodents  has  been  published  and  a  generalized  theory  of  the  function  of  COMT  in  the 
CNS  is  in  the  final  stages  of  completion.  At  present  the  role  of  COMT  has  been 
divided  into  two  general  categories:  1)  dealing  especially  with  the  restriction 
of  catchol  diffusion  and  transport  between  fluid  compartments  both  in  the  CNS  and 
the  periphery,  and  2)  the  control  of  catechol  steroid  levels  in  the  developing 
placental  decidua  and  the  ductal  cells  of  the  lactating  mammal  (Creveling) . 

Specifically  the  distribution,  level  and  characterization  of  the  cellular 
locus  of  hormonally  sensitive  COMT  is  being  investigated  in  the  pregnant  rat 
uterus,  under  conditions  where  implantation  of  the  fertilized  blastocyst  is  de- 
layed by  administration  of  exogeneous  hormones.  As  regards  the  various  parameters 
of  COMT  in  both  rat,  mouse  and  human  breast,  studies  on  the  distribution  and  level 
of  COMT  under  normal  hormonal  stimuli  (lactation)  are  nearing  completion.  The 
level  of  COMT  measured  by  biochemical  and  by  immunochemical  techniques  appears  to 
increase  in  the  ductal  cells  during  lactation  and  decline  with  the  cessation  of 
lactation.  No  COMT  was  observed  in  secreting  cells  of  the  rodent  or  human  breast 
(Creveling) . 

Preliminary  studies  on  the  localization  of  COMT  in  various  tumors  of  both 
rodent  and  human  breast  have  been  completed.  It  is  evident  that  COMT  levels  are 
elevated  in  both  rodent  (transplantable)  and  human  adenocarcinomas  of  the  ductal 
tissues  of  breast.  The  technology  of  the  cellular  localization  of  COMT  by  immuno- 
fluorescence and  immunoperoxidase  have  been  improved  both  as  regards  specificity 
and  sensitivity.  Because  of  the  clinical  importance  of  this  technique  in  human 
breast  cancer  (60%  of  all  human  breast  cancers  are  ductal  cell  adenocarcinomas)  a 
large  number  of  tumors  of  known  history  and  diagnosis  are  being  surveyed  with 
regard  to  the  presence  of  elevated  COMT  levels  (Creveling) . 

The  turnover  of  COMT  in  rat  has  been  investigated.  The  apparent  turnover  is 
very  slow.   Further  studies  will  be  done  in  mice  (Creveling). 

Fluorine-Substituted  Biogenic  Amines.  The  progress  to  date  on  the  synthesis 
and  biological  properties  of  ring  fluorinated  biogenic  amines  emphasized  the 
special  advantages  of  the  substitution  of  fluorine  for  hydrogen  in  the  design  of 
analogs  of  biologically  important  compounds.  The  small  size  and  high  electron- 
egativity of  fluorine  allow  many  such  analogs  to  be  useful  pharmacological  and 
medicinal  agents.  Many  biogenic  amines  have  ionizable  groups  which  could  reflect 
directly  the  electronegative  effects  of  fluorine  substitution.  This  consideration 
prompted  us  to  investigate  synthetic  methods  for  the  ring-f luorination  of  a  series 
of  biogenic  amines.   Extensive  biological  evaluation  of  these  fluorinated  amines 
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has  revealed  several  fluoroamines  with  significantly  altered  biological  pro- 
perties. To  date,  the  most  interesting  results  have  involved  the  adrenergic 
agonists  specificities  of  norepinephrine  (NE).  While  5-FNE  behaves  like  NE,  6-FNE 
is  essentially  a  pure  a-adrenergic  agonist  and  2-FNE  is  a  pure  p-adrenergic 
agonist.  Altered  adrenergic  specificities  were  observed  with  the  fluoro  deriva- 
tives of  the  classical  p-and  a-agonists  isoproterenol  and  phenylephrine 
(Creveling) . 

Studies  in  intact  pinealocytes .  Alterations  in  p-adrenergic  agonist  activity 
resulting  from  fluorine  substitution  on  the  2-,  5-  or  6-position  of  the  aromatic 
ring  of  norepinephrine  were  investigated,  using  dispersed  neonatal  rat  pinealo- 
cytes. Increases  in  cyclic  AMP  in  these  cells  are  known  to  be  governed  entirely 
by  p-adrenergically  coupled  adenylate  cyclase.  Norepinephrine  (NE) ,  2F-NE,  5F-NE, 
and  6F-NE  were  tested  for  their  effects  on  cyclic  AMP.  In  parallel  studies,  the 
inhibition  of  [  ^^^I ] iodohydroxybenzylpindolol  (IHYP)  binding  to  pineal  p-adren- 
ergic receptors  by  these  compounds  was  studied.  All  of  the  agonists  inhibited 
IHYP  binding  and  elevated  intracellular  cyclic  AMP  in  a  dose-dependent  fashion. 
The  relative  potencies  of  norepinephrine  and  its  fluorine  derivatives  in  both 
studies  were  found  to  be  5F-NE  >  NE  >  2F-NE  >  6F-NE .  Increases  in  cyclic  AMP  were 
stereospecif ically  blocked  by  (-)-propanolol .  From  these  studies  it  appears  that 
fluorine  substitution  on  NE  at  the  5-position  enhances,  and  at  the  2-  and  6-posi- 
tion reduces,  the  ability  to  elevate  cyclic  AMP,  as  compared  to  that  of  norepi- 
nephrine, by  altering  agonist  affinity  for  the  p-receptor.  Additionally,  subtle 
differences  in  the  effects  of  the  different  fluorinated  analogs  on  pinealocytes  in 
the  presence  of  weak  antagonists  were  detected.  In  studies  of  antagonist  action 
on  agonist-induced  cyclic  AMP  accumulation,  substitution  at  the  5-  or  6-position 
resulted  in  derivatives  which,  when  compared  with  NE  and  2F-NE ,  appeared  less 
affected  by  the  weak  p-adrenergic  antagonist  (+)-propanolol  and  more  affected  by 
the  a-adrenergic  antagonist  phentolamine  (Creveling). 

Studies  of  the  extent  of  meta-  and  para-0-methylation  by  COMT  of  2-fluoro-, 
5-fluoro-  and  6-f luoronorepinephrine  (F-NE)  at  pH  7  and  9  were  determined.  The 
rank  order  of  preference  for  para-0-methylation  is  5-F-NE  >>  NE  >  6-F-NE  >  2-F-NE. 
In  all  cases  increasing  the  pH  to  9  results  in  an  increase  in  para-0-methylation. 
Results  with  2-  and  5-F-NE  demonstrate  the  importance  of  ionization  in  the  methyl- 
transferase  reaction  when  fluorine  is  situated  ortho  to  one  of  the  phenolic 
groups.  To  establish  unequivocally  the  identities  of  the  products,  the  isomeric, 
monof luorinated  vanillins  and  isovanillins  were  synthesized  and  directly  related 
to  the  products  formed  enzymatically  from  the  monof luorinated  norepinephrines 
(Creveling) . 

A  study  of  the  binding  of  f luoronorepinephrines  and  f luorodopamines  to  adren- 
ergic and  dopaminergic  receptors  in  rat  brain  membranes.  2-Fluoronorepinephrine 
(IC  '^0.8  pM)  is  a  relatively  selective  ligand  for  displacement  of  radioactive 
dihydroalprenolol  from  P  -adrenergic  receptors  in  membrane  preparations  from  rat 
cerebral  cortex.  It  is  less  potent  (IC^^  '^10  |jM)  in  displacing  dihydroalprenolol 
from  P„-adrenergic  receptors  in  rat  cerebellar  membranes  and  in  displacing  cloni- 
dine  from  a-adrenergic  receptors  in  rat  cerebral  cortical  membranes.  It  is  much 
less  potent  (IC  >100  |jM)  in  displacing  WB-4101  from  a-adrenergic  receptors  in 
rat  cerebral  cortical  membranes.  In  contrast,  being  at  least  50-200  times  more 
potent  at  such  receptors  than  at  p-adrenergic  receptors.  5-Fluoronorepinephrine 
like  norepinephrine  does  not  exhibit  remarkable  selectivity  towards  a-  and  p- 
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adrenergic  receptors.  The  2-,  5-  and  6-f luorodopamines  are  more  potent  ligands  at 
a  -adrenergic  receptors  than  at  a  -  and  p-adrenergic  receptors  but  the  specificity 
is  not  markedly  affected  by  the  position  of  the  fluorine  substituent.  The  results 
suggest  that  the  specificity  exhibited  by  the  2-  and  6-f luoronorepinephrine  at 
adrenergic  receptors  is  not  primarily  due  to  fluorine-induced  changes  in  the 
physicochemical  properties  of  the  aromatic  ring,  but  instead  to  stereoselective 
interactions  of  the  ethanolamine  side  chain  of  norepinephrine  with  fluorine  at 
either  the  2-  or  6-ring  position.  The  f luorodopamines  like  dopamine  itself  are 
more  potent  at  dopaminergic  than  at  a  or  p-adrenergic  receptors.  The  2-,  5-  and 
6-f  luorodopamines  are  all  nearly  equipotent  with  dopamine  in  the  displacement  of 
radioactive  spiroperidol  from  dopaminergic  receptors  in  membrane  preparations  from 
rat  striatum,  while  the  2-  and  6-f luorodopamine  are  somewhat  less  potent  than 
dopamine  or  5-f luorodopamine  in  displacement  of  radioactive  apomorphine  in  striat- 
al membranes  (Creveling) . 

Y-Acetylenic  GABA  is  an  irreversible  inhibitor  of  glutamate  decarboxylase 
(GAD).  Partially  purified  enzyme  labelled  by  [2-^H] -y-acetylenic  GABA  was  ana- 
lyzed by  line-immunoelectrophoresis  using  a  polyvalent  sheep-anti-GAD  antiserum. 
One  of  the  three  antigen-antibody  precipitin  lines  found  contained  radioactivity. 
Two-dimensional  electrophoresis  of  the  labelled  partially  purified  GAD  revealed 
two  radioactive  bands  of  molecular  weights  54,000  and  58,000. 

The  development  and  evaluation  of  a  computer-automated  color  TV-tracking 
system  for  the  automated  recording  of  the  behavior  of  rodents  has  been  completed. 
The  prototype  apparatus  has  been  transferred  to  the  Clinical  Psychobiology  Branch 
of  NIMH  (Creveling). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
biosynthesis,  uptake,  and  metabolism  of  biogenic  amines  and  their  amino  acid 
precursors  are  of  fundamental  importance  in  neurochemistry  and  pharmacology  and 
have  direct  bearing  on  the  function  of  both  the  central  and  peripheral  nervous 
systems.  The  role  of  catechol-0-methyltransferase  is  important  with  regard  to  the 
functioning  of  the  cardiovascular  system,  the  detoxification  of  xenobiotic  cate- 
chols, the  inactivation  of  catechol  steroids  and  in  the  metabolism  of  catechol- 
amine transmitters  in  the  central  nervous  system.  An  understanding  of  the  role, 
localization,  etc.  of  this  enzyme  may  provide  insight  into  a  variety  of  pathologi- 
cal conditions  in  man,  including  essential  hypertension  and  neoplastic  disease  of 
mammary  ductal  tissues.  The  unique  agonist-specificities  conferred  by  fluorine 
substitution  on  norepinephrine  has  provided  a  new  and  useful  means  of  examining 
agonist-adrenergic  receptor  interaction  and  may  lead  to  both  a  fundamental  insight 
into  the  nature  of  such  receptors  and  provide  pharmacological  agents  of  clinical 
value . 

Proposed  Course  of  the  Project:  The  application  of  antibodies  to  COMT  to  the 
localization  and  measurement  of  this  enzyme  will  be  continued  with  emphasis  upon 
the  nature  of  COMT-containing  cells  in  placental  decidua,  the  ductal  cell  of  both 
the  breast  and  salivary  gland.  A  survey  of  COMT  levels  in  tumors  of  the  human  and 
rodent  breast  has  been  initiated  with  regard  to  establishing  the  relationship,  if 
any,  of  elevated  levels  of  COMT  with  tumor  classification  and  estrogen-receptor 
pattern.  An  associated  enzyme,  estrogen-hydroxylase  will  be  investigated.  The 
soluble  form  will  be  isolated  and  antibodies  prepared.  Additional  fluorine-sub- 
stituted derivatives  of  norepinephrine,   other  biogenic  amines  and  adrenergic 
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antagonists  will  be  examined  as  regards  their  biological  properties.  The  study  of 
2-f luorohistidine  as  a  possible  antileukemic  agent  will  be  continued.  The  be- 
havior and  neurochemical  characterization  of  the  tryptophan-def icient  rat  will  be 
continued  as  a  possible  model  for  the  study  of  benzodiazepine  inhibiton  of  seizure 
threshold  in  rat.  The  computer-automated  color  TV-tracking  system  will  be  used  to 
investigate  subtle  effects  of  various  centrally  active  compounds  on  animal  be- 
havior. 
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The  regulation  of  adenylate  cyclase-^  and  phosphodiesterase  activity  by  norepi- 
nephrine ,  histamine,  serotonin,  dopamine ,  peptides ,  prostaglandins ,  adenosine, 
calmodulin,  guanyl  nucleotides,  receptors ,  P-sites ,  and  other  factors  has  been 
investigated.  Such  data  are  fundamental  to  an  understanding  of  the  role  of 
cyclic  nucleotides  in  the  central  nervous  system.  High  affinity  adenosine 
receptors  in  brain  membranes  selectively  bind  radioactive  N^-cyclohexyladeno- 
sine.  Antagonism  of  binding  of  the  cyclohexyladenosine  by  caffeine  and  other 
xanthines  correlates  with  the  central  stimulant  properties  of  these  agents. 
Radioactive  8-phenyl-l ,3-diethylxanthine  appears  to  be  a  prototype  of  a  ligand 
for  the  low  affinity  adenosine  receptor  in  brain  membranes.  Forskolin,  a 
diterpene,  rapidly  and  reversibly  activates  adenylate  cyclase  in  membranes  and 
in  intact  cells.  The  activation  involves  both  direct  activation  of  adenylate 
cyclase  and  facilitation  of  receptor-mediated  activation  of  enzyme.  The 
degree  of  facilitation  varies  markedly  with  the  nature  of  the  receptor  and 
tissue.  Responses  to  biogenic  amines  are  markedly  potentiated  by  forskolin. 
Forskolin  appears  to  represent  a  general  tool  for  the  investigation  of  the 
physiological  role  of  elevated  levels  of  cyclic  AMP  in  brain  and  other  tissues. 
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Project  Description: 

Objectives :  To  determine  the  factors  that  govern  the  formation,  metabolism, 
and  action  of  cyclic  AMP  and  cyclic  GMP  in  the  central  nervous  system.  To  in- 
vestigate the  possible  role  of  cyclic  nucleotides  in  regulating  metabolic  state, 
calcium  ion  levels  and  translocation,  and  membrane  properties  in  brain  tissue.  To 
investigate  the  interrelationship  between  the  release  and  function  of  neurotrans- 
mitters with  cyclic  nucleotide-systems .  To  investigate  the  role  of  adaptive 
changes  in  cyclic  nucleotide-generating  systems  in  drug-tolerance  and  dependence. 
To  investigate  the  role  of  membrane  structure  to  the  responsiveness  of  cyclic 
nucleotide-systems . 

Methods  Employed:  Surgical  techniques,  environmental  manipulation,  drug- 
regimens  are  used  to  alter  central  function.  Formation  and  metabolism  of  cyclic 
nucleotides  in  biological  preparations  and  with  isolated  enzymes  are  studied  with 
isotopically  labeled  compounds  and  with  a  variety  of  drugs  and  pharmacologically 
or  biochemically-active  agents. 

Major  Findings:  Adenosine  has  a  significant  role  in  many  functions  of  the 
central  nervous  system.  Behaviorally ,  adenosine  and  adenosine  analogs  have  marked 
depressant  effects.  Biochemically,  adenosine  inhibits  adenylate  cyclase  via  a 
"high"  affinity  receptor,  and  activates  adenylate  cyclase  via  a  "low"  affinity 
receptor.  These  receptors,  called  "A  "  and  "A  "  respectively,  show  differing 
profiles  for  activation  by  adenosine  analogs.  Radioactive  N^-cyclohexyladenosine 
binds  selectively  to  the  "high"  affinity  receptor.  Radioactive  cyclohexyladeno- 
sine  binding  kinetics  are  slow,  binding  is  higher  at  25°  than  0°  and  is  reduced  by 
guanine  nucleotides.  One  major  class  of  antagonists  is  known  at  adenosine  re- 
ceptors: the  alkylxanthines ,  including  caffeine  and  theophylline.  Radioactive 
1 ,3-diethyl-8-phenylxanthine,  a  particularly  potent  antagonist,  appears  to  bind  to 
both  low  and  high  affinity  adenosine  receptors.  In  bovine  brain  membranes  binding 
is  primarily  to  the  high  affinity  receptor,  while  in  guinea  pig  binding  is  to  both 
receptors.  Binding  kinetics  are  rapid  and  unaffected  by  guanine  nucleotides 
(Bruns,  Butts). 

Central  stimulant  actions  of  ten  methylxanthines  in  mice  correlate  with 
affinities  for  adenosine  recepotrs  labeled  with  [^H]N®-cyclohexyladenosine 
([^H]CHA).  Affinities  of  methylxanthines  for  adenosine  receptors  are  consonant 
with  central  levels  attained  at  behaviorally  effective  doses.  The  much  higher 
concentrations  of  methylxanthines  required  to  influence  benzodiazepine  receptor 
binding  do  not  correlate  with  behavioral  potency.  N^- (L-phenylisopropyl)adenosine 
(L-PIA) ,  a  metabolically  stable  analog  of  adenosine  with  high  affinity  for  adeno- 
sine receptors,  is  an  extremely  potent  behavioral  depressant,  reducing  locomotor 
activity  of  md  re  at  doses  as  little  as  0.05  |Jmoles/kg.  The  D-isomer,  which  has 
much  less  affinity  for  adenosine  receptors,  is  much  less  active  as  a  central 
depressant.  Theophylline  stimulates  locomotor  activity  and  reverses  depressant 
effects  of  L-PIA.  Caffeine  or  1 , 7-dimethylxanthine  when  administered  alone  elicit 
biphasic  effects,  with  locomotor  depression  at  lower  doses  and  stimulation  at 
higher  doses.  When  administered  with  L-PIA,  even  low  doses  of  caffeine  produce 
marked  stimulation.  3-Isobutyl-l-methylxanthine  (IBMX)  given  alone  elicits  only 
behavioral  depression.  However,  IBMX,  like  theophylline  and  caffeine,  reverses 
the  L-PIA-evoked  depression,  converting  it  into  pronounced  locomotor  stimulation. 
The  data  strongly  suggest  that  the  behavioral  stimulant  effects  of  methylxanthines 
involve  a  blockade  of  central  adenosine  receptors  (Bruns,  Butts). 
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The  endogenous  levels  of  adenosine  functionally  linked  to  cyclic  AMP  systems 
in  rat  cerebral  cortical  slices  are  regulated  by  both  adenosine  deaminase  and 
adenosine  uptake  systems.  2 ' -Deoxycoformycin  (2'-DCF),  an  adenosine  deaminase 
inhibitor,  slightly  increased  basal,  adenosine,  and  norepinephrine-elicited  accum- 
ulations of  cyclic  AMP,  whereas  dipyridamole,  an  uptake  inhibitor,  had  an  even 
greater  effect  on  cyclic  AMP  accumulations  under  the  same  conditions.  Neither 
2'-DCF  nor  dipyridamole  significantly  augmented  accumulations  of  cyclic  AMP 
elicited  by  a  depolarizing  agent,  veratridine,  suggesting  that  the  adenosine 
"released"  during  neuronal  depolarization  of  brain  slices  is  not  as  subject  to 
inactivation  by  uptake  or  deamination  as  endogenous  adenosine  in  control  brain 
slices.  The  response  to  a  pure  p-adrenergic  agonist,  isoproterenol,  was  not 
potentiated  by  2'-DCF,  dipyridamole,  or  veratridine,  consonant  with  minimal  inter- 
action of  endogenous  adenosine  with  p-adrenergic  systems  (Daly,  Nimit). 

Catecholamine,  histamine,  and  adenosine-mediated  accumulations  of  radioactive 
cyclic  AMP  were  assessed  in  adenine-labeled  slices  from  eight  rat  brain  regions. 
2-Fluoronorepinephrine ,  a  selective  p-adrenergic  agonist,  elicited  an  accumulation 
of  cyclic  AMP  in  cerebral  cortex,  cerebellum,  hippocampus,  striatum,  superior 
colliculi,  thalamus,  hypothalamus,  and  medulla-pons .  In  cerebral  cortex  and  most 
other  brain  regions,  the  p-adrenergic-mediated  response  appeared  to  involve  pri- 
marily p-adrenergic  receptors,  while  in  cerebellum,  there  was  a  significant 
involvement  of  p-adrenergic  receptors.  6-Fluoronorepinephrine,  a  selective 
a-adrenergic  agonist,  elicited  accumulations  of  cyclic  AMP  in  all  regions  except 
cerebellum.  Combinations  of  the  two  fluoro  derivatives  afforded  in  all  brain 
regions  an  accumulation  of  cyclic  AMP  identical  with  that  elicited  by  norepi- 
nephrine. In  hypothalamus,  the  a-  and  p-adrenergic  responses  were  significantly 
greater  than  additive.  In  cerebral  cortex,  the  a-adrenergic  receptor-mediated 
response  appeared  to  involve  a-adrenergic  receptors  and  to  be  nearly  completely 
dependent  on  adenosine,  while  in  other  brain  regions,  the  dependence  of  the  a- 
adrenergic  response  on  adenosine  was  less  or  absent.  Combinations  of  6-fluoro- 
norepinephrine  and  histamine  had  greater  than  additive  effects  in  cortex  and 
hippocampus.  The  results  indicate  that  the  interactive  control  of  cyclic  AMP- 
generating  systems  by  a-adrenergic,  p-adrenergic ,  adenosine,  and  histamine  re- 
ceptors differs  significantly  among  rat  brain  regions  (Creveling,  Padgett). 

Membranes  from  rat  cerebral  cortex  and  striatum  contain  a  relatively  large 
number  of  high  affinity  binding  sites  for  (^Hjadenine  arabinoside,  [ '*H]2 ' ,5 ' -di- 
deoxyadenosine  and  ( "^Hjadenosine .  The  specific  binding  of  all  three  ligands  is 
antagonized  by  a  variety  of  adenosine -analogs  which  inhibit  adenylate  cyclase  by 
interaction  with  the  so-called  P-site  associated  with  this  enzyme.  The  binding  of 
["^Hjadenine  arabinoside  and  [ ^H]2 ' ,5 ' -dideoxyadenosine  is  virtually  unaffected  by 
relatively  specific  agonists  and  antagonists  for  adenosine-receptor ,  such  as 
2-chloroadenosine,  N^-phenyl isopropyladenosine  or  theophylline.  Binding  of  [^H] 
adenosine  is  partially  blocked  by  the  receptor  ligands.  Potencies  of  adenosine- 
analogs  as  P-site  inhibitors  of  adenylate  cyclase  as  antagonists  of  binding  of 
( '^H] 2 '  ,5 ' -dideoxyadenosine  show  some  correlations.  5 ' -Methylthioadenosine  is  a 
notable  exception  with  high  potency  and  efficacy  versus  binding  of  [ '^H] 2 '  ,5 ' -di- 
deoxyadenosine  and  virtually  no  effect  on  activity  of  adenylate  cyclase.  2- 
Fluoro-derivatives  of  adenosine,  adenine  arabinoside  and  adenine  xylofuranoside 
are  more  potent  than  the  parent  compounds  as  P-site  inhibitors,  but  2-f luoroadeno- 
sine  is  much  less  potent  than  adenosine  as  an  antagonist  of  specific  binding  of 
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[•^H]2 ' ,5 ' -dideoxyadenosine.  The  specific  binding  sites  for  [^H]2 ' ,5 ' -dideoxy- 
adenosine  are  heat  and  trypsin-sensitive ,  but  the  significance  of  such  sites 
remains  unknown  (Daly,  Nimit) . 

Forskolin,  a  diterpene  from  the  roots  of  Coleus  forskohlii ,  activates  adenyl- 
ate cyclase  in  rat  cerebral  cortical  membranes  in  a  rapid  and  reversible  manner. 
Activation  is  not  dependent  on  exogenous  guanyl  nucleotides  and  is  not  inhibited 
by  GDP-pS  when  assayed  with  AppNHp  as  substrate.  GTP  and  GDP  potentiate  forsko- 
lin-responses .  The  activations  of  adenylate  cyclase  by  forskolin  and  GppNHp  are 
not  additive,  while  activations  by  forskolin  and  fluoride  are  additive  or  parti- 
ally additive.  The  responses  of  adenylate  cyclase  to  forskolin  or  fluoride  are 
not  inhibited  by  manganese  ions,  while  the  GppNHp-response  is  completely  blocked. 
Activation  of  adenylate  cyclase  by  forskolin  is  considerably  greater  than  the 
activation  by  fluoride  in  membranes  from  rat  cerebellum,  striatum,  heart,  and 
liver,  while  being  about  equal  or  less  than  the  activation  by  fluoride  in  other 
tissues.  Forskolin  (EC  25  |JM)  causes  a  rapid  and  readily  reversible  35-fold 
elevation  of  cyclic  AMP  in  rat  cerebral  cortical  slices  which  is  not  blocked  by  a 
variety  of  neurotransmitter  antagonists.  Low  concentrations  of  forskolin  (1  |JM) 
augment  the  response  of  cyclic  AMP-generating  systems  in  brain  slices  to  nore- 
pinephrine, isoproterenol,  histamine,  adenosine,  prostaglandin  E  ,  and  vasoactive 
intestinal  peptide.  Forskolin  would  appear  to  activate  adenylate  cyclase  through 
a  unique  mechanism  involving  both  direct  activation  of  the  enzyme  and  facilitaion 
or  potentiation  of  the  modulation  of  enzyme  activity  by  receptors  and/or  the 
guanyl  nucleotide-binding  subunit.  Forskolin  has  no  effect  on  guanylate  cyclase 
(Seamon,  Padgett). 

Forskolin  inhibits  the  potassium-evoked  release  of  radioactive  norepinephrine 
from  guinea  pig  cerebral  cortical  synaptosomes .  The  effect  of  forskolin  is  poten- 
tiated by  a  phosphodiesterase  inhibitor  (Ebstein) . 

Forskolin  markedly  inhibits  arachidonate ,  ADP  and  epinephrine-elicited  aggre- 
gation of  human  platelets.  The  inhibitory  effect  on  aggregation  correlates  with 
stimulatory  effects  on  cyclic  AMP  levels  (Siegl). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
key  role  of  cyclases  and  cyclic  AMP  and  cyclic  GMP  in  regulating  cellular  activity 
in  response  to  external  stimuli  in  many  biological  systems  make  elucidation  of 
their  role  in  brain  of  fundamental  importance  to  an  understanding  of  function  in 
this  organ  and  to  the  development  of  drugs  for  the  treatment  of  malfunctions 
involving  cyclic  nucleotide  systems. 

Proposed  Course  of  Project:  The  physiological  significance  of  receptors, 
calmodulin,  phospholipids,  gangliosides ,  and  guanyl  nucleotides,  for  the  re- 
gulation of  adenylate  cyclases  and  phosphodiesterases  will  be  investigated.  The 
diterpene  forskolin  will  be  studied  in  detail  both  as  a  probe  for  the  mechanism 
whereby  receptors  control  adenylate  cyclase  and  as  a  tool  for  investigating  phy- 
siological roles  of  cyclic  AMP  in  brain  and  other  tissues.  Secondary  effects  on 
enzymes  and  modulators  due  to  elevated  cyclic  AMP  levels  in  brain  tissue  will  be 
investigated.  The  in  vivo  effects  of  drugs  and  the  effects  of  lesions  and  hor- 
monal or  dietary  alterations  on  the  responsiveness  of  the  cyclic  AMP-systems  will 
be  further  explored.  The  nature  of  the  adenosine-receptor  will  be  studied  further 
using  adenosine  analogs  and  antagonists  modified  for  possible  affinity  labeling. 
Other  agents  with  selective  effects  on  adenosine,  adrenergic,  serotonergic,  and 
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histaminergic  systems  will  be  sought  and  investigated.  Further  ligands  for  re- 
ceptors associated  with  cyclase  systems  will  be  sought  and  investigated.  The  role 
of  calcium  ions  and  its  interrelationship  with  prostaglandin  and  adenosine  in  the 
function  of  cyclic  AMP-generating  systems  will  be  further  investigated,  both  in 
vivo  and  in  vitro.  Correlations  between  cyclic  GMP  and  cyclic  AMP  levels  in  brain 
slices  will  be  attempted.  Antibodies  to  enzymes  and  regulatory  proteins  involved 
in  the  cyclic  AMP-generating  systems  will  be  prepared  and  effects  of  various 
regimens  on  the  turnover,  levels,  and  distribution  of  these  enzymes  and  regulatory 
proteins  in  brain  will  be  investigated.  Further  attempts  to  develop  more  se- 
lective inhibitors  of  cyclases,  phosphodiesterases,  and  kinases  will  be  made.  The 
mechanism  of  amine-adenosine  interactions  and  desensitization  of  receptor-adeny- 
late  cyclase  complexes  will  be  probed  in  slices  and  vesicular  entities  from  brain. 
Correlations  of  cyclic  AMP-levels,  membrane  potential,  neurotransmitter  release, 
and  protein  phosphorylation  will  be  investigated  further. 
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Recognition  sites  (receptors)  present  in  the  central  nervous  system  are  physio- 
logically modulated  by  endogenous  transmitters  and  modulators .  Furthermore,  it 
is  believed  that  many  psychotropic  drugs  exert  their  therapeutic  actions  by 
affecting  these  receptors.  Several  receptor  systems  are  currently  under 
study,  including  receptors  for  benzodiazepines ,  tricyclic  antidepressants,  and 
adenosine.  The  role  and  regulation  of  these  systems  are  investigated  by:  1) 
Biochemical  studies  of  recognition  sites.  It  is  believed  these  sites  may  be 
physiologically  involved  in  anxiety,  convulsions ,  muscle  relaxation,  and  sleep 
(benzodiazepine  receptors) ,  depression  (tricyclic  antidepressant  receptors) , 
and  sleep/ wake fulness  (adenosine  receptors).  2)  Characterization  of  endogenous 
modulators  (ligands)  of  these  receptor  sites.  3)  Development  of  appropriate 
in  vitro  models  for  these  receptors.  4)  Structure-activity  studies  of  chemi- 
cally modified  substances  which  are  related  to  putative  endogenous  ligands  or 
modulators  of  these  receptor  sites.  5)  Behavioral  and  pharmacologic  manipu- 
lation of  experimental  animals  to  perturb  these  systems,  combined  with  an 
examination  of  alterations  in  the  character  of  these  receptor  sites. 
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Project  Description: 

Objectives :  To  characterize  and  determine  the  role  and  regulation  of  re- 
ceptors for  tricyclic  antidepressants,  benzodiazepines,  and  adenosine  in  the 
central  nervous  system.  To  isolate,  identify  and  characterize  endogenous  sub- 
stances which  physiologically  modulate  these  receptor  sites.  To  examine  the 
effects  of  physiologic,  pharmacologic,  and  behavioral  intervention  on  the  plastic- 
ity of  these  recognition  sites.  To  develop  potential  therapeutic  agents  and 
neurochemical  tools  with  information  obtained  from  the  above  studies. 

Methods  Employed:  Radioreceptor  assay  is  used  as  the  primary  tool  in  neuro- 
chemical characterization  of  receptor  sites  and  as  a  means  of  detecting  the  pre- 
sence and  quantity  of  endogenous  substances  which  regulate  these  sites.  Platelet 
enriched  plasma  and  brain  membranes  (rodent  and  human)  were  used  in  studying 
tricyclic  antidepressant  binding  ([^H]  imipramine  and  desipramine) .  Brain  mem- 
branes and  brain  slices  have  been  used  to  study  the  binding  of  ["^H]  benzodiaze- 
pines. Brain  membranes  were  used  to  characterize  the  binding  of  ["^H]  cyclohexyl- 
adenosine  (CHA) ,  a  stable  adenosine  derivative.  Radioenzymatic  techniques  com- 
bined with  thin-layer  chromatography  were  used  to  examine  the  role  of  adenosine 
deaminase  in  the  sedative/hypnotic  actions  of  9- (erthyro-hydroxynonyl)adenine 
(EHNA) ,  an  inhibitor  of  adenosine  deaminase.  High  pressure  liquid  chromatography, 
gel  filtration,  and  membrane  filtration  have  been  used  to  characterize  endogenous 
compounds.  Pharmacologic  testing  of  compounds  has  been  accomplished  through  two 
procedures.  Anticonvulsant/proconvulsant  activity  was  assessed  using  sensitivity 
to  the  convulsant  pentylenetetrazole  (PTZ).  A  newly  designed  behavioral  apparatus 
which  measures  the  activity  of  mice  in  a  novel  environment  was  employed  in  exam- 
ination of  anxiolytic  activity  as  well  as  for  disruption  of  the  anxiolytic  action 
of  compounds  such  as  the  benzodiazepines . 

Major  Findings :  Saturable,  high  affinity  binding  of  radiolabelled  tricyclic 
antidepressants  have  been  characterized  in  both  rat  and  human  brain  as  well  as 
human  platelets.  Chemical  and  electrolytic  lesions  of  the  brain,  the  inhibition 
of  [^H]  imipramine  binding  with  2 ,8-dinitroimipramine  (an  irreversible  inhibitor), 
and  competition  studies  with  a  series  of  pharmacologically  active  secondary  and 
tertiary  amine  tricyclic  antidepressants  were  used  to  evaluate  the  nature  of  this 
binding  site.  The  results  strongly  suggest  that  [^H]  imipramine  labels  sites  in 
rat  and  human  brain  and  platelet  which  is  an  integral  component  of  the  transport 
site  for  serotonin.  In  contrast,  high  affinity  ["^H]  desipramine  binding  labels 
sites  associated  with  the  uptake  of  norepinephrine  in  rat  brain.  A  significant 
reduction  in  the  number  of  [^H]  imipramine  binding  sites  were  observed  in  non- 
medicated  patients  diagnosed  as  unipolar  depressed  compared  with  age  and  sex 
matched  controls  (Skolnick) . 

Studies  with  p-carbolines  were  initiated  to  determine  if  these  compounds, 
which  inhibit  [^H]  diazepam  binding  with  high  affinity  in  vitro,  possess  a  pharma- 
cologic action.  It  was  observed  that  3-hydroxymethyl-p-carboline ,  which  inhibits 
[^H]  diazepam  binding  in  vitro  (K .  of  "^lUlO  nM)  antagonized  both  the  anticonvul- 
sant and  anxiolytic  actions  of  diazepam  in  mice  at  doses  which  do  not  elicit  gross 
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behavioral  alterations  (including  sedation)  in  the  animal.  This  compound  also 
antagonized  the  anxiolytic  actions  (in  mice)  of  both  meprobamate  and  pentobar- 
bital. Other  p-carbolines  (e.g.  3-formyl-p-carboline)  were  also  found  to  anta- 
gonize these  pharmacologic  actions  of  diazepam.  The  structure  activity  relation- 
ships of  a  series  of  p-carbolines  revealed  the  importance  of  substitution  in  the  3 
position  of  this  molecule  for  optimum  affinity  at  the  benzodiazepine  receptor. 
The  molecules  in  this  series  with  the  highest  affinities  for  the  benzodiazepine 
receptor  all  possessed  a  carbonyl  oxygen  at  the  3  position.  The  length  of  the 
carbon  substitution  at  this  position  did  not  significantly  change  affinity.  Sub- 
stitution at  the  C-1  position  resulted  in  a  dramatic  loss  in  activity,  as  did 
reduction  of  the  pyridine  ring  to  yield  the  isosteric  tetrahydro-p-carboline 
series.  Several  of  the  p-carbolines  examined  had  Hill  coefficients  significantly 
less  than  unity  for  displacement  of  [^H]  diazepam,  suggesting  a  preferential 
interaction  with  one  subpopulation  of  benzodiazepine  receptor.  These  data  also 
support  the  hypothesis  that  the  tremors  and  sedation  observed  with  many  p-carbo- 
lines  may  be  unrelated  to  their  interaction  with  benzodiazepine  receptors 
(Skolnick) . 

Barbiturates  (such  as  pentobarbital)  were  found  to  have  a  dual  action  to 
enhance  the  binding  of  [^H]  benzodiazepines  to  benzodiazepine  receptors  in  the 
CNS.  Using  pentobarbital  as  a  model  barbiturate,  it  was  found  that  at  relatively 
high  concentrations  (corresponding  to  brain  levels  achieved  after  anesthetic 
doses)  enhance  ["^H]  diazepam  binding  by  increasing  receptor  affinity.  At  approxi- 
mately 10-fold  lower  concentrations  (corresponding  to  tissue  levels  achieved  after 
anxiolytic  doses),  pentobarbital  potentiated  the  GABA-enhanced  binding  of  ["^H] 
diazepam.  At  maximally  effective  concentrations  of  GABA ,  addition  of  pentobar- 
bital resulted  in  no  more  than  an  additive  action.  The  "direct"  actions  of  pento- 
barbital were  anion  dependent  (both  the  potency  and  maximum  effect  were  lowered  in 
the  absence  of  chloride,  iodide,  bromide  or  other  molecules  which  readily  pene- 
trate chloride  channels)  and  blocked  by  the  GABA-antagonist ,  bicuculline  or  the 
chloride  ionophore  blocker,  picrotoxin.  The  "direct"  (i.e.  in  the  absence  of 
exogenously  added  GABA)  actions  of  pentobarbital  were  also  sensitive  to  physical 
manipulation  of  the  tissue,  e.g.  f reeze-thawing  and  detergent  treatment  markedly 
reduced  this  effect  to  increase  [^H]  diazepam  binding.  A  large  number  of  barbi- 
turates share  this  action  with  pentobarbital,  such  as  hexobarbital ,  amobarbital, 
and  the  convulsant  barbiturate  dimethylbutylbarbituric  acid  (DMBB) .  The  enhance- 
ment of  [^H]  diazepam  binding  by  barbiturates  exhibited  stereospecif icity ;  a  3-4 
fold  difference  in  potency  was  observed  using  the  enantiomers  of  DMBB.  Further- 
more, marked  regional  differences  were  observed  in  rodent  brain  with  respect  to 
both  the  potency  and  efficacy  of  barbiturates  in  enhancing  benzodiazepine  receptor 
affinity.  The  phenomenon  of  a  dual  enhancement  of  benzodiazepine  receptor 
affinity  by  barbiturates  is  reminiscent  of  the  electrophysiological  actions  of 
barbiturates  observed  on  cultured  spinal  cord  neurons.  That  is,  at  relatively  low 
concentrations  of  barbiturate,  a  potentiation  of  the  depressant  actions  of  GABA 
are  observed,  while  at  higher  concentrations,  a  direct  depressant  action  on  neuro- 
nal excitability  is  induced  by  barbiturates  such  as  pentobarbital.  These  observa- 
tions have  been  instrumental  in  constructing  a  model  of  the  benzodiazepine  re- 
ceptor as  one  component  of  a  functionally  linked  supramolecular  complex  consisting 
of  a  benzodiazepine  receptor,  GABA  receptor,  and  chloride  ionophore  which  may 
mediate  the  pharmacologic  actions  of  a  variety  of  drugs  including  barbiturates, 
benzodiazepines,  triazolopyridazines  and  pyrazolopyridines  (Skolnick). 
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Studies  with  a  brain  slice  preparation  from  rat  cerebral  cortex  suggest  that 
this  system  may  be  an  excellent  model  for  examining  the  in  vitro  regulation  of 
benzodiazepine  receptors.  High  affinity,  saturable,  and  stereospecif ic  binding  of 
[^H]  f lunitrazepam  has  been  observed  with  this  system.  Kinetic  parameters  (such 
as  B  and  K  )  approximate  those  found  in  disrupted  cell  preparations.  This 
system  may  be  superior  to  the  disrupted  cell  preparation  in  certain  studies  re- 
quiring the  intact  neural  architecture  of  the  brain  to  be  maintained  (Williams) . 

Brain  extracts  of  rats  which  have  been  sleep  deprived  for  24  hours  have  been 
observed  to  contain  endogenous  compounds  which  enhance  [^H]  diazepam  binding  more 
than  identical  extracts  prepared  from  sleep  deprived  controls.  This  compound(s) 
is  dialyzable  and  heat  stable.  In  addition,  less  of  an  inhibitory  factor  may  also 
be  produced  through  sleep  deprivation.  Further  studies  are  now  in  progress  to 
characterize  these  factors  (Skolnick) . 

Several  N^-substituted  adenosine  derivatives  such  as  KM-12,  (2'-chloro- 
benzyl)-N^-adenosine,  and  KM-13,  (N^- [2- (4-chlorophenyl)-bicyclo-2 . 2 . 2 . octyl- (3) ] - 
adenosine,  have  been  demonstrated  to  affect  the  benzodiazepine  receptor  either  by 
competitive  inhibition  at  the  receptor  (KM-12)  or  by  increasing  benzodiazepine 
receptor  number  (KM-13).  Furthermore,  both  KN-12  and  KM-13  possess  marked  seda- 
tive and  anticonvulsant  actions,  and  KM-13  has  been  demonstrated  to  have  an  an- 
xiolytic action  with  a  potency  comparable  to  chlordiazepoxide  (Librium) .  Re- 
cently, it  has  been  demonstrated  that  other  N^-substituted  adenosines  such  as 
cyclohexyladenosine(CHA)  and  L-phenylisopropyladenosine  are  potent,  long  lasting 
sedatives  when  administered  to  mice.  These  compounds  are  not  potent  inhibitors  of 
[■^H]  diazepam  binding  but  have  high  affinities  for  adenosine  (A  )  receptors  in  the 
CNS.  We  have  investigated  the  potency  of  KM-12,  KM-13  and  other  related  N*^-sub- 
stituted  adenosine  derivatives  at  A  receptors.  Both  KM-12  and  KM-13  inhibit  ['^H] 
CHA  binding  with  affinities  (K . )  of  less  than  100  nM.  These  data  suggest  that  the 
sedative/hypnotic  actions  of  some  N^-substituted  adenosine  derivatives  may  be 
related  to  their  interaction  with  adenosine  rather  than  benzodiazepine  receptors. 
In  conjunction  with  these  findings,  we  have  demonstrated  that  administration  of  an 
inhibitor  of  adenosine  deaminase,  9- (erthryo-hydroxynonyl)adenine  (EHNA) ,  which 
prevents  the  metabolism  of  endogenous  adenosine,  results  in  a  long  lasting  seda- 
tive action  in  mice.  The  time  course  of  the  sedation  appears  to  correlate  with  the 
inhibition  of  this  enzyme  (Skolnick,  Schweri,  Williams). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Benzo- 
diazepines and  tricyclic  antidepressants  are  among  the  most  widely  prescribed 
drugs  in  current  therapeutic  use.  Understanding  of  the  mechanism  of  action  of 
these  compounds,  as  well  as  the  identification  of  endogenous  compounds  which 
physiologically  control  these  sites  are  of  fundamental  importance  to  our  under- 
standing of  epilepsy,  anxiety-neuroses,  sleep  disorders,  alcoholism,  and  depres- 
sion. Furthermore,  these  studies  can  provide  information  towards  the  development 
of  therapeutic  agents  which  may  lack  deleterious  side  effects. 

Proposed  Course  of  Project:  The  significance  of  the  proposed  benzodiaze- 
pine-GABA  receptor-chloride  ionophore  complex  will  be  examined  in  disease  states 
where  altered  sensitivity  to  centrally  acting  drugs  has  been  demonstrated  (e.g. 
hepatic  encephalopathy).  The  interaction  of  benzodiazepine  and  adenosine  receptors 
will  be  investigated  through  behavioral  modification  of  animals  (e.g.  sleep  de- 
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privation,  tryptophan  deprivation)  as  well  as  further  study  of  the  structural 
requirements  for  compounds  to  interact  with  each  of  these  recognition  sites.  The 
heterogeneity  of  benzodiazepine  receptors  will  be  further  explored  by  the  use  of 
p-carbolines  which  have  strict  structural  requirements  for  preferential  inter- 
action with  receptor  subtypes.  The  brain  slice  will  be  used  to  examine  in  vitro 
regulation  of  benzodiazepine  receptors.  Purification  of  the  "serotonin  trans- 
porter" in  human  platelet  will  be  attempted  by  the  use  of  irreversible  ligands 
(i.e.  nitroimipramine  derivatives)  at  these  sites.  Since  postmortem  studies  of 
norepinephrine  and  serotonin  uptake  have  not  been  possible  because  of  the  post- 
mortem lability  of  the  uptake  processes  (but  not  of  the  initial  recognition  step 
in  transport,  which  we  conclude  is  related  to  the  binding  of  tricyclic  antide- 
pressants such  as  desipramine  and  imipramine) ,  studies  of  ["^H]  tricyclic  antide- 
pressant binding  to  postmortem  brain  (in  e.g.  unipolar  versus  bipolar  depressed 
patients)  will  be  attempted. 

Miscellaneous:  Awards:  A.E.  Bennett  Award  in  Biological  Psychiatary 
(Skolnick).  Patents:  US  Patent  #  4,239,744,  A  radioreceptor  assay  for  benzo- 
diazepines in  plasma  and  other  biological  fluids  (Skolnick). 

Publications : 

Skolnick,  P.,  Paul,  S.M.,  and  Marangos,  P.J.:  Purines  as  endogenous  ligands  of 
the  benzodiazepine  receptor.   Fed.  Proc.  39:  3050-3055,  1980. 

Paul,  S.M.,  Marangos,  P. J. ,  Goodwin,  F.K.,  and  Skolnick,  P.:  Brain  specific 
benzodiazepine  receptors  and  putative  endogenous  "benzodiazepine-like"  compounds. 
Biol.  Psychiatry  15:  407-428,  1980. 

Williams,  E.F.,  Rice,  K.C.,  Paul,  S.M.,  and  Skolnick,  P.:  Heterogeneity  of  benzo- 
diazepine receptors  in  the  CNS  demonstrated  with  kenazepine,  an  alkylating  benzo- 
diazepine.  J.  Neurochem.  35:  591-597,  1980. 

Skolnick,  P.,  Lock,  K.-L.,  Paul,  S.M.,  Marangos,  P.J.,  Jonas,  R.,  and  Irmscher, 
K.:  Increased  benzodiazepine  receptor  number  elicited  in  vitro  by  a  novel  purine, 
EMD  28422.   Eur.  J.  Pharmacol.  67:  179-186,  1980. 

Skolnick,  P.,  Lock,  L.-L.,  Paugh,  B.A.,  Moncada,  V.,  Marangos,  P.,  Windsor,  V.  , 
and  Paul,  S.:  Pharmacologic  effects  of  EMD  28422,  a  novel  purine  which  enhances 
(^Hjdiazepam  binding.   Pharmacol.  Biochem.  Behav.  12:  685-689,  1980. 

Paul,  S.M.,  Marangos,  P.J.,  and  Skolnick,  P.:  Antianxiety  agents.  In  Pradhan, 
S.N.  and  Maickel,  R.  (Eds.):  Textbook  of  Pharmacology.  New  York,  C.V.  Mosby  & 
Co.  ,  1981 ,  in  press . 

Paul,  S.M.,  Marangos,  P.J.,  and  Skolnick,  P.:  CNS  benzodiazepine  receptors:  Is 
there  an  endogenous  ligand?  In  Olsen,  R.W.,  and  Yamamura,  H.I.  (Eds.):  Psycho- 
pharmacology  and  Biochemistry  of  Neurotransmitter  Receptors.  New  York,  Elsevier 
North  Holland,  1980,  pp.  661-676. 

Paul,  S.,  Marangos,  P.,  Brownstein,  M.,  and  Skolnick,  P.:  Demonstration  and 
characterization  of  an  endogenous  inhibitor  of  GABA-enhanced  [ -^H] diazepam  binding 
from  bovine  cerebral  cortex.  In  Costa,  E.,  di  Chiari,  G. ,  and  Gessa,  G.L.  (Eds.): 
GABA  and  Benzodiazepine  Receptors.    New  York,   Raven  Press,   1981,  pp.   103-110. 

608 


Project  No.  ZOl  AM  31103-03  LBC 

Rehavi,  M.  ,  Paul,  S.M.,  Skolnick,  P.,  and  Goodwin,  F.K.:  Demonstration  of  speci- 
fic high  affinity  binding  sites  for  [ ^H] imipramine  in  human  brain.  Life  Sci.  26: 
2273-2279,  1980. 

Paul,  S.M.,  Rehavi,  M.  ,  Skolnick,  P.,  and  Goodwin,  F.K.:  Demonstration  of  "high 
affinity"  binding  sites  for  [^H] imipramine  on  human  platelets.  Life  Sci.  26: 
953-959,  1980. 

Brossi,  A.,  Rice,  K.C.,  Mak,  C.-P.,  Reden,  J.,  Jacobson,  A.C.,  Nimitkitpaisan,  Y.  , 
Skolnick,  P.,  and  Daly,  J.:  Mammalian  Alkaloids.  VIII.  Synthesis  and  biological 
effects  of  tetrahydropapaveroline  related  1-benzyltetrahydroisoquinolines .  J. 
Med.  Chera.  23:  648-652,  1980. 

Marangos,  P. J. ,  Martino,  A.M.,  Paul,  S.M.,  and  Skolnick,  P.:  The  benzodiazepines 
and  inosine  antagonize  caffeine-induced  seizures.  Psychopharmacology  72:  269-274, 
1981. 

Skolnick,  P.,  Paul,  S.,  Zatz,  M.  ,  and  Eskay,  R. :  "Brain-specific"  benzodiazepine 
receptors  are  associated  with  neuronal  elements  in  rat  retina.  Eur.  J.  Pharmacol. 
66:  133-136,  1980. 

Skolnick,  P.,  Paul,  S.M.,  and  Barker,  J.L.:  Pentobarbital  potentiates  GABA-en- 
hanced  [^Hjdiazepam  binding  to  benzodiazepine  receptors.  Eur.  J.  Pharmacol.  65: 
125-127,  1980. 

Skolnick,  P.,  and  Paul,  S.:  Benzodiazepine  Receptors.  In  Hess,  H.J.  (Ed.): 
Annual  Reports  in  Medicinal  Chemistry.   New  York,  Academic  Press,  1981,  in  press. 

Marangos,  P.,  Paul,  S.,  Parma,  A.,  and  Skolnick,  P.:  Inhibitions  of  GABA  stimu- 
lated [  "^H] diazepam  binding  by  benzodiazepine  receptor  ligands.  Biochem.  Pharm- 
acol., in  press,  1981. 

Paul,  S.M.,  Rehavi,  M.,  Skolnick,  P.,  and  Goodwin,  F.K.:   High  affinity  binding 
sites  for  [^H] imipramine  in  human  brain  and  platelet:   Clinical  implications.   In: 
Proc.  Xllth  Collegium  Internationale  Neuro-Psychopharmacologium  (C.I.N. P.),  Gothen- 
burg, Sweden,  1981,  in  press. 

Paul,  S.M.,  Zatz,  M.  ,  and  Skolnick,  P.:  Avermectin  B  :  An  irreversible  acti- 
vator of  the  GABA-benzodiazepine-chloride-ionophore  receptor  complex.  Biochem. 
Biophys.  Res.  Commun.  96:  632-638,  1980. 

Skolnick,  P.,  Moncada,  V.,  Barker,  J.,  and  Paul,  S.:  Pentobarbital  has  dual 
actions  to  increase  brain  benzodiazepine  receptor  affinity.  Science  211: 
1448-1450,  1981. 

Skolnick,  P.,  and  Paul,  S.:  The  mechanism(s)  of  action  of  the  benzodiazepines. 
Medicinal  Res.  Rev.  1:  3-22,  1981. 

Marwaha,  J.,  Palmer,  M.  ,  Hoffer,  B.,  Freedman,  R.,  Rice,  K.  ,  Paul,  S.,  and 
Skolnick,  P.  :  Differential  central  nervous  response  to  dextro-  and  levorotatory 
isomers  of  1- (l-phenylcyclohexyl)-3-methylpiperidine  (PCMP) :  Correlation  of 
electrophysiological  and  behavioral  activity.  Naunyn-Schmiedeberg ' s  Arch.  Pharma- 
col. 315:  203-209,  1981. 


609 


Project  No.  ZOl  AM  31103-03  LBC 

Williams,  E.,  Rice,  K.  ,  Mattson,  M.  ,  Paul,  S.,  and  Skolnick,  P.:  In  vivo  effects 
of  two  novel  alkylating  benzodiazepines,  irazepine  and  kenazepine.  Pharmacol. 
Biochem.  Behav.  14:  487-491,  1981. 

Paul,  S.,  and  Skolnick,  P.:  Benzodiazepine  receptors  and  psychopathologica] 
states:  Towards  a  neurobiology  of  anxiety.  In  Klein,  D.F.,  and  Rabkin,  J.G. 
(Eds.):  Anxiety:  New  Research  and  Changing  Concepts.  New  York,  Raven  Press, 
1981,  pp.  215-233. 

Paul,  S.,  Marangos,  P.,  and  Skolnick,  P.:  The  benzodiazepine-GABA-chloride-iono- 
phore  receptor  complex:  Common  site  of  minor  tranquilizer  action  (1980  A.E. 
Bennett  Award  Paper).   Biol.  Psychiatry  16:  213-229,  1981. 

Crawley,  J.N.,  Marangos,  P.J.,  Paul,  S.N.,  Skolnick,  P.,  and  Goodwin,  F.:  Purine- 
benzodiazepine  interaction:  Inosine  reverses  diazepam-induced  stimulation  of 
mouse  exploratory  behavior.   Science  211:  725-727,  1981. 

Skolnick,  P.,  and  Paul,  S.M.:  Anxiety:  Mechanism  and  management.  In  Gatchel, 
R. ,  Baum,  A.,  and  Singer,  J.E.  (Eds.):  Handbook  of  Experimental  Psychology.  New 
York,  Lawrence  Erlbaum  Associates,  1981,  in  press. 

Skolnick,  P.,  Marangos,  P.J.,  and  Paul,  S.M.:  The  role  of  benzodiazepine  recep- 
tors in  seizures.  In  Delgado-Escueta ,  A.V.,  and  Wasterlain,  C.  (Eds.):  Proc.  of 
International  Symposium  on  Status  Epilepticus.  New  York,  Raven  Press,  1981,  in 
press . 

Paul,  S.,  Rehavi,  M.  ,  Rice,  K.  ,  Ittah,  Y.,  and  Skolnick,  P.:  Does  high  affinity 
[^H] imipramine  binding  label  serotonin  reuptake  sites  in  brain  and  platelet?  Life 
Sci.  28:  2753-2760,  1981. 

Skolnick,  P.,  Mendelson,  W.  ,  and  Paul,  S.:  Benzodiazepine  receptors  in  brain: 
Role  in  the  sedative  properties  of  the  benzodiazepines.  In  Wheatley,  D.  (Ed.): 
Psychopharmacology  of  Sleep.   New  York,  Raven  Press,  1981,  in  press. 

Skolnick,  P.,  Paul,  S.,  Crawley,  J.,  Rice,  K. ,  Barker,  S.,  Weber,  R. ,  Cain,  M. , 
and  Cook,  J.:  3-Hydroxymethyl-p-carboline  antagonizes  some  pharmacologic  effects 
of  diazepam.   Eur.  J.  Pharmacol.  69:  525-527,  1981. 

Rehavi,  M.  ,  Ittah,  Y.,  Rice,  K.  ,  Skolnick,  P.,  Goodwin,  F.  and  Paul,  S.:  2-Nitro- 
imipramine:  A  selective,  irreversible  inhibitor  of  ["^H]  serotonin  uptake  and  [^Hj 
imipramine  binding  in  platelets.   Biochem.  Biophys.  Res.  Commun. ,  1981,  in  press. 

Paul,  S.,  Rehavi,  M.  ,  Skolnick,  P.  and  Goodwin,  F.  :   [-^H]  Imipramine  binding  to 
the  serotonin  "transporter"  in  human  brain  and  platelet:  A  possible  biological 
marker  in  depression.   In  Hanin,  I.,  and  Usdin,  E.   (Eds.):  Biological  Markers 
in  Psychiatry  and  Neurology.   New  York,  Pergamon  Press,  1981,  in  press. 

Skolnick,  P.  and  Paul,  S.M.:  Molecular  pharmacology  of  the  benzodiazepines.  In 
Smythies,  J.R.,  and  Bradley,  R.  (Eds.):  International  Review  of  Neurobiology. 
New  York,  Academic  Press,  1981,  in  press. 


610 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 

HEALTH  AND  HUMAN  SERVICES 

PUBLIC  HEALTH  SERVICE 

NOTICE  OF 

INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl   AM   31104-13   LBC 


PERIOD  COVERED 

October  1,  1980  to  September  30,  1981 


TITLE   OF    PROJECT    (80   characters   or   less) 

Enzymatic   Oxidation   of   Drugs    to   Toxic    and    Carcinogenic   Metabolites 


NAMES,    LABORATORY   AND    INSTITUTE  AFFILIATIONS,    AND   TITLES   OF    PRINCIPAL    INVESTIGATORS   AND   ALL   OTHER 
PROFESSIONAL   PERSONNEL   ENGAGED    ON   THE   PROJECT 


PI:  D.  M.    Jerina  Chief,    Sect,    on   Oxidation  Mech. 

OTHER:  H.  Yagi  Visiting   Scientist 

D.  R.    Thakker  Senior  Staff  Fellow 

R.  A.    Halpin  Staff  Fellow 

D.  P.    Michaud  Staff  Fellow 

S.  El-Naggar  Visiting  Fellow 

K.  P.    Vyas  Visiting  Fellow 

J.  M.    Sayer  Guest  Worker 


LBC 

NIADDK 

LBC 

NIADDK 

LBC 

NIADDK 

LBC 

NIADDK 

LBC 

NIADDK 

LBC 

NIADDK 

LBC 

NIADDK 

LBC 

NIADDK 

COOPERATING  UNITS  (if  any) 

Drs.  A.  Conney,  W.  Levin  and  A.  Wood,  Hoffmann-La  Roche,  NJ;  Dr.  D.  Whalen, 
Univ.  of  Maryland  at  Catonsville,  flD;  Dr.  R.  Lehr,  Univ.  Oklahoma,  OK;  Dr.  D. 
R.  Boyd,  Queen's  Univ.,  Belfast,  N.  Ireland. 


lab/branch 

Laboratory  of  Bioorganic  Chemistry 


SECTION 

Section  on  Oxidation  Mechanisms 


INSTITUTE  AND  LOCATION 

NIADDK,  NIH,  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 

7 


PROFESSIONAL: 

6 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

n  (al)  MINORS   □  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


]C]   (c)    NEITHER 


SUMMARY    OF    WORK    (200    words    or    less   -    underline    keywords)  The      primary      goal      of      this      project 

has  been  the  elucidation  of  the  structure  of  reactive  metabolites  which  are 
responsible  for  the  carcinogenic,  cytotoxic,  and  mutagenic  activity  of  benzo[a]- 
pyrene  and  other  polycyclic  hydrocarbons.  The  approach  taken  consists  of:  i) 
synthesis  of  primary  oxidative  metabolites  as  well  as  selected  secondary  oxida- 
tive metabolites,  ii)  study  of  the  metabolism  of  these  hydrocarbons  with  liver 
microsomes ,  as  well  as  with  purified  and  reconstituted  cytochrome  P-450  systems 


with  and  without  epoxide  hydrolase,  iii)  tests  for  inherent  mutagenicity  of  the 
synthetic  metabolites  toward  bacterial  and  mammalian  cells,  iv)  elucidation  of 
the  roles  of  the  cytochrome  P-450  system  and  epoxide  hydrolase  in  potentiating 
or  obliterating  the  mutagenicity  of  these  metabolites,  v)  determination  of  the 
carcinogenic  activity  in  vivo  of  these  compounds,  vi)  determination  of  the  rate 
and  nature  of  the  products  formed  when  reactive  metabolites  such  as  arene 
oxides  and  diol  epoxides  react  with  biopolymers  and  less  complex  model  com- 
pounds. A  general  theory  of  hydrocarboninduced  carcinogenesis  has  been  formu- 
lated and  its  predictions  are  being  tested  with  synthetic  potential  metabolites 
of  several  hydrocarbons.  Based  on  the  presently  available  data,  the  bay 
[region  theory  has  excellent  predictive  value. 


PHS-6040 
(Rev.  2-81) 


611 


Project  No.  201  AM  31104-13  LBC 

Project  Description: 

Objectives :  The  objectives  of  the  work  this  year  have  been:  i)  to  study  the 
basic  mechanism  of  enzymatic  oxygen  activation  and  incorporation  into  organic 
substrates,  ii)  to  explore  enzymatic  and  nonenzymatic  reactions  of  labile  inter- 
mediates such  as  epoxides  and  peroxides,  iii)  to  devise  methods  for  the  synthesis 
of  arene  oxides  and  epoxides,  and  the  study  of  their  chemical  reactions,  iv)  to 
investigate  the  role  of  labile  oxygenated  intermediates  in  the  mutagenicity, 
cytotoxicity,  and  carcinogenicity  of  xenobiotic  substances,  and  v)  to  investigate 
the  mechanism  of  action  of  oxidative  drug  metabolizing  enzymes  and  subsequent 
conjugating  enzymes. 

Methods  Employed:  Isotopically  labeled  substrates,  water,  and  oxygen  gas 
have  been  used  to  study  the  oxidation  of  organic  compounds  to  labile  metabolites 
by  a  variety  of  enzymes.  Nuclear  magnetic  resonance  spectroscopy,  ultraviolet  and 
fluorescence  spectroscopy,  mass  spectrometry,  x-ray  crystallography  and  other 
physico-chemical  techniques  have  been  employed  frequently  in  these  studies.  In 
addition  to  the  usual  techniques  employed  for  the  separation  of  metabolites,  new 
high  pressure  liquid  chromatographic  techniques  are  being  pioneered  in  this  area. 
Mutagenesis  is  studied  in  bacterial  and  mammalian  cells  and  correlated  with  whole 
animal  carcinogenicity.  Metabolism  studies  are  conducted  in  vivo  ,  with  liver 
microsomal  preparations,  and  with  homogeneous  preparations  of  epoxide  hydrolase 
and  the  cytochromes  P-450. 

Major  Findings:  Previous  annual  reports  from  this  Section  have  described  a 
systematic  approach  to  the  study  of  the  cytotoxicity,  mutagenicity,  and  carcino- 
genicity of  the  ubiquitous  environmental  carcinogen  benzo [ajpyrene  (BP) .  Briefly 
these  studies  have  consisted  of  i)  synthesis  of  as  many  known  and  potential  oxida- 
tive metabolites  as  was  possible,  ii)  study  of  the  metabolism  of  the  hydrocarbon 
with  these  authentic  standards  in  hand,  iii)  testing  of  these  compounds  for  cyto- 
toxic and  mutagenic  activity  with  bacterial  and  mammalian  cells  both  in  the  pre- 
sence and  in  the  absence  of  added  drug  metabolizing  systems  such  as  cytochrome 
P-450  and  epoxide  hydrolase,  and  iv)  evaluation  of  the  carcinogenicity  of  these 
synthetic  standards  in  several  animal  models.  These  studies  provided  evidence 
which  indicated  that  (+)-7P,8a-dihydroxy-9a, lOa-epoxy-7 ,8 ,9 , 10-tetrahydrobenzo[a]- 
pyrene  is  the  most  potent  carcinogenic  metabolite  of  benzo[a ]pyrene.  With  the 
first  identification  of  an  ultimate  carcinogenic  form  for  any  member  of  the  poly- 
cyclic  aromatic  hydrocarbon  class  of  carcinogens,  we  formulated  the  "bay-region" 
theory  which  predicts  that  diol  epoxides  that  have  the  epoxide  group  in  the  bay- 
region  of  the  hydrocarbon  will  be  the  most  chemically  reactive  and  presumably 
biologically  active  for  those  hydrocarbons  which  are  tumorigenic.  To  date  studies 
from  our  laboratory  as  well  as  several  other  laboratories  around  the  world  have 
either  proved  or  implicated  bay-region  diol  epoxides  as  ultimate  carcinogens  for 
benz[a ] anthracene,  7-methylbenz[a]anthracene,  7, 12-dimethylbenz[a ] anthracene, 
3-methylcholanthrene ,  dibenzo [a ,h]anthracene,  chrysene,  5-methylchrysene, 
benzo[c Jphenanthrene,  and  certain  methylated  cyclopentaphenanthrenes .  The  theory 
has  stimulated  considerable  research  in  the  field,  all  of  which  has  been  sup- 
portive of  our  initial  concepts.  Significant  exceptions  to  the  theory  have  yet  to 
emerge. 

One  aspect  of  hydrocarbon  induced  carcinogenesis  which  the  bay-region  theory  ^ 
made  no  attempt  to  take  into  account  is  that  of  relative  and  absolute  stereo- 
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chemistry  of  ultimate  carcinogens.  Much  of  our  current  efforts  have  addressed 
this  question.  Studies  of  the  dihydrodiols  and  resultant  bay-region  diol  epoxides 
formed  by  liver  microsomes  from  phenanthrene  and  chrysene  have  shown  that  these 
molecules  are  all  superimposable  with  the  corresponding  benzo[a]pyrene  metabolites 
when  their  bay-regions  are  aligned.  In  the  benzo[a]pyrene  case,  only  one  of  four 
bay-region  7 ,8-diol-9 ,10-oxides  exhibited  strong  tumorigenic  activity,  the  pre- 
dominant metabolically  formed  isomer.  Experiments  have  been  initiated  to  deter- 
mine if  this  same  isomer  is  also  the  active  form  from  chrysene  and  benz [a] anthra- 
cene. Should  this  prove  to  be  the  case,  the  results  would  be  suggestive  that 
there  is  a  highly  chiral  "receptor"  for  hydrocarbon  carcinogens  within  the  cell. 

Benzo[a]pyrene  (BP) .  For  BP  and  other  hydrocarbons,  the  metabolic  sequence  which 
leads  to  their  ultimate  carcinogens  consists  of  formation  of  a  benzo-ring  arene 
oxide  by  cytochrome  P-450,  hydration  of  this  arene  oxide  to  a  trans  dihydrodiol  by 
epoxide  hydrolase,  and  subsequent  epoxidation  of  its  bay-region  double  bond  by 
cytochrome  P-450  to  form  a  bay-region  diol  epoxide.  Previous  annual  reports  have 
described  the  synthesis  and  testing  of  the  enantiomers  of  the  BP  7 ,8-dihydrodiol 
and  the  four  isomers  of  the  7 ,8-diol-9 , 10-epoxides .  Optically  pure  samples  of 
(+)-  and  (-)-benzo[a]pyrene  7,8-oxide  have  now  been  synthesized  from  the  separated 
d i as tereo isomers  of  trans-8-bromo-7-menthyloxyacetoxy-7 ,8,9, 10-tetrahydrobenzo [a] - 
pyrene.  The  latter  separation  was  effected  by  short-column  chromatography-re- 
crystallization  or  high  pressure  liquid  chromatography.  The  absolute  stereo- 
chemistry of  (  +)-trans-8-bromo-7-menthyloxyacetoxy-7 ,8,9 , 10-tetrahydrobenzo[a] - 
pyrene  has  been  assigned  as  (7S,8S)  by  an  x-ray  crystal  structure  analysis;  this 
structure  has  in  turn  been  unequivocally  correlated  with  the  stereochemistry  of 
(7S ,8R)-(-)-benzo[a]pyrene  7,8-oxide  and  the  7 ,8-dihydrodiol .  Notably,  the  x-ray 
assignment  agrees  with  our  previous  spectroscopic  assignments  in  this  series. 

The  (+)-  and  (-)-enantiomers  of  benzo[a]pyrene  7,8-oxide  are  hydrated  stereo- 
specifically  at  C-8  to  (-)-  and  (+)-trans-7 ,8-dihydroxy-7 ,8-dihydrobenzo[a]pyrene, 
respectively,  by  rat  hepatic  epoxide  hydrolase.  The  (-)-enantiomer  of  benzo[a]- 
pyrene  7,8-oxide  is  metabolized  by  microsomal  epoxide  hydrolase  at  a  rate  3-  to 
4-fold  greater  than  the  (+)-enantiomer .  At  low  conversion  of  racemic  substate, 
however,  benzo[a]pyrene  7,8-oxide  is  metabolized  to  the  dihydrodiol  at  a  rate 
equal  to  that  of  the  (+)-enantiomer.  An  analysis  of  the  enantiomeric  composition 
of  the  dihydrodiol  formed  from  the  racemic  substrate  revealed  preferential  forma- 
tion of  (-)-trans-7 ,8-dihydroxy-7 ,8-dihydrobenzo[a]pyrene.  At  low  substrate 
conversion  (<20%  metabolism),  the  enantiomeric  purity  of  the  dihydrodiol  was  much 
higher  than  at  high  substrate  conversion  (>50%  metabolism).  Similar  results  were 
obtained  with  microsomes  from  hamster,  rabbit,  guinea  pig,  mouse,  and  human  liver. 
These  results  indicate  that  epoxide  hydrolase  has  a  higher  affinity  for  (+)- 
benzo[a]pyrene  7,8-oxide  than  for  the  (-)-enantiomer .  The  kinetics  of  hydration 
of  (+)-  and  (-)-benzo [ajpyrene  7,8-oxide  by  purified  epoxide  hydrolase  in  deter- 
gent solution  showed  the  (+)-  and  (-) -enantiomers  to  have  apparent  K  values  of 
1.7  and  <20  |jM,  respectively.  Tumorigenicity  studies  with  benzo [ajpyrene  7,8- 
oxide  on  mouse  skin  and  in  newborn  mice  revealed  that  (+)-benzo[a]pyrene  7,8- 
oxide,  the  metabolic  precursor  of  the  more  tumorigenic  ( -)-7 ,8-dihydrodiol ,  is 
significantly  more  tumorigenic  than  the  (-)-enantiomer .  However,  racemic 
benzo [a]pyrene  7,8-oxide  was  more  tumorigenic  than  either  enantiomer  alone,  indi- 
cating an  enantiomeric  synergism  in  the  carcinogenicity  of  benzo [ajpyrene  7,8- 
oxide. 
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Such  synergism  for  biological  effects  does  have  precedent.  Previous  studies 
of  the  mutagenic  activity  of  (+)-  and  (-)-BP  4,5-oxide  had  shown  that  racemic 
material  was  more  active  than  either  enantiomer.  Present  studies  have  established 
the  absolute  stereochemistry  of  these  enantiomers.  Racemic  BP  4,5-dihydrodiol  was 
converted  into  its  diastereomeric  bis  esters  with  (-)-menthoxyacetic  acid,  and  the 
bis  esters  were  separated  by  HPLC.  Preliminary  assignment  of  absolute  stereo- 
chemistry was  achieved  by  examination  of  the  NMR  spectra  of  the  diesters  in  ben- 
zene. Further  application  of  the  exciton  chirality  technique  to  partially  reduced 
derivatives  of  the  dihydrodiol  enantiomers  established  that  the  (+)-dihydrodiol 
had  (R,R)-absolute  configuration.  With  knowledge  of  the  fact  that  epoxide  hydro- 
lase selectively  hydrates  (+)-BP  4,5-oxide  to  the  (+)-dihydrodiol  by  selective 
attack  of  water  at  the  4-position,  it  was  possible  to  assign  the  (+)-oxide  as 
having  (4S,5R)  absolute  configuration.  Thus,  metabolism  of  BP  by  the  cytochrome 
P-450  system  at  the  4,5-  and  7 ,8-positions  occurs  by  attack  on  opposite  faces  of 
the  hydrocarbon. 

Benzofelpyrene  (B[e]P).  Although  isomeric  and  closely  related  in  structure  to 
benzo [a Jpyrene ,  B[e]P  is  an  extremely  weak  carcinogen.  In  the  previous  report,  we 
had  speculated  that  the  low  activity  of  B[e]P  was  due  in  part  to  the  very  low 
extent  of  conversion  of  the  hydrocarbon  to  its  bay-region  diol  epoxides  and  in 
part  to  the  unusual  quasi-diaxial  conformation  of  its  bay -region  diol  epoxides 
which  was  thought  to  inhibit  their  mutagenic  activity.  Tumorigenic  activity  of 
the  B[e]P  bay-region  diol  epoxides  have  now  been  evaluated  in  the  newborn  mouse 
tumor  model  with  the  finding  that  both  of  the  diastereomeric  diol  epoxides  have 
only  very  weak  ability  to  induce  pulmonary  and  hepatic  tumors.  Thus,  we  continue 
to  believe  that  the  quasi-diaxial  conformation  of  the  hydroxyl  groups  in  these 
molecules  is  responsible  for  their  low  biological  activity.  The  studies  represent 
the  only  known  example  where  conformation  affects  tumorigenic  response. 

Not  only  do  liver  microsomes  form  but  small  amounts  of  B[e]P  9 ,  10-dihydro- 
diol,  but  also  this  dihydrodiol  is  ineffectively  converted  to  bay-region  diol 
epoxides.  The  quasi-diaxial  nature  of  the  dihydrodiol  may  be  partly  responsible 
for  this  as  it  makes  the  dihydrodiol  unusually  polar  and  bulky.  The  extent  to 
which  the  dihydrodiol  is  converted  to  diol  epoxides  has  now  been  found  to  be 
species  dependent;  >60%  with  hamster  liver  microsomes  and  <5%  with  mouse  or  human 
liver  microsomes.  Furthermore,  the  presence  of  7 ,8-benzof lavone  in  the  incubation 
medium  markedly  enhances  the  extent  to  which  the  diol  epoxides  are  formed.  Such 
alternations  in  metabolism  may  constitute  the  cocarcinogenic  effects  induced  by 
certain  compounds. 

Phenanthrene  and  Chrysene.  Liver  microsomal  metabolism  of  the  weak  carcinogen 
chrysene  and  the  noncarcinogen  phenanthrene  have  been  compared.  In  general, 
chrysene  is  a  rather  poor  substrate  whereas  phenanthrene  is  a  relatively  good 
substrate  for  the  cytochrome  P-450-dependent  monooxygenase  system.  With  micro- 
somes from  3-methylcholanthrene-treated  rats,  phenanthrene  was  metabolized  at  a 
rate  of  7.6  nmoles/min/nmol  of  cytochrome  P-450  as  compared  with  a  rate  of  only 
1.5  with  chrysene  as  substrate.  Dihydrodiols  were  major  metabolites  for  both 
substrates,  accounting  for  92-96%  of  the  metabolism  of  phenanthrene  and  65-76%  of 
the  metabolism  of  chrysene  with  microsomes  from  control  and  treated  rats.  The 
K-region  9 , 10-dihydrodiol  is  the  major  metabolite  of  phenanthrene,  whereas  the 
benzo-ring  1,2-  and  3,4-dihydrodiols  dominate  the  metabolism  of  chrysene  from 
which  very  little  K-region  dihydrodiol  was  formed.   For  both  hydrocarbons,  micro- 
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somes  from  3-methylcholanthrene-treated  rats  produced  the  (-)-(lR,2R)-dihydrodiol, 
which  has  a  bay-region  double  bond,  with  >80%  enantiomeric  purity.  With  micro- 
somes from  phenobarbital- treated  rats,  the  chrysene  1 ,2-dihydrodiol  was  only  10% 
enantiomerically  pure.  The  (-)-(3R,4R)-dihydrodiols  were  the  major  enantiomers  of 
phenanthrene  and  chrysene,  whereas  the  (-)- (9S ,  10S)-dihydrodiol  predominated  at 
the  K-region  of  phenanthrene.  Metabolism  of  the  metabolically  formed  (-)-(lR,2R)- 
dihydrodiols  of  phenanthrene  and  chrysene  by  microsomes  from  3-methylcholanthrene- 
treated  rats  resulted  in  the  predominant  formation  in  each  case  of  a  bay-region 
l,2-diol-3,4-epoxide  in  which  the  benzylic  hydroxyl  group  and  oxirane  oxygen  are 
trans  to  each  other  (diol  epoxide-2) ,  vide  infra.  The  respective  1 ,2-dihydrodiols 
were  metabolized  at  the  same  rate  as  was  chrysene.  Thus,  as  had  previously  been 
observed  for  the  metabolism  of  benzo[a]pyrene  and  benzo [a] anthracene ,  liver  micro- 
somal enzymes  display  high  stereoselectivity  in  their  formation  of  predominantly 
one  of  four  possible  stereoisomers  of  their  respective  bay-region  diol  epoxides. 
These  diol  epoxides  from  the  four  hydrocarbons  are  sumperimposable  when  their 
bay-regions  are  aligned. 

Metabolism  of  biosynthetic  (-) -trans- (3R,4R)-dihydroxy-3,4-dihydrochrysene  by 
liver  microsomes  from  control,  phenobarbital-treated  and  3-methylcholanthrene- 
treated  rats  was  investigated.  Although  previous  studies  of  the  metabolism  of 
related  benzo[a]pyrene  and  benzo[e]pyrene  dihydrodiols  which  also  prefer  the 
diaxial  conformation  had  indicated  that  diol  epoxides  were  minor  metabolites,  the 
diastereomeric  chrysene  3,4-diol-l ,2-epoxides-]^  and  -2  were  major  metabolites 
(66-90%).  All  three  types  of  microsomes  metabolized  the  chrysene  3,4-dihydrodiol 
at  low  but  essentially  similar  rates  (0.5-0.7  nmol  substrate/  nmol  cytochrome 
P-450/min). 

Benzo [cjphenanthrene  (B[c]Ph).  The  mutagenic  activity  of  B[c]Ph  and  some  of  its 
known  and  potential  metabolites  was  evaluated  in  bacterial  and  mammalian  cells 
either  in  the  presence  or  absence  of  a  metabolic  activation  system.  The  3,4-di- 
hydrodiol was  metabolized  by  a  cytochrome  P-450-dependent  monooxygenase  system  to 
products  which  were  severalfold  more  mutagenic  to  strains  TA98  and  TAIOO  of 
Salmonella  typhimurium  than  were  the  metabolic  products  formed  from  B[c]Ph  or  its 
1,2-  or  5 ,6-dihydrodiols .  When  the  double  bond  in.  the  1,2-position  of  the  3,4- 
dihydrodiol  was  replaced  by  a  single  bond,  the  resulting  tetrahydrodiol  could  not 
be  metabolically  activated,  suggesting  that  one  or  both  diastereomeric  bay-region 
diol  epoxides  was  the  bioactivated  metabolite  of  the  3,4-dihydrodiol.  Both  of 
these  bay-region  diol  epoxide  diastereomers  were  highly  mutagenic  in  bacterial  and 
mammalian  cells  and  were  very  poor  substrates  for  epoxide  hydrolase.  (+)-3a,4p- 
Dihydroxy-ip,2p-epoxy-l,2,3,4-tetrahydrobenzo[c]phenanthrene  (diol  epoxide-1),  in 
which  the  epoxide  oxygen  and  the  benzylic  hydroxyl  group  are  cis ,  induced  histi- 
dine  prototrophy  in  strains  TA98  and  TAIOO  of  S_^  typhimurium  at  a  mutation  rate  of 
100  and  2700  revertants/nmol,  respectively.  A  1  |JM  concentration  of  this  diol 
epoxide  killed  one-half  of  the  treated  Chinese  hamster  V79  cells  and  induced 
mutations  in  the  surviving  cells  at  a  rate  of  100  8-azaguanine-resistant  cells/10 
surviving  cells.  (  +)-3a,4p-Dihydroxy-la,2a-epoxy-l ,2,3,4, -tetrahydrobenzo[c] - 
phenanthrene  (diol  epoxide-2),  in  which  the  epoxide  oxygen  and  the  benzylic  hy- 
droxyl group  are  trans ,  had  from  80  to  250%  of  the  mutagenic  and  cytotoxic  acti- 
vity of  its  diastereomer.  These  data  strongly  suggest  that  in  species  capable  of 
the  appropriate  metabolic  transformations,  the  3,4-dihydrodiol  and  one  or  both  of 
its  diastereomeric  bay-region  diol  epoxides  are  proximate  and  ultimate  carcino- 
gens, respectively.   Notably,  the  B[c]Ph  bay-region  diol  epoxides  have  mutagenic 
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activity  which  is  similar  to  that  of  the  BP  isomers  despite  large  predicted  dif- 
ferences in  chemical  reactivity. 

BfclPh,  its  three  metabolically  possible  trans-dihydrodiols ,  and  the  dia- 
stereomeric  bay-region  diol  epoxides  derived  from  trans-3,4-dihydroxy-3, A-di- 
hydrobenzo(c]phenanthrene  were  tested  for  tumor-initiating  activity  on  mouse  skin. 
A  single  topical  application  of  0.4  or  2.0  |Jmol  of  compound  was  followed  seven 
days  later  by  twice-weekly  applications  of  the  tumor  promotor  12-0-tetradecanoyl- 
phorbol-13-acetate  for  20  weeks.  B[c]Ph  was  found  to  be  a  weak  tumor  initiator  on 
mouse  skin,  producing  a  17-38%  tumor  incidence  and  0.17  to  0.59  papilloma/mouse  at 
the  0.4-  and  2.0-|Jmol  doses,  respectively.  Of  the  three  metabolically  possible 
trans-dihydrodiols  of  B[c]Ph,  only  the  3,4-dihydrodiol  had  significant  tujnor-ini- 
tiating  activity  at  the  doses  tested.  This  compound  produced  a  29-47%  tumor 
incidence  and  0.41  to  1.07  tumors/mouse  at  the  0.4-  and  2.0-|Jmol  doses,  re- 
spectively. Comparisons  of  the  number  of  papillomas  observed  per  mouse  indicated 
that  both  diastereomeric  3 ,4-dihydroxy-l ,2-epoxy-l ,2 ,3 ,4-tetrahydrobenzo [c Jphen- 
anthrenes  in  which  the  epoxide  oxygen  is  either  cis  (diol  epoxide-1)  or  trans 
(diol  epoxide-2)  to  the  benzylic  4-hydroxyl  group  were  at  least  40-fold  more 
tumorigenic  than  was  the  parent  hydrocarbon.  The  bay-region  diol  epoxides  of 
B[c]Ph  produced  6.5  to  7.0  papillomas/mouse  at  the  0.4-|Jmol  dose,  and  the  first 
appearance  of  tumors  was  observed  as  early  as  six  weeks  after  the  beginning  of 
promotion.  This  is  the  first  example  of  high  tumorigenic  activity  for  a  bay- 
region  diol  epoxide-!  diastereomer  of  a  polycyclic  aromatic  hydrocarbon,  and  both 
diastereomeric  bay-region  diol  epoxides  of  B[c]Ph  are  more  potent  tumor  initiators 
than  are  the  bay-region  diol  epoxides  derived  from  BP  and  benzo [a Janthracene .  Two 
model  compounds,  1 ,2-dihydrobenzo [ cjphenanthrene  and  trans -3 ,4-dihydroxy-l ,2,3,4- 
tetrahydrobenzo[c]phenanthrene ,  which  cannot  be  metabolized  to  bay-region  diol 
epoxides  of  B[c]Ph,  were  found  to  be  inactive  as  tumor  initiators  on  mouse  skin. 
These  results  support  the  concept  that  a  bay-region  diol  epoxide  is  a  prime  can- 
didate for  an  ultimate  carcinogenic  metabolite  of  B[c]Ph. 

Epoxide  Hydrolase.  The  kinetic  properties  of  microsomal  and  purified  epoxide 
hydrolase  toward  K-region  arene  oxide  substrates  have  been  investigated  by  a 
direct  spectrophotometric  technique.  The  kinetic  mechanism  of  the  membrane-bound 
and  purified  enzymes  was  studied  with  phenanthrene  9,10-oxide  as  the  substrate. 
The  catalytic  rate  constant  (k  )  and  Michaelis  constant  (K  )  for  the  hydration  of 
the  substrate  were  0.55  s  and  1.1  |jM  for  the  microsomal  enzyme  and  0.61  s  and 
1.8  pM  for  the  purified  enzyme.  The  temperature  dependence  of  k  for  both  pre- 
parations was  similar,  suggesting  that  the  active  sites  of  the  two  enzymes  are 
indistinguishable  with  respect  to  the  kinetic  and  thermodynamics  of  hydration  of 
phenanthrene  9,10-oxide.  The  pH  dependence  of  k  indicated  that  the  decomposition 
of  the  enzyme  substrate  complex  to  products  is  dependent  on  an  ionization  with  an 
apparent  pK  of  6.7  Furthermore,  a  kinetic  solvent  isotope  effect  of  k  (H„0)/ 
k  (DO)  =  1.52  and  a  negative  entropy  of  activation  of  k  were  found.  These  data 
are  consistent  with  a  mechanism  involving  general  base  catalysis  of  the  nucleo- 
philic  addition  of  water  to  epoxides  by  a  histidine  residue  at  the  active  site. 

Nonionic  detergents,  which  were  necessary  to  solubilize  highly  lipophilic 
substrates,  inhibit  the  action  of  epoxide  hydrolase.  The  relatively  water-solu- 
able  substrate,  phenanthrene  9,10-oxide,  was  used  to  probe  the  mechanism  of  the 
inhibition.  Both  detailed  kinetic  studies  and  direct  binding  experiments  indi- 
cated that  a  simple  mechanism  involving  substrate  sequestration  by  detergent 
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micelles  was  sufficient  to  explain  the  inhibition.  Epoxide  hydrolase  was  found  to 
exhibit  a  marked  enantiomeric  selectivity  toward  the  chiral  K-region  arene  oxides, 
benzo[a]pyrene  4,5-oxide,  benzo [a] anthracene  5,6-oxide,  and  3-bromophenanthrene 
9,10-oxide,  in  detergent  solution.  The  40-fold  difference  in  the  rate  of  hydra- 
tion of  (+)-  and  (-)-benzo [ajpyrene  4,5-oxide  may  be  of  particular  importance  in 
the  biological  activity  of  this  highly  mutagenic  K-region  arene  oxide. 

The  enantioselectivity  of  native  and  purified  hepatic  microsomal  epoxide 
hydrolase  toward  one  symmetrical  arene  oxide,  phenanthrene  9,10-oxide,  and  the 
resolved  enantiomers  of  the  three  chiral  arene  oxide  substrates,  benzo[a]pyrene 
4,5-  and  7,8-oxide  and  benzo[a]anthracene  5,6-oxide  was  examined.  A  model  lipid 
system  of  nonionic  detergent  micelles  was  used  to  solubilize  both  substrates  and 
products.  The  enantioselectivity  of  purified  epoxide  hydrolase  in  micellar  solu- 
tion was  essentially  the  same  as  the  microsomal  enzyme  in  the  absence  of  deter- 
gent. Regioselectivity  of  the  enzyme  was  determined  by  a  gas  chromatographic-mass 
spectrometric  procedure  in  which  bis-trif luoroacetates  of  the  dihydrodiols  were 
pyrolyzed  to  trif luoroacetylphenols  to  locate  the  position  of  the  enzyme-catalyzed 
incorporation  of  0  from  H„  0  into  the  dihydrodiol.  Correlation  of  the  enantio- 
and  regioselectivity  data  with  the  known  absolute  configuration  of  the  dihydro- 
diols permitted  the  assignment  of  (4S,5R)  and  (5S,6R)  absolute  configurations  to 
(+)-benzo[a]pyrene  4,5-  and  (+)-benzo[a]anthracene  5,6-oxide,  respectively.  A 
kinetic  analysis  of  the  hydration  of  arene  oxide  substrates  in  micellar  solution 
demonstrated  kinetic  discrimination  of  the  enzyme  toward  substrate  enantiomers. 

Synthetic  Studies.  To  date,  five  arene  oxides  have  been  prepared  in  optically 
active  form  and  have  been  found  to  be  optically  stable.  Recent  molecular  orbital 
calculations  by  Boyd  and  Stubbs  have,  however,  indicated  that  certain  arene  oxides 
may  not  be  optically  stable  but  might  undergo  racemization  via  their  oxepin  forms. 
To  this  end,  we  have  prepared  an  optically  pure  precursor  to  phenanthrene  3,4- 
oxide.  When  the  precursor  was  converted  to  the  desired  arene  oxide,  the  product 
was  found  to  have  very  low  optical  activity  which  decreased  to  zero  in  a  short 
period  of  time.  In  addition  to  the  theoretical  significance  of  this  observation, 
there  is  considerable  practical  importance  to  the  study  of  the  enantiospecif icity 
of  the  cytochromes  P-450  since  initially  optically  active  arene  oxides  could 
racemize  prior  to  hydration  with  water  or  capture  by  glutathione. 

Substitution  of  fluorine  on  a  polycyclic  aromatic  hydrocarbon  has  the  effect 
of  either  blocking  or  greatly  retarding  the  rate  at  which  cytochrome  P-450  forms 
an  arene  oxide  at  the  substituted  formal  double  bond.  Thus,  fluorine  substitution 
provides  a  useful  probe  to  determine  the  sites  at  which  a  polycyclic  hydrocarbon 
is  metabolically  activated;  i.e.,  a  simple  means  by  which  the  bay-region  theory 
can  be  tested.  We  have  now  completed  the  synthesis  of  7-,  12-,  and  7,12-fluori- 
nated  benzo[a]anthracenes  by  a  novel  anodic  fluorination  procedure.  In  addition, 
1-,  2-,  3-,  4-,  and  6-f luorobenzo[c]phenanthrenes  have  been  prepared  by  photo- 
cyclization  of  appropriately  fluorinated  p-naphth-1-yl  styrenes. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Although  enzymatic  oxidation  and  drug  metabolism  have  long  been  held  to  constitute 
a  means  of  detoxication,  results  of  the  type  described  here  make  it  quite  clear 
that  certain  of  these  pathways  for  drugs  and  environmental  chemicals  result  in 
toxic  and  carcinogenic  metabolites.  Once  the  nature  of  these  active  metabolites 
has  been  identified,  it  may  be  possible  to  predict  which  industrial  and  agricul- 
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tural  chemicals  are  unsafe  for  use.  The  potential  impact  on  the  design  of  safe 
drugs  is  clear.  A  workable  theory  of  hydrocarbon-induced  carcinogenicity  with 
predictive  properties  is  of  immense  practical  value. 

Proposed  Course  of  Project:  A  continued  area  of  interest  in  the  coming  year 
will  be  the  detailed  exploration  of  the  role  of  absolute  stereochemistry  in  the 
metabolism  and  carcinogenicity  of  the  polycyclic  aromatic  hydrocarbons.  Synthesis 
of  the  enantioraerically  pure  and  stereocheinically  assigned  isomers  of  the  bay- 
region  diol  epoxides  of  benz [ajanthracene  and  chrysene  will  be  completed,  and 
their  respective  mutagenicity  and  tumorigenicity  will  be  evaluated.  Mutagenicity 
and  tumorigenicity  studies  of  the  dihydrodiols  and  bay-region  diol  epoxides  of 
B[c]Ph  will  be  undertaken  in  an  attempt  to  identify  the  factors  responsible  for 
their  remarkable  tumorigenic  activity.  Complete  studies  of  the  metabolic  activa- 
tion of  dibenzo [a , j Janthracene  will  be  undertaken,  and  studies  of  action  of  the 
benzacridines  will  be  initiated. 
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Annual  Report  of  the  Laboratory  of  Molecular  Biology 
National  Institute  of  Arthritis,  Diabetes,  and  Digestive  and  Kidney  Diseases 

The  Laboratory  of  Molecular  Biology  has  as  its  principal  goal  the  understand- 
ing of  biological  processes  at  the  molecular  level.  The  research  areas  under 
investigation  include  the  structures  and  chemical  properties  of  biologically 
important  materials.  These  involve  studies  of  the  organization  of  DNA  and 
proteins  in  chromatin,  investigations  of  enzyme  and  immunoglobulin  ctructures  by 
x-ray  diffraction,  investigation  of  polynucleotide  chemistry  and  structure  by 
synthetic  and  spectroscopic  methods,  studies  of  polynucleotide  structure  by  fiber 
diffraction  methods,  and  theoretical  studies  on  the  mechanism  of  energy  conversion 
in  biology,  muscle  contraction,  the  statistical  thermodynamics  of  polynucleotide  - 
complementary  monomer  interactions,  ion  transport  and  biochemical  kinetics.   In 
addition,  other  investigations  are  concerned  directly  with  biological  processes. 
These  include  the  mechanism  of  transformation  by  SV40,  the  calorimetric  detection 
of  viral  infections,  genetic  recombination,  and  DNA  synthesis.   Important  advances 
have  been  made  in  these  areas  during  this  year. 

Chromatin  Structure  and  Function 

We  have  continued  studies  of  chromatin  structure,  and  of  the  structural 
differences  between  transcriptionally  active  and  inactive  chromatin.  We  have 
probed  in  detail  the  sensitivity  of  the  adult  3  globin  gene  of  chicken  to  a 
variety  of  nucleases.  We  find  that  in  erythrocytes  the  entire  6  kilobase  region 
containing  this  gene  is  uniformly  about  10  fold  more  sensitive  to  digestion  with 
pancreatic  DNase  than  is  bulk  DNA  or  other  specific  gene  sequences.  We  have  also 
found  and  mapped  in  great  detail  a  hypersensitive  site  in  erythrocyte  chromatin 
near  the  5'  end  of  this  gene.  This  is  the  first  detailed  analysis  of  such  a  site. 
Since  transcriptionally  active  chromatin  undergoes  changes  in  methyl ati on  of 
cytosine,  principally  at  the  sequence  CpG,  we  have  synthesized  the  polymer  poly- 
(m5dC-dG) -polyCmSdC-dG)  in  order  to  study  the  effects  of  methylation  on  DNA 
structure.  We  find  that  the  methylated  polynucleotide  can  undergo  transitions  to 
a  left-handed  Z-like  conformation  under  physiological  salt  conditions  (unlike  the 
unmethylated  polymer,  which  requires  very  high  salt  concentration).  We  have 
measured  the  helical  repeat  and  other  physical  properties  of  this  polymer. 

Three-Dimensional  Structure  of  Proteins  of  the  Immune  System 

o 

The  refinement  of  the  2.7  A  X-ray  structure  of  the  phosphochol ine-binding 
mouse  IgAK  immunoglobulin  Fab  has  been  continued.  The  refinement  is  now  closeo 
to  final  and  has  resulted  in  a  number  of  significant  changes  from  the  old  3.1  A 
refined  coordinates.  The  most  important  improvements  are  in  the  vicinity  of  the 
phosphocholine  combining  site  where  two  hypervariable  loops,  the  first  of  the 
light  chain  and  the  third  of  the  heavy  chain,  have  been  more  precisely  determined. 
The  resulting  combining  site  correlates  extremely  well  with  the  difference 
electron  density  map  for  phosphocholine  binding. 

The  crystal  structure  of  the  galactan  binding  mouse  Fab,  J539,  has  been 
analyzed  by  gn  application  of  the  refinement  program  CORELS  to  the  diffraction 
data  at  4.5  A  resolution  using  the  coordinates  from  the  refined  M603  structure. 
A  tentative  model  has  been  produced  that  provides  satisfactory  agreement  with  the 
'observed  data.  This  model  is  currently  being  modified  and  extended  to  higher 
resolution. 
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A  model  building  study  of  the  hinge  region  of  immunoglobulins  led  to  the 
conclusion  that  the  sequence  CysProProCysPro  would  form  a  double  stranded, 
disulfide  linked,  polyprol ine-1 ike  structure  that  would  be  quite  rigid.  This 
would  act  as  a  spacer  between  the  Fab  and  ¥q   portions  of  IgG  and  its  removal 
would  reduce  or  prevent  access  to  the  F^  by  effector  molecules. 

Three-Dimensional  Structures  of  Enzymes 

The  aspartic  protease  from  Rhizopus  chinensis  has  been  analyzed  both  in  the 

native  form  and  complexed  with  the  peptide  inhibitor  pepstatin.  Analysis  of 

pepstatin  binding  has  led  to  a  model  of  enzyme  substrate  interaction  that  in  turn 
has  led  to  a  proposed  mechanism  of  action  of  the  enzyme. 

Attempts  to  grow  crystals  of  the  hypertensive  enzyme  renin  have  been  success- 
ful. Small  crystals  have  been  obtained  that  show  promise  of  being  suitable  for  a 
more  detailed  X-ray  investigation. 

Collaborative  research  with  A.  Wlodawer  of  the  National  Bureau  of  Standards, 
Gai  thersburg,  has  resulted  in  a  detailed  ref  inement.,of  the  X-ray  structure  of  the 
digestive  enzyme  ribonuclease,  together  with  a  2.0  A  resolution  analysis  of  the 
structure  by  neutron  diffraction. 

Statistical  Thermodynamics  of  Protein  and  Polynucleotide  Systems 

Four  separate  topics  have  been  studied  under  this  project:  (a)  the  head-to- 
tail  treadmilling  of  subunits  in  actin  filaments  and  in  microtubules  has  been 
studied  further.  Our  earlier  bioenergetic  analysis  has  been  extended  to  take  care 
of  a  three-state  NTPase  cycle,  which  is  important  under  some  experimental  condi- 
tions; (b)  further  work  has  been  done  on  the  theory  of  binding  of  myosin  to 
regulated  actin;  (c)  as  a  first  step  in  studying  the  structure  of  covalently- 
closed  circular  DNA  molecules  in  solution,  we  have  devised  an  efficient  method 
of  generating  ring  polymers  of  the  freely  jointed  model;  and  (d)  the  structure  of 
circular  DNA  molecules  is  being  investigated  using  ring  polymers  of  the  freely 
jointed  model  by  adding  bending  and  twisting  energies  to  the  ring. 

Energy  Conversion  in  Biology,  Especially  Muscle  Contraction 

Three  different  topics  have  been  studied  under  this  project:  (a)  we  have 
completed  an  extensive  four-year  study  of  the  general  properties  of  cooperative 
steady-state  enzymatic  systems.  Three-state  Ising  systems  were  studied  further, 
as  well  as  half-of-the-sites  reactivity  in  a  dimer;  (b)  double-stranded  DNA  can 
be  unwound  by  ATP-dependent  helicases  and  by  treadmilling  binding  proteins,  using 
the  net  free  energy  of  DNA  synthesis  on  the  leading  strand.  These  processes  have 
been  analyzed  from  a  bioenergetic  point  of  view,  and  a  possible  helicase  model 
has  been  proposed;  (c)  we  are  continuing  our  work  on  explicit  kinetic  models  of 
muscle  contraction. 

Calorimetric  Detection  of  Virus  Infection  of  Cells  Grown  in  Tissue  Culture 

Monkey  kidney  cells  (Vero)  grown  in  tissue  culture  in  35  mm  Petri  dishes 
have  been  observed  in  a  calorimeter  possessing  long  term  stability  of  0.5  micro- 
watts. Cells  in  monolayer  culture  in  maintainance  medium  were  found  to  give  a 
constant  level  of  heat  production  that  was  stable  for  over  five  days.  This  base 
line  characteristic  of  living  cells  was  established  to  be  exothermic  relative  to 
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the  identical  instrumental  base  line  exhibited  by  medium  alone  and  cells  killed 
by  exposure  to  either  methanol,  formaldehyde  or  y-i^adiation.  Infection  of  living 
Vero  cells  by  an  attenuated  strain  of  poliovirus  exhibited  a  broad  inverse 
sigmoidal  transition  between  these  two  regimes.  This  thermokinetic  behavior 
following  virus  infection  was  found  both  for  cell  monolayers  in  minimal  maintenance 
medium  and  for  suspensions  of  cells  in  growth  medium.  Detachment  of  the  cell  sheet 
and  rounding  up  of  cells,  characteristic  of  viral  infection  was  observed  con- 
currently by  microscopic  examination.  The  characteristic  time  course  of  the 
decay  in  heat  production  was  related  to  the  amount  of  infecting  virus  suggesting 
that  calorimetry  might  be  utilized  as  an  objective  method  for  the  assay  of  viral 
titre. 

Mammalian  Enzyme  Involved  in  Repair  or  Replication  of  DNA 

Currently  we  are  continuing  to  examine  1)  the  tendency  for  single-strand 
breaks  in  DNA  to  assume  specific  localizations  within  nucleosomes  in  chromatin 
and  2)  the  ability  of  a  eukaryotic  DNA  ligase  to  seal  such  single-strand  breaks 
while  in  chromatin. 

Structural  Studies  on  Polynucleotides 

The  aim  of  this  project  is  to  obtain  structural  information  on  polynucleo- 
tides and  other  polymers  and  to  provide  insights  into  the  factors  which  control 
structure,  principally  through  X-ray  fiber  diffraction  and  model  building  studies. 
Current  areas  include  1)  analysis  of  the  unique  structure  adopted  by  the  RNA-DNA 
hybrid,  poly(rA) •poly(dT)  in  highly  hydrated  samples  using  X-ray  fiber  diffraction 
techniques;  2)  X-ray  survey  of  other  RNA-DNA  hybrids  in  highly  hydrated  circum- 
stances; 3)  determination  of  the  helical  parameters  by  X-ray  methods  for  a  polymer, 
poly  d(G-5  methyl  C),  which  adopts  the  Z  form;  4)  an  X-ray  examination  of  the 
intermediate  filaments  from  Chinese  hamster  ovary  cells;  5)  collaboration  in  a 
joint  NMR  and  X-ray  diffraction  study  of  natural  and  synthetic  polynucleotides. 

A  Stereospecific  Complex  of  Poly(I)  with  Ammonium  Ion 

Poly(I)  has  been  found  to  form  a  yery   stable  helical  complex  with  NH4  if 
the  solution  is  frozen  and  thawed.  Binding  of  NH4'''  is  shown  to  be  specific.  The 
following  model  fully  satisfied  the  stereochemistry  of  both  NH4"^  (tetrahedral 
symmetry,  need  to  form  acceptablg  4  H-bonds)  and  helical  poly(I)  (4-fold  helical 
symmetry,  31°  twist  angle,  ^^^3.4  A  rise  per  residue).  NH4''"  occupies  binding  site 
on  helix  axis  midway  between  base  planes  and  forms  two  H  bonds  to  carbonyl 
oxygens  (diagonally  opposite  in  square  array)  in  the  layer  above  and  two^H  bonds 
to  oxygens  in  the  layer  below.   In  this  way  NH---0  bond  lengths  are  2.8  A,  4  H 
bonds  are  formed  and  are  nearly  linear,  and  HNH  angles  are  tetrahedral.  This 
result  with  an  ion  having  major  stereochemical  constraints  strongly  supports  our 
previous  conclusion  of  size-specific  axial  binding  of  the  spherically  symmetrical 
alkali  metal  ions. 

Binding  Isotherms  of  Nucleosides  and  Polynucleotides  by  Continuous  Ultra- 
filtration at  Constant  Volume 

We  have  developed  a  method  for  determining  precise  binding  isotherms  in  a 
single  experiment  by  equilibrium  desorption  of  pre-equil ibrated  monomer-polymer 
complexes.  The  method  has  been  applied  to  helices  formed  by  poly(U)  with  2- 
aminoadenosine  and  8-aminoadenosine.  By  measuring  binding  isotherms  as  a  function 
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of  temperature  we  have  determined  for  both  complexes  the  association  constants, 
enthalpy,  free  energy  of  stacking  and  stoichiometry  of  interaction. 

Spectroscopic  Detection  of  Premelting  Open  States  in  Polynucleotide  Helices 

Using  computerized  infrared  difference  spectroscopy  and  circular  dichroism 
difference  spectroscopy  we  have  shown  that  polynucleotide  helices  (A-U  and  I-C) 
have  a  substantial  population  of  unpaired  open  states  at  and  below  ambient 
temperature.  These  results,  carried  out  in  collaboration  with  Neville  Kallenbach 
and  Walter  Englander  (U.  of  Pa.),  qualitatively  support  the  conclusions  reached 
by  these  investigators  on  the  basis  of  isotope  exchange  studies  and  are  in  approxi- 
mate agreement  on  magnitudes  of  unpaired  regions. 

Ordered  Structures  of  Polyxanthylic  Acid 

We  have  previously  shown  that  poly(X)  in  neutral  solution  forms  a  4-stranded 
helix  with  size-specific  complexing  of  alkali  metal  ions  in  the  axial  channel  and 
concluded  that  this  complexing  is  essential  for  helix  formation.  Using  a  cation 
too  large  for  the  central  channel,  "'"NEt4,  we  find  that  no  helix  is  formed  at  any 
temperature,  supporting  our  conclusion.  We  had  suggested  (with  less  evidence) 
that  the  highly  stable  acid  structure  is  5-stranded,  with  a  hole  too  large  for 
a  precise  fit  of  the  alkali  metal  ions.   In  the  presence  of  "*"NEt4  as  counterion  the 
acid  helix  remains  highly  stable,  as  the  model  would  predict.  Guanidinium  ion, 
which  has  6  protons  with  correct  geometry  for  H-bonding  to  6  carbonyl  oxygens  was 
shown  to  bind  specifically  to  the  acid  helix.  The  same  cation  does  not  bind 
specifically  to  the  4-stranded  neutral  helix. 

Genetics  and  Structure  of  the  Oncogenic  Virus,  SV40 

Analysis  of  the  physical  chemistry  of  linear  DNA  containing  replication  loops 
has  demonstrated  that  the  loops  are  remarkably  unstable  and  are  extruded  as  double 
stranded  DNA  at  a  significant  rate  even  at  temperatures  50°  and  more  below  the  T^^. 
The  rate  limiting  step  in  this  extrusion  is  the  rate  of  end  melt  and/or  nucleation 
of  the  nascent  strands,  not  the  rate  of  branch  migration.  This  unusual  feature 
provides  a  general  method  for  the  isolation  of  origins  of  DNA  replication. 

In  other  experiments  we  have  demonstrated  that  SV40  is  not  a  potent  mutagen 
and  that  its  weak  mutagenic  activity  is  probably  unrelated  to  its  ability  to 
transform. 

Replication  of  Colicin  E1  Plasmid  DNA 

Closed  circular  DNA  of  the  plasmid  ColEl  of  Escherichia  coli  can  be  replaced 
in  vitro  by  a  soluble  enzyme  system.  No  plasmid  encoded  protein  is  required  for 
this  replication.   Initiation  of  replication  can  be  demonstrated  with  a  mixture 
of  three  highly  purified  £.    coli  enzymes:  RNA  polymerase,  DNA  polymerase  I  and 
ribonuclease  H  (RNase  H).  Transcription  of  ColEl  DNA  by  RNA  polymerase  in  vitro 
starts  at  two  sites  in  a  region  required  for  maintenance  of  the  plasmid.  Certain 
transcripts  that  start  at  one  of  the  sites  can  be  cleaved  by  RNase  H  and  then  act 
as  primers  for  DNA  replication.  Transcription  from  the  other  site  produces  a  RNA 
%  108  nucleotides  long  (species  I  or  RNA  I).  Transcripts  analogous  to  the  primer 
and  RNA  I  of  ColEl  are  produced  when  pl5A  or  small  derivatives  of  two  other  ColEl- 
compatible  plasmids,  CloDF13  and  RSF1030,  are  used  as  template.   If  purified  RNA  I 
is  added  to  the  transcription  reaction  containing  RNase  H,  formation  of  primer  is 
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inhibited.  Each  RNA  I  can  inhibit  primer  formation  by  the  plasmid  that  specifies 
it  but  has  no  affect  on  primer  formation  by  heterologous  templates.  Thus,  the 
inhibition  of  primer  formation  by  RNA  I  is  incompatibility  specific.  Because 
RNA  I  does  not  inhibit  initiation  or  propagation  of  transcription  or  the 
processing  of  performed  precursors,  the  step  that  is  sensitive  to  inhibition  is 
probably  formation  of  the  hybrid  between  the  primer  precursor  and  the  template. 
This  hybrid  is  the  required  substrate  for  RNase  H.  To  study  the  mechanism  of 
inhibition  of  primer  formation  by  RNA  I,  mutants  of  Col  El  that  have  altered 
incompatibility  properties  have  been  isolated.  Each  mutant  has  a  single  base 
change  at  or  near  the  center  of  at  least  one  of  the  three  palindromes  in  the 
region  that  specifies  both  the  primer  RNA  and  RNA  I.  Data  from  in  vitro  trans  - 
cription  studies  show  that  the  single  base  changes  affect  both  the  ability  of 
RNA  I  to  inhibit  primer  formation  and,  as  well,  the  sensitivity  of  primer  formation 
to  inhibition  by  RNA  I.  RNA  I  hybridizes  to  transcripts  originating  at  the  primer 
promoter  and  the  rate  of  hybridization  is  reduced  by  the  single  base  changes. 
The  in  vivo  properties  of  the  mutant  plasmids  indicate  that  incompatibility  between 
two  plasmids  can  be  attributed  to  inhibition  of  primer  formation  of  at  least  one 
of  the  plasmids  by  the  RNA  I  of  the  other. 

Study  of  Functions  Involved  in  Genetic  Recombination 

DNA  gyrase.  We  have  investigated  the  binding  of  DNA  gyrase  to  specific  sites 
on  DNA.  DNA  gyrase  protects  a  region  of  120-140  base  pairs  roughly  centered  on  a 
site  where  the  enzyme  makes  a  double-strand  break  in  the  presence  of  the  inhibitor 
oxolinic  acid.  The  DNA  appears  to  be  wrapped  around  the  enzyme,  as  indicated  by 
the  nuclease  digestion  pattern  of  DNA  in  the  complex. 

In  Vitro  Study  of  the  Site  Specific  Recombination  of  Phage  Lambda 

We  have  previously  shown  that  a  sequence  more  than  200  base  pairs  long  is 
involved  in  the  specific  recognition  of  the  phage  attachment  site  of  bacterio- 
phage X.     We  have  also  shown  that  a  DNA  molecule  carrying  the  15  base  pair  long 
common  core  sequence  retained  the  capacity  to  act  as  the  bacterial  attachment  site 
(att  B),  but  poorly.  Those  molecules  that  carried  two  additional  four  base  pair 
sequences  of  the  original  DNA  on  both  sides  of  the  common  core  were  as  active  as 
the  authentic  att  B. 

The  nature  of  the  cross-over  point  within  the  common  core  sequence  during  the 
integrative  recombination  reaction  has  been  investigated.  The  disintegration  of 
■^^P  atoms  incorporated  in  a  DNA  molecule  was  used  to  generate  base  specific 
cleavage  within  a  segment  of  DNA  that  derived  from  one  of  the  parents  of  the 
reaction.   Integrative  recombination  was  shown  to  involve  staggered  cuts  at  unique 
sites  within  the  common  core  sequence.  Under  collaboration  with  Howard  Nash,  we 
found  that  the  integrase,  that  was  shown  to  have  DNA  topoisomerase  activity,  is 
a  type  I  DNA  topoisomerase. 

Novel  Recombination  System 

Environmental  and  genetic  factors  which  influence  transposition  of  Tn9_  in 
E_.  coli  have  been  studied.  Acetate  ion  and  several  lipid  solvents  (Brij  58, 
NP40  and  dimethyl  sulfoxide)  increase  the  frequencies  of  Tn9,  Tn5_.  and  TnlO 
transposition.  The  C16  fatty  acid,  palmitic  acid,  reverses  the  effect  of  Brij  58. 

I  Compared  to  wild-type,  a  rho.  "lutant  (defective  in  transcription  termination)  shows 
a  20  fold  lower  frequency  of  transposition  for  Tn9^  but  is  normal  for  Tn5_  and  TnlO_. 
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strains  deleted  for  the  gal-attX  region  of  the  chromosome  are  defective  in  a 
special  transposition  event  wherein  an  ISl  or  IS5_  transpose  to  a  distant  chromsomal 
site  (bgl). 
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Project  Description: 

DNA  Gyrase.  Our  studies  in  the  past  year  have  concentrated  on  the  binding 
of  DNA  gyrase  to  specific  sites  on  DNA.  It  has  been  known  for  some  time  that, 
in  the  presence  of  the  inhibitor  oxolinic  acid,  the  enzyme  can  make  double- 
strand  breaks  at  defined  locations  in  DNA.  We  have  determined  the  sequences  at 
several  of  these  sites  in  the  plasmids  pBR322  and  pVH51 .  DNA  fragments  contain- 
ing such  sites  were  then  isolated  and  used  for  binding  studies.  The  "footprinting' 
method,  which  tests  for  protection  of  specific  DNA  regions  by  protein  against 
digestion  by  a  nuclease  (in  our  case  DNase  I  or  exonuclease  III),  has  been  used  in 
this  work.  Binding  of  DNA  gyrase  is  found  to  be  roughly  centered  on  the  sites  of 
oxolinic  acid  cleavage;  this  is  true  both  in  the  presence  and  absence  of  oxolinic 
acid,  thus  identifying  these  sites  as  places  where  DNA  gyrase  prefers  to  bind 
even  under  normal  reaction  conditions. 

The  DNase  I  digestion  pattern  of  the  complex  contains  much  detailed  infor- 
mation. A  region  extending  over  120-140  base  pairs  is  protected  by  DNA  gyrase, 
as  already  indicated  by  earlier  studies.  Within  this  region,  protection  is 
strongest  in  the  40  base  pairs  spanning  the  cleavage  site;  outside  this  core, 
there  are  sites  spaced  10-11  base  pairs  apart  where  cutting  by  DNase  I  is 
actually  enhanced.  The  pattern  is  reminiscent  of  that  produced  by  nuclease 
digestion  of  nucleosomes  and  is  interpreted  similarly  as  showing  that  DNA  is 
wrapped  around  the  protein.  Cuts  on  opposite  strands  are  staggered  by  2-3  base 
pairs,  which  is  again  similar  to  the  nucleosomal  situation.  The  protection 
pattern  is  little  if  at  all  changed  by  the  addition  of  nucleoside  triphosphates; 
this  puts  certain  restrictions  on  models  of  the  enzymatic  reaction. 

Taken  together  with  the  fact  that  DNA  gyrase  works  by  passing  a  DNA  segment 
through  a  transient  double-strand  break,  these  results  suggest  a  reaction  model 
of  the  following  type:  enzyme  binds  preferentially  at  the  sites  delineated 
above,  these  being  also  the  preferred  sites  of  double-strand  breakage  during 
supercoil ing .  A  contiguous  segment  of  DNA  wrapped  over  the  enzyme  is  then 
passed  through  the  double-strand  break  in  a  process  coupled  to  a  protein  con- 
formational change  that  is  caused  by  the  binding  of  ATP.  After  hydrolysis  of 
ATP,  the  cycle  is  repeated. 

In  other  work  on  DNA  gyrase,  we  have  cloned  the  structural  genes  for  both 
subunits  on  plasmids  that  permit  the  overproduction  of  the  proteins.  We  can 
now  for  the  first  time  make  amounts  of  enzyme  large  enough  for  chemical  studies, 
and  perhaps  for  crystallography. 

Publ ications: 

Gellert,  M.,  Fisher,  L.  M.,  Ohmori  ,  H.,  O'Dea,  M.  H.,  and  Mizuuciii,  K.: 
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(Ed.):  The  Enzymes.  New  York,  Academic  Press,  1981,  In  press. 
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common  core  sequence  retained  the  capacity  to  act  as  the  bacterial  attachment 
site  (att  B),  but  poorly.  Those  molecules  that  carried  two  additional  four  base 
pair  sequences  of  the  original  DNA  on  both  sides  of  the  common  core  were  as 
active  as  the  authentic  att  B. 

The  nature  of  the  cross-over  point  within  the  common  core  sequence  during 
the  integrative  recombination  reaction  has  been  investigated.  The  disintegra- 
tion of   P  atoms  incorporated  in  a  DNA  molecule  was  used  to  generate  base 
specific  cleavage  within  a  segment  of  DNA  that  derived  from  one  of  the  parents 
of  the  reaction.  Integrative  recombination  was  shown  to  involve  staggered  cuts 
at  unique  sites  within  the  common  core  sequence.  Under  collaboration  with  Howard 
Nash,  we  found  that  the  integrase,  that  was  shown  to  have  DNA  topoisomerase 
activity,  is  a  type  I  DNA  Topoisomerase. 
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Project  Description: 

Integrative  recombination  reaction  of  phage  A  is  a  reaction  in  which  two 
specific  DNA  sites  (att  P  and  att  B)  are  recombined  to  produce  two  hybrid  sites 
(att  L  and  att  R).  This  reaction  leads  to  the  integration  of  the  phage  genome 
into  its  host  E.  coli  chromosome  in  the  lysogenic  pathway  of  the  phage  life 
cycle.  We  have  been  studying  this  reaction  by  using  an  in  vitro  reaction  system. 

Previously  we  have  shown  that  att  P  site  must  be  on  a  supercoiled  DNA 
molecule  to  be  an  efficient  substrate.  Molecular  form  of  att  B  site  is  not 
critical.  There  is  a  15  base  pair  common  core  sequence  shared  among  the  att 
sites  in  which  the  crossover  reaction  takes  place.  A  stretch  of  DNA  sequence 
extending  about  230  base  pairs  that  include  the  core  sequence  is  involved  in 
the  recognition  of  phage  site  (att  P) .  More  recently,  we  found  that  a  stretch  of 
23  base  pair  sequence  centered  by  the  15  base  pair  core  contains  essential  infor- 
mation for  the  function  of  att  B  site.  Furthermore,  we  found  that  a  DNA  molecule 
that  contains  only  the  core  sequence  derived  from  original  att  B  retains  a 
partial  activity  to  act  as  att  B. 

We  found  the  reaction  involves  a  very  conservative  mechanism.  No 
degradation  or  re-synthesis  of  the  parental  DNA  is  involved  in  the  reaction. 
When  a  covalently  closed  circular  form  of  the  substrates  are   used,  a  large 
portion  of  superhel icity  present  in  the  substrate  is  preserved  through  the 
reaction  process.  No  high  energy  co-factor  is  required  for  the  reaction. 

The  nature  of  the  crossover  point  within  the  common  core  sequence  in 
the  recombination  reaction  was  investigated. „  To  approach  this  question  we 
developed  a  new  method.  Disintegration  of   P  atom  incorporated  in  DNA  was 
used  to  generate  site  specific  cleavaqe  of  DNA  molecule.  A  fragment  of 
DNA  carrying  att  B  was  labeled  with   P  and  recombined  with  unlabeled  att  P 
DNA.  Restriction  fragments  carrying  recombination  products  (att  L  and 
att  R)  were  purified  and  stored  to  allow   P  atoms  to  disintegrate.  Resulting 
cleavage  products  were  analyzed  by  gel  electrophoresis.  From  the  distribution 
of  the  size  of  cleaved  products,  the  crossover  point  of  each  strand  was 
determined.  The  reaction  was  shown  to  involve  a  cut  at  a  unique  point  on  each 
strand  which  is  staggered  from  each  other. 

Howard  Nash  and  Yoshiko  Kikuchi  purified  the  integrase  protein  that  carries 
out  this  recombination  reaction  and  showed  that  the  protein  has  DNA  topoisomerase 
activity.  Under  collaboration  with  Howard  Nash,  we  have  shown  that  this  topo- 
isomerase can  be  classified  as  a  type  I  DNA  topoisomerase.  It  works  by  nicking 
and  closing  reaction  rather  than  by  double  strand  breakage  reaction  as  in  the 
case  of  DNA  gyrase. 

Under  the  same  collaboration,  we  are  trying  to  obtain  geometrical  informa- 
tion of  the  DNA  at  the  time  of  recombination  through  its  consequence  on  the 
topology  of  the  reaction  product. 


632 


ZOl  AM  33006-03  LMB 
Publications: 

Mizuuchi,  K.,  Gellert,  M.,  Weisberg,  R.A.  and  Nash,  H.A.;  Catenation  and 
supercoiling  in  the  products  of  bacteriophage  X  integrative  recombination 
in  vitro.  J.  Mol .  Biol.  141:  485-494,  1980. 

Mizuuchi,  M.  and  Mizuuchi,  K.:  Integrative  recombination  of  bacteriophage  A: 
Extent  of  the  DNA  sequence  involved  in  attachment  site  function.  Proc. 
Natl.  Acad.  Sci .  USA  77:  3220-3224,  1980. 

Mizuuchi,  K. ,  Weisberg,  R.,  Enquist,  L.,  Mizuuchi,  M.  Buraczynska,  M. 
Foeller,  C,  Hsu,  P.  L.,  Ross,  W.  and  Landy,  A.:  Structure  and  function 
of  the  phage  X   att  site:  Size,  int  binding  sites,  and  location  of  the 
crossover  point.  Cold  Spring  Harbor  Symp.  Quant.  Biol.  1981,  in  press. 

Nash,  H.  A.,  Mizuuchi,  K.,  Enquist,  L.  W.  and  Weisberg,  R.  A.:  Strand 
exchange  in  A  integrative  recombination:  Genetics,  biochemistry,  and 
models.  Cold  Spring  Harbor  Symp.  Quant.  Biol.  1981,  in  press. 


633 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 

HEALTH  AND  HUMAN  SERVICES 

PUBLIC  HEALTH  SERVICE 

NOTICE  OF 

INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


zoi  AM  33051-09  LMB 


PERIOD  COVERED 

October  1,  1980  to  September  30,  1981 


TITLE  OF  PROJECT  (30  characters  or  less) 

Mammalian  Enzymes  Involved  in  Repair  or  Replication  of  DNA 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


P. I.:   S.  B.  Zimmerman 
Other:  B.  H.  Pheiffer 


Research  Chemist 
Chemist 


LMB  NIADDK 
LMB  NIADDK 


COOPERATING  UNITS  (if  a'y) 

None 


lab/bra;. CM 
j      Laboratory  of  Molecular  Biology 


Section  on  Physical  Chemistry 


INSTITUTE  AND  LOCATION 

NIADDK,  NIH.  Bethesda .  Maryland  20205 


TOTAL  MANYEARS: 


0.6 


PROFESS  I  OtiAL: 


0.1 


0.5 


CHECK   APPROPRIATE   BOX(ES) 
Z  (a)      HUMAN   SUBJECTS 

n  (al)   MINORS       "J  (a2)    IfiTERVIEWS 


(b)  HUMAN  TISSUES 


2  (c)  NEITHER 


SUMMARY  OF  WORK  (200  -ords  or  less  -  underline  keywords) 
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Project  Description: 

Objectives:  To  isolate  and  characterize  enzymes  from  mammalian  sources 
which  act  on  DNA,  such  as  DNA  kinase  and  DNA  ligase,  in  order  to  attempt  to 
understand  more  fully  the  processes  of  DNA  repair  and  replication. 

Methods:  Standard  techniques  of  biochemistry. 

Major  Findings:  We  wish  to  determine  whether  damaged  sites  in  DNA  tend 
to  be  localized  with  respect  to  nucleosomes  in  reconstituted  chromatin,  as  well 
as  the  influence  such  localization  has  on  the  enzymatic  repair  of  these  sites. 
The  first  DNA  lesions  being  tested  are  single^strand  breaks  (nicks).  We  have 
prepared  a  unique  sequence  DNA  containing  a   P-labelled  nick  at  a  specific  site. 
This  material  was  formed  by  polynucleotide  kinase  labelling  of  (j)xl74  DNA  which 
had  been  cut  at  a  single  position  with  Xhol  restriction  nuclease,  followed  by 
annealling  of  the  labeled  DNA  with  an  excess  of  unlabelled  virion  DNA  and 
finally  by  gel  isolation  of  the  fraction  of  ■^'^P^corresponding  to  nicked  double- 
stranded  circular  molecules.  About  70%  of  the   P  in  such  preparations  is 
sealable  by  an  excess  of  DNA  ligase.  Preliminary  attempts  to  reconstitute  this 
DNA  into  nucleosomes  indicate  that  about  40%  of  the  label  of  the  -^^P  is  ind^^d 
phased  as  judged  by  the  ability  of  DNase  I  to  convert  this  fraction  of  the   P 
into  sharp  bands  of  about  10  n  periodicity.  The  DNase  I  fragment  lengths  are 
consistent  with  discrete  localization  of  the   P  at  or  very  close  to  DNase  I 
site(s).  The  lengths  and  intensities  of  the  fragments  further  indicate 
localization  at  or  near  the  ends  of  nucleosomes. 

We  have  written  a  review  for  The  Enzymes  on  the  current  status  of  eukaryotic 
DNA  kinases.  Much  of  the  material  reviewed  is  the  direct  result  of  research  done 
as  part  of  this  project. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
The  enzymes  discussed  above  are  thought  to  function  in  repair  and  replication 
of  DNA.  Damaged  regions  in  DNA  have  been  implicated  in  a  variety  of  disease 
states  as  well  as  in  aging  and  differentiation.  Enumeration  and  character- 
ization of  the  enzymes  which  carry  out  repair  and  replication  will  hopefully 
lend  insight  into  the  mechanisms  of  these  processes  and  the  aberrations  in 
them  which  occur  in  various  diseased  states.  Extension  of  these  studies  to 
repair  in  chromatin  should  more  closely  approach  the  in  vivo  state  of  DNA  in 
higher  organisms.   The  current  studies  are  directed  at  determining  the  localiza- 
tion of  damage  within  chromatin  and  the  ability  of  damage  within  nucleosomes  to 
be  repaired. 

32 
Proposed  Course:  While  it  is  not  unreasonable  to  equate  the  phased   P 

with  the  labeled  specific  nicks,  an  unknown  fraction  of  the  nonsealable  (i.e. 
non-nick)   P  may  be  responsible  for  this  phasing.  It  is  therefore  crucial  to 
raise  the  fraction  of  sealable  (i.e.  nick)   P  from  its  current  level  of  70%  to 
at  least  85%.  At  this  point,  quantitative  analyses  will  provide  unambiguous 
assessment  as  to  whether  the  phased   P  stems  from  the  nicks.  We  are  currently 
optimizing  the  annealling  and  purification  procedures  for  this  purpose.  Phased 
nicks  can  provide  a  unique  opportunity  to  test  whether  DNA  ligase  acts  directly 
upon  nicks  in  nucleosomes,  i.e.  without  sliding  or  dissociation  of  the  nucleo- 
somes. This  test  involves  recutting  such  ligated  chromatin  with  the  restriction 
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enzyme  used  in  the  preparation  of  nicked  DNA.  Subsequent  DNase  I  digestion 
of  such  material  will  only  give  bands  if  the  sealed  nicks  are  at  specific 
locations  relative  to  the  nucleosomes,  i.e.  if  no  sliding  or  dissociation  has 
occurred.  If  phasing  is  occurring,  we  will  test  the  action  of  DNA  ligase  on 
these  substrates. 


Publications:  None 
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Project  Description: 

Objectives :  Obtain  structural  information  on  polynucleotides  and  other 
materials  and  provide  insights  into  the  factors  which  control  structure. 


me 


Methods:  Standard  techniques  of  X-ray  diffraction  and  biochemistry;  new 
thods  of  sample  preparation  to  examine  oriented  samples  in  the  presence  of 
excess  solvent  by  X-ray  diffraction;  computerized  molecular  model  building. 

Major  Findings:  The  RNA-DNA  hybrid,  poly(rA) -polyldT) ,  can  adopt  two  con- 
formations depending  upon  its  degree  of  hydration.  Fibers  yield  a  conventional 
A'  RNA-like  pattern  at  79%  relative  humidity.  In  contrast,  under  highly  solvated 
conditions  this  material  yields  an  X-ray  diffraction  pattern  with  striking  sim- 
ilarities to  that  of  B  DNA  and  clearly  different  from  the  RNA-like  diffraction 
patterns  previously  obtained  from  fibers  of  other  hybrids.  A  structural  model 
is  proposed  for  the  solution  form  of  the  hybrid  that  has  several  similarities 
to  models  proposed  for  B  DNA.  The  hybrid  model  accommodates  the  2'-hydroxyl 
groups  of  the  poly(rA)  strand  in  intrachain  hydrogen  bonds  to  the  adjacent 
ribose  moieties . 

A  joint  NMR  and  X-ray  diffraction  study  has  been  carried  out  with  Drs. 
Shindo  and  Wooten.  X-ray  diffraction  measurements  were  used  to  assess  molecular 
conformation  and  orientation  to  aid  in  the  interpretation  of  solid  state  NMR 
measurements  on  poly(dA-dT) -polyldA-dT)  fibers  in  the  A  form.  The   P  NMR  data 
indicate  a  single  uniform  backbone  conformation;  a  unique  phosphodiester  orienta- 
tion was  derived.  The  simple  interpretation  of  the  NMR  pattern  of  this  polymer 
is  in  contrast  to  that  of  the  A  form  of  natural  DNA. 

A  joint  protein  chemistry  and  X-ray  diffraction  study  was  carried  out  in 
collaboration  with  Drs.  Steinert,  Gottesman  and  Cabral .  Intermediate  filaments 
were  isolated  from  Chinese  hamster  ovary  cells.  They  were  characterized  by  a 
number  of  techniques  including  X-ray  fiber  diffraction.  They  have  proven  to  have 
the  simplest  composition  of  any  intermediate  filaments  studied  to  date,  being 
composed  largely  or  entirely  of  a  single  protein  species. 

In  collaboration  with  Drs.  Behe  and  Felsenfeld,  the  X-ray  diffraction 
pattern  of  a  polymer  which  adopts  the  "high-salt"  form  of  Pohl  and  Jovin, 
poly(d6-5  C)-poly(dG-5  methyl  C)  has  been  collected.  The  pattern  is  clearly  of 
the  Z  form,  ascribed  to  the  novel  left-handed  structure  described  by  Wang  et  al  . 

A  review  on  the  current  status  of  the  structure  of  DNA  is  in  preparation  for 
Annual  Reviews  of  Biochemistry. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 
Polynucleotides  are  crucial  in  controlling  cells  in  both  normal  and  diseased 
states.  Understanding  of  polynucleotide  structure  will  hopefully  be  of  aid 
in  understanding  and  interacting  with  cells  in  such  diseased  states.  The  new 
sample-handling  techniques  are  a  step  in  this  direction,  allowing  structure 
evaluation  under  conditions  which  are  more  like  those  which  occur  in  vivo. 
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Proposed  Course:  There  are   many  interactions  which  DNA  and  other  poly- 
nucleotides undergo  which  can  be  profitably  examined  by  the  new  sample-handling 
techniques  developed  in  this  laboratory.  For  example,  the  survey  of  RNA-RNA 
and  RNA-DNA  duplexes  under  highly  solvated  conditions  will  be  continued  to 
determine  the  generality  of  a  B  DNA-like  conformation  for  RNA-containing  duplexes 
A  number  of  techniques  in  addition  to  diffraction  methods  will  be  brought  to  bear 
on  the  RNA-DNA  hybrid  for  which  we  have  proposed  a  novel  B  DNA-like  structure. 
In  particular,  the  new  method  of  Rhodes  and  Klug  for  determining  helical 
parameters  by  limited  nuclease  digestion  while  the  polymer  is  adsorbed  to 
surfaces  will  be  applied  along  with  other  more  conventional  spectroscopic  and 
enzymatic  techniques. 

The  polymer,  poly(dG-dC) -polyldG-dC)  ,  adopts  the  left-handed  Z  form  in 
fibers.   There  is  some  indirect  evidence  and  considerable  speculation  that  this 
form  corresponds  to  the  "high-salt"  form  described  by  Pohl  and  Jovin.  We  will 
apply  our  solvated  fiber  techniques  to  attempt  to  bridge  the  gap  between  solid 
state  and  solution  conditions. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Monkey  kidney  cells  (Vero)  grown  in  tissue  culture  in  35  mm  Petri  dishes 
have  been  observed  in  a  calorimeter  possessing  long  term  stability  of  0.5 
microwatts.  Cells  in  monolayer  culture  in  maintai nance  medium  were  found  to 
give  a  constant  level  of  heat  production  that  was  stable  for  over  five  days. 
This  base  line  characteristic  of  living  cells  was  established  to  be  exothermic 
relative  to  the  identical  instrumental  base  line  exhibited  by  media  alone  and 
cells  killed  by  exposure  to  either  methanol,  formaldehyde  or  y-radiation. 
Infection  of  living  Vero  cells  by  an  attenuated  strain  of  pol iovirus  exhibited 
a  broad  inverse  sigmoidal  transition  between  these  two  regimes.   This 
thermokinetic  behavior  following  virus  infection  was  found  both  for  cell  mono- 
layers in  minimal  maintainance  medium  and  for  suspensions  of  cells  in  growth 
media.  Detachment  of  the  cell  sheet  and  rounding  up  of  cells,  characteristic 
of  viral  infection  was  observed  concurrently  by  microscopic  examination.  The 
characteristic  time  course  of  the  decay  in  heat  production  was  related  to  the 
amount  of  infecting  virus  suggesting  that  calorimetry  might  be  utilized  as  an 
objective  method  for  the  assay  of  viral  titre. 
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Project  Description: 

Objectives:  To  utilize  calorimetric  techniques  for  the  observation  of  the 
course  of  viral  infection  of  cells  grown  in  tissue  culture.  The  two  major  aims 
of  this  research  are  to  determine:  1)  if  different  types  of  virus  might  be 
identified  by  means  of  characteristic  thermokinetic  "fingerprints";  2)  if 
caloriiiietry  may  be  used  as  a  quantitative  assay  of  viral  titre. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 
Success  in  either  of  these  two  areas  will  provide  an  entirely  new  research  tool 
that  is  both  objective  and  machine-based  in  contrast  to  the  subjective, 
repetitious  counting  assays  that  are  currently  employed. 

Proposed  Course  of  Project:  Effort  will  be  expended  in  finding  the  best 
combination  of  cell  and  media  conditions  for  sensitivity  and  rapidity  of  assay 
of  viral  innoculum  concentration.  The  behavior  of  other  viruses  will  be 
explored.  Finally,  attention  will  be  devoted  to  the  development  of  inexpensive 
disposable  vessels  for  use  in  this  work. 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  continued  our  study  of  the  structure  of  chromatin,  the  complex  of 
proteins  and  DNA  found  in  eukaryotic  nuclei .  We  have  probed  in  detail  the 
sensitivity  of  the  adult  e  globin  gene  of  chicken  to  a  variety  of  nucleases. 
We  find  that  in  erythrocytes  the  entire  6  kilobase  region  containing  this  gene 
is  uniformly  about  10  fold  more  sensitive  to  digestion  with  pancreatic  DNase 
than  is  bulk  DNA  or  other  specific  gene  sequences.  We  have  also  found  and 
mapped  in  great  detail  a  hypersensitive  site  in  erythrocyte  chromatin  near  the 
5'  end  of  this  gene.  This  is  the  first  detailed  analysis  of  such  a  site. 
Since  transcriptionally  active  chromatin  undergoes  changes  in  methylation  of 
cytosine,  principally  at  the  sequence  CpG,  we  have  synthesized  the  polynucleo- 
tide poly(Tn5dc-dG)'po1y(m5dC-dG)  in  order  to  study  the  effects  of  methylation 
on  DNA  structure.  We  find  that  the  methylated  polymer  can  undergo  transitions 
to  a  left-handed  Z-like  conformation  under  physiological  salt  conditions  (unlike 
the  unmethylated  polymer,  which  requires  very  high  salt  concentrations).  We 
have  measured  the  helical  repeat  and  other  physical  properties  of  this  polymer 
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Project  Description: 

Objectives :  The  object  of  this  project  is  to  determine  the  structure  of 
chromatin  and  the  relationship  of  this  structure  to  its  biological  role  in  cell 
differentiation. 

Methods  Employed:  Spectrophotometry,  analytical  ultracentri fugation,  di- 
alysis equilibrium,  and  other  standard  techniques  are  used  to  study  the  binding 
of  charged  molecules  to  DNA,  and  the  composition  of  the  regions  of  DNA  to  which 
these  molecules  are  bound.  Standard  chromatographic  and  electrophoretic  tech- 
niques are  used  in  purification  and  identification  of  histones.  RNA  polymerase 
is  purified  by  classical  enzymological  techniques  and  its  activity  examined  by 
membrane  filtration,  sucrose  gradient  sedimentation,  or  radioisotope  incorpor- 
ation. DNA-RNA  hydridization  methods  are  used  to  detect  presence  of  specific 
polynucleotide  sequences.  Gel  electrophoresis  methods  are  used  for  measuring 
DNA  and  protein  size,  for  examining  nucleoprotein  preparations,  and  for  detecting 
chemically  cross-linked  proteins  within  chromatin.  Recombinant  DNA  technology  is 
employed  to  generate  DNA  fragments  of  defined  sequence,  or  to  insert  eukaryotic 
DNA  fragments  into  vectors  capable  of  propagation  in  bacteria.  All  such  work  is 
carried  out  in  appropriate  and  approved  facilities  under  NIH  guidelines.  Xenopus 
oocytes  are   isolated  and  used  for  transcription  studies.  Optical  methods  are 
employed,  including  electric  linear  dichroism  and  circular  dichroism. 

Major  Findings :  Structure  of  active  chromatin  -  We  have  mapped  in  detail 
the  nuclease-sensitive  sites  in  the  6  Kb  region  containing  the  adult  e  globin 
gene  of  chicken.  In  adult  erythrocytes,  the  adult  gene  is  known  to  be  sensitive 
to  pancreatic  DNase  (DNase  I).  Using  restriction  enzymes  and  Southern  blotting 
techniques,  we  have  analyzed  quantitatively  sensitivity  across  this  region.  We 
find  that  the  entire  region  is  uniformly  about  ten-fold  more  sensitive  to  DNase 
I,  and  about  two-fold  more  sensitive  to  micrococcal  nuclease,  than  bulk  DNA, 
ovalbumin  genes  in  the  same  cells,  or  adult  B  globin  genes  in  brain  cells.  We 
have  also  found  an  extremely  sensitive  region  just  outside  the  5'  terminus  of 
the  coding  sequence  of  the  6  globin  gene.  The  sensitivity  is  also  correlated 
with  transcriptional  activity.  We  have  used  DNase  I,  DNase  II,  micrococcal  nuc- 
lease, and  a  variety  of  restriction  end  nucleases  to  map  the  hypersensitive  do- 
main, which  is  about  150  base  pairs  long,  and  have  collaborated  with  the  lab- 
oratory of  Dr.  J.  Engel  (Northwestern  University)  to  sequence  the  region. 

Mapping  of  repeated  sequences  and  of  RNA  sequence  abundance  -  We  have  made 
use  of  a  rapid  method  for  mapping  sequence  abundance  of  DNA  or  of  RNA  in  an  un- 
known population.  The  method  involves  uniform  binding  of  the  unknown  DNA  or  RNA 
to  DBM  paper,  followed  by  gel  transfer  of  radioacti vely  labelled  restriction  frag- 
ments from  a  probe  containing  the  region  of  interest.  The  intensity  of  distribu- 
tion of  the  resulting  pattern  of  adsorbed  labelled  fragments  reflects  the  abund- 
ance of  the  corresponding  sequence.   In  this  way  we  have  identified  a  repeated  se- 
quence near  the  5'  end  of  the  chicken  c  globin  gene,  and  have  shown  that  sequen- 
ces like  this  can  be  identified  in  the  cytoplasmic  RNA  fractions  of  erythrocytes. 

Higher  order  structure  of  chromatin  -  We  have  developed  methods  for  follow- 
ing the  folding  of  globin  and  other  genes  in  higher  order  chromatin  structure  as 
a  function  of  ionic  conditions.  The  methods  enable  us  to  show  that  in  adult  and 
14  day  erythrocytes,  the  adult  globin  gene  is  packaged  in  a  way  indistinguishable 
from  bulk  chromatin. 
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Structure  of  methylated  (CpG)  polymers  and  of  Z  DNA  -  Earlier  work  in  our 
laboratory  (McGhee  and  Ginder,  Nature,  280,  419-420,  1979)  had  shown  that  in  the 
g  globin  gene,  transcriptional  activity  was  correlated  with  absence  of  methyla- 
tion  at  certain  sites  on  DNA;  similar  results  have  now  been  obtained  in  other 
laboratories  with  other  genes.  The  site  of  such  methyl ation  is  the  5'  position 
of  cytosine,  usually  in  the  sequence  CpG.  To  understand  better  the  effects  of 
such  methylation,  we  have  synthesized  the  repeating  polymer  poly(m  dC-dG)-poly 
(m  dC-dG).  We  find  that  this  polymer  has  unusual  structural  features.  Like  the 
unmethylated  poly(dC-dG) •poly(dC-dG) ,  the  methylated  polymer  can  undergo  a  solu- 
tion transition  in  its  circular  dichroic  and  absorption  spectra  corresponding  to 
a  change  to  a  left-handed  "Z-like"  form.  In  the  case  of  the  unmethylated  polymer, 
this  requires  '^ery   high  salt  concentrations  (e.g.  0.7  M  MgCl2)-  The  methylated 
polymer,  however,  undergoes  the  transition  at  0.6  mM  MgCl^,  50  mM  NaCl ,  i.e.  at 
divalent  ion  concentrations  1000  fold  lower  than  those  required  in  the  absence 
of  methylation.  A  methylated  alternating  G-C  sequence  would  be  left-handed  under 
physiological  conditions.  We  have  studied  the  effect  of  a  variety  of  ionic  con- 
ditions on  the  B-Z  transition,  and  discovered  that  the  ion  Co  (NH^)^  is  capable 
of  inducing  the  transition  at  very   low  concentrations  even  in  unmethylated  dG-dC. 
This  has  enabled  us  to  carry  out  nuclease  digestion  studies  on  both  B  and  Z  forms 
adsorbed  to  various  substrates,  and  determine  the  helical  repeat  of  the  polymers 
in  both  forms.  The  B  form  is  characterized  by  a  repeat  of  10.4  base  pairs  per 
turn.  The  "Z"  form  has  13  to  13.7  base  pairs  per  turn,  a  repeat  that  is  larger 
than  the  value  of  12.0  found  by  others  in  fibers  of  dG-dC,  and  by  us  in  fibers  of 
the  methylated  polymer.  Although  special  adsorption  effects  remain  to  be  elimin- 
ated, it  seems  entirely  possible  that  the  solution  form  of  the  left-handed  poly- 
mer has  a  new  structure,  related  to  but  not  identical  to  that  of  the  fiber  form. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Chromatin  is  the  nucleoprotein  complex  that  appears  to  contain  the  chemical  in- 
formation for  cellular  differentiation.  Understanding  of  the  organization  of 
chromatin  proteins  on  DNA  and  the  way  in  which  they  affect  transcription  and 
other  DNA  functions  in  higher  organisms  will  contribute  to  an  understanding  of 
how  cells  differentiate,  and  how  they  maintain  this  differentiated  state,  in 
which  only  a  relatively  small  fraction  of  the  total  gene  population  of  the  cell 
is  expressed.  This  is  a  central  problem  in  cell  biology. 

Proposed  Course  of  Project  -  We  will  continue  physical  studies  of  the  forces 
which  stabilize  chromatin  structure,  and  particularly  studies  in  which  the  struc- 
ture transcriptionally  active  genes  is  compared  with  that  of  inactive  chromatin. 
This  work  will  include  studies  of  histone  modification  and  the  role  of  non- 
histone proteins.  We  will  attempt  to  determine  the  structural  basis  of  the  small 
nuclease-hypersensitive  regions  which  appear  to  be  present  near  all  active  genes. 
We  will  continue  physicochemical  studies  of  the  effects  of  methylation  on  DNA 
structure  and  attempt  to  determine  the  possible  relation  of  the  structural 
changes  we  have  observed  to  possible  effects  of  DNA  methylation  in  vivo. 

Publications: 

McGhee,  J.D.  and  Felsenfeld,  G.:  Nucleosome  Structure.  Ann.  Rev.  Biochem.  49: 
1115-1156,  1980. 

McGhee,  J.D.,  Felsenfeld,  G.  and  Eisenberg,  H.:  Nucleosome  Structure  and  Con- 
formational Changes.  Biophysical  Journal  32:261-70,  1980. 
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256:1502-1505,  1981 . 
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Nucleosome  Core  Particles  and  Core  Histones.  J.  Mol .  Biol.  1981,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  aspartic  protease  from  Rhizopus  chinensis   has   been  analyzed  as  a  complex 
with  the  inhibitor  pepstatin.     A  mechanism  of  substrate  binding  and  cleavage 
has  been  proposed.     Crystals   have  been  obtained  of  mouse  renin. 

Some  preliminary  data  collection  has  begun  with   the  enzyme  S-adenosyl 
methionine  synthetase. 


The  x-ray  structure  of  bovine  ribonuclease  A  has  been  refined  to  2.0  A 
resolution.      The  neutron  diffraction  investigation  of  this   enzyme  has  been 
completed  at  2.8  A  and  is  being  extended  to  2.0  A. 
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Project  Description: 

Objectives:  The  determination  of  the  three-dimensional  structures  of  enzymes 
with  a  view  to  understanding  their  mechanism  of  action. 

Methods  Employed:  X-ray  diffraction  analysis  of  single  crystals  including 
heavy  atom  isomorphous  replacement,  model  building,  coordinate  refinement  in 
both  real  and  reciprocal  space,  and  computer  graphics. 

Major  Findings:  1)  The  investigation  of  the  crystal  structure  of  the  aspartic 
protease  from  Rhizopus  chinensis  has  been  continued.  Data  have  been  collected  to 
1.8  A  with  the  intention  of  refining  the  structure  to  this  resolution.  The 
binding  of  the  aspartic  protease  inhibitor  pepstatin,  a  peptide  obtained  from 
streptomyces,  has  been  analyzed  as  a  complex  with  the  enzyme.  The  role  played 
by  residue  statine  (4-amino-3-hydroxy-5-methyl  heptanoic  acid)  at  position  4 
in  the  inhibitor  has  been  established  and  it  has  been  verified  that  statine 
approaches  a  tetrahedral  intermediate.  Based  on  the  statine  binding  a  model  of 
the  substrate  on  the  enzyme  surface  has  been  constructed  and  from  an  examination 
of  this  a  mechanism  of  action  of  the  enzyme  has  been  proposed. 

2)  The  murine  aspartic  protease  renin  has  been  crystallized  and  some  of  the 
crystal  properties  have  been  determined.  The  crystals,  although  still  small, 
diffract  to  ^-  3  A  resolution  and  appear  to  be  suitable  for  a  full  three-dimensional 
analysis  of  the  protein. 

3)  The  enzyme  bovine  ribonuclease  A  has  been  studied  by  neutron  diffraction 
in  collaboration  with  Alexander  Wlodawer  at  the  National  Bureau  of  Standards.   In 
order  to  obtain  a  suitable  starting  point  it  was  necessary  to  carry  out  an  exten- 
sive refinement  of  the  X-ray  structure  at  2.0  A  resolution.  This  refinement  is 
now  complete  and  the  neutron  diffraction  refinement  is  in  progress  and  approaching 
completion. 

Significance  to  bio-medical  research  and  the  program  of  the  Institute: 
The  acid  protease  is  one  of  a  large  class  of  enzymes  that  include  pepsin,  renin, 
and  the  cathepsins.   It  has  sequence  homology  with  other  members  of  the  class  and 
the  elucidation  of  its  structure  should  also  reveal  the  mechanism  of  action  of 
these  proteins. 

The  application  of  neutron- diffraction  to  biological  structure  introduces  a 
new  dimension  in  that  this  technique  can  locate  the  positions  of  protons  and 
deuterons.  This  has  profound  significance  for  the  understanding  of  the  molecular 
mechanism  of  action  of  enzymes,  and  is  being  applied  in  this  case  to  the  digestive 
enzyme,  ribonuclease. 

Publ ications : 


Cohen,  G.H.,  Silverton,  E.W.  and  Davies,  D.R.:  The  refined  crystal  structure 
of  Y-chymotrypsin  at  1.9  A  resolution:  Comparison  with  other  pancreatic  serine 
proteases.  J.  Mol .  Biol.,  in  press. 

Wlodawer,  A.  and  Sjolin,  L.:  Orientation  of  histine  residues  in  ribonuclease 
A:  A  neutron  diffraction  study.   Proc.  Natl.  Acad.  Sci .  USA  78:  2853-2855,  1981. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Further  refinement  has  been  carried  out  of  McPC603  Fab,  a  murine  phos- 
phocholine  specific  myeloma  protein. 


An  analysis  of  the  structure  of  the  murine  galactan-specific  J539Fab  at 
2.5  A  has  been  commenced. 
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Project  Description: 

Objectives :  A  comparative  investigation  of  the  crystal  structure  of  the  Fab 
fragment  of  Immunoglobulin  molecules  that  bind  strongly  to  several  different 
antigens.   In  this  way,  It  Is  hoped  to  map  out  the  binding  site  of  antibodies  and 
to  illustrate  the  mechanism  of  antigen-antibody  interaction. 

Methods  Employed:  Preparation  and  analysis  of  pure  materials.  Crystal- 
lization and  x-ray  diffraction  analysis  with:  a)  heavy  atom  isomorphous  replace- 
ment, b)  rotation  function,  c)  molecular  replacement  in  real  space.  Model  build- 
ing. Computer  comparison  of  structures.  Computer  automated  refinement  of 
phases  and  atomic  coordinates. 

Major  Findings:  1)  The  structure  of  McPC603  has  been  continued  to  be  refined 
at  2.7  A  resolution.  Refinement  has  resulted  in  considerable  improvement  in  the 
binding  site  residues.  Analysis  of  the  phosphochol ine  difference  electron  density 
maps  show  the  phosphochol ine  binding  site  and  demonstrate  that  only  minor  confor- 
mational changes  occur  upon  binding  hapten. 

2)  The  x-ray  oscillation  camera  data  for  J539,  a  mouse  galactan  -  specific 
myeloma  protein  has  been  processed  to  give  a  complete  2.5  A  data  set.  The  previous 
4.5  A  data  were  used  to  obtain  a  convincing  fit  with  a  partially  refined  model, 
using  coordinates  from  the  McPC603  model.  This  model  is  now  being  applied  to  the 
2.5  A  data  in  order  to  obtain  a  refined  model.  This  analysis  is  proceeding  well 
and  a  high  resolution  structure  of  the  first  sugar-binding  Fab  can  be  expected 
soon. 

3)  Continued  attempts   have  been  made  to  obtain  crystals   of  the  porcine  trans- 
plantation antigens,   in  collaboration  with  a  group  in  the  Transplantation  Biology 
Section,    Immunology  Branch,   NCI.     The  antigens   have  been   purified  by  papain  treat- 
ment of  crude  membrane  preparations   from  spleen.        The  Isolated   protein,  which 
probably  contains   two  distinct  gene  products,   has   been   used   to  screen  for 
crystallization  conditions   to  produce  crystals   suitable  for  x-ray  diffraction 
studies.      Presently  two  crystal    forms   have  been  produced,   needles   and  very   thin 
plates.      Neither  appear  suitable  at  this   stage  for  x-ray  diffraction. 

Publ ications : 


Klein,  M.,   Haeffner-Cavai 1  Ion,   N.,    Isenman,   D.E.,    Rivat,   C.  ,   Navia,   M.A., 
Davies,   D.R.,   and  Dorrington,   K.J.:      Expression  of  biological    effector  functions 
by  immunoglobulin  G  molecules   lacking  the  hinge  region.      Proc.    Natl.   Acad.   Sci . 
USA    78:    524-528,    1981. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  project  has  the  long  range  objective  of  studying  the  chemistry  and 
structure  of  nucleotides,  polynucleotides  and  nucleic  acids  and  the  application 
of  these  studies  to  the  understanding  of  biochemical  and  biological  processes. 
Topics  of  current  interest  include:   (1)  structure  and  reactivity  of  polynuc- 
leotides and  the  relation  between  the  two;  (2)  stabil ization  of  ordered  forms 
of  nucleic  acids  and  polynucleotides;  (3)  spectroscopic  studies  of  polynucleo- 
tides:  infrared,  ultraviolet,  and  circular  dichroism;  (4)  design  and  synthesis 


of  new  polynucleotides  having  properties  required  for  the  foregoing  studies. 
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Project  Description: 

A  Stereospecific  Complex  of  Po1y(I)  with  Ammonium  Ion 

We  have  previously  discovered  that  poly(I)  helix  formation  exhibits  a  strik- 
ing dependence  on  the  nature  of  the  alkali  metal  ion  present  in  solution  and  have 
attributed  this  effect  to  size-specific  chelation  of  metal  ions  in  the  axial 
channel  of  the  4-stranded  hejix.  We  have  now  found  that  specific  complex  forma- 
tion between  poly(I)  and  NH.  can  be  brought  about  by  freezing  and  thawing  the 
solution.  Accounting  for  the  properties  of  this  stable  complex,  however,  pre- 
sents more  difficult  problems  than  do  the  alkali  metal  ion  complexes.   In  partic- 
ular, the  NH-  ion  imposes  major  stereochemical  constraints  upon  complexing  which 
are  not  present  in  the  spherically  symmetrical  alkali  metal  ions.  All  4  protons 
must  be  hydrogen  bonded,  tetrahedral  symmetry  of  the  NH.  ion  must  be  satisfied 
in  the  complex,  and  acceptable  hydrogen  bond  lengths  ana  angles  must  be  present 
in  a  structure  which  is  consistent  with  the  general  helix  geometry.  We  have  pro- 
posed the  following  model  for  the  complex.  The  NH,  ions  are  located  on  the  4- 
fold  axis  midway  (1.7m)  between  the  planar  arrays  3f  the  bases.  The  distance 
from  this  site  to  each  of  the  nearest  8  carbonyl  oxygens  is  -^.2. 8a,  a  favorable 
value  for  NH-"0  hydrogen  bonds.  The  bonds  are  nonlinear  by  only  15°,  well  with- 
in the  accepted  range.  Two  of  the  protons  are  bonded  to  diagonally  opposite  car- 
bonyl oxygens  in  the  planar  array  above  the  binding  site  and  two  to  those  in  the 
array  below.  The  calculated  HNH  angle  is  then  108°,  in  good  agreement  with  the 
tetrahedral  value.  The  model  is  thi^js  able  to  satisfy  the  geometrical  and  chem- 
ical constraints  imposed  by  the  NH,  ion. 

Binding  Isotherms  of  Nucleosides  and  Polynucleotides  by  Continuous  Ultrafiltra- 
tion at  Constant  Volume 

Equilibrium  binding  isotherms  have  been  measured  as  a  function  of  tempera- 
ture for  the  interaction  of  2-  and  8-aminoadenosine  with  poly  (U)  by  continuous, 
constant-volume  ultrafiltration.  An  analytical  method  is  described  for  determin- 
ing the  entire  isotherm  in  a  single  experiment  on  a  preequil ibrated  ligand- 
polymer  solution.  The  method  is  shown  to  produce  the  same  results  as  classical 
equilibrium  dialysis  but  to  be  much  more  rapid  and  convenient.  Values  of  the 
enthalpy,  equilibrium  constant,  and  free  energy  of  stacking  as  a  function  of 
temperature  are  derived  from  the  binding  data.  Stoichiometry  of  interaction  is 
obtained  from  the  diafi 1 tration  profiles  as  well  as  from  the  binding  isotherms. 
For  2-aminoadenosine  the  association  constant  with  poly  (U)  is  2083  M"  ,  the 
enthalpy_|_-21 .4  kcal/mol,  and  the  stacking  free  energy  -2.0  kcal/mole  at  8°  in 
0.15M  Na  at  pH  7.  For  8-aminoadenosine  under  the  same  conditions  the  corres- 
ponding values  are  3773  M   -19.9  kcal/mole,  and  -2.2  kcal/mole. 

Spectroscopic  Detection  of  Premelting  Open  States  in  Polynucleotide  Helices 

Professors  Neville  Kallenbach  and  Walter  Englander  and  their  colleagues  had 
previously  found  evidence  from  isotope  exchange  experiments  (tritium  and  deuter- 
ium exchange)  suggesting  that  nucleic  acid  helices  have  significant  (e.g.  ]-5%) 
open  or  unpaired  regions  at  temperatures  well  below  the  melting  region.  As  part 
of  a  collaborative  project  with  them  we  have  examined  the  problem  by  infrared 
spectroscopy,  which  was  shown  by  our  previous  work  to  be  very  sensitive  to  base 
pairing.  Computerized  infrared  difference  spectroscopy  has  demonstrated  the 
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existence  of  unpaired  states  at  low  temperatures  and  given  estimates  of  the  ex- 
tent of  these  open  regions  in  qualitative  agreement  with  the  isotope  exchange 
experiments.  We  have  also  carried  out  CD  measurements  on  the  Jasco  500,  again 
using  computerized  difference  spectra  to  detect  open  states  at  low  temperature. 
These  results  are  also  in  general  agreement  with  the  others,  though  there  are 
quantitative  differences  among  the  three  methods. 

Ordered  Structures  of  Polyxanthyl ic  Acid 

Our  previous  work  has  indicated  that  poly(X)  in  neutral  solution  (ionized 
at  N3)  forms  a  4-stranded  helix  with  size-specific  complexing  of  alkali  metal 
ions  in  the  axial  channel  and  non-specific  association  of  metal  ions  at  the  C2 
enolate  anion.  Screening  of  interstrand  repulsion  of  the  negatively  charged 
bases  by  the  internal  counterions  is  essential  for  helix  stability.  The  acid 
form  of  poly(X)  (unionized),  however,  has  an  entirely  different  structure  for 
which  we  have  proposed  a  6-stranded  helix.  Further  studies  with  other  ions  are 
consistent  with  these  ideas.  Tetraethyl ammonium  ion  is  too  large  to  fit  in  the 
axial  channel  of  a  4-stranded  helix  and  we  find  that  no  ordered  poly(X)  struc- 
ture is  formed  at  neutral  pH  in  the  presence  of  this  ion.  The  acid  structure, 
which  should  not  depend  on_^a  central  metal  ion,  is  fully  formed  and  highly 
stable  in  the  presence  of  NEt..  In  an  attempt  to  fit  the  larger  axial  channel 
of  the  proposed  6-stranded  acid  helix  we  have  employed  guanidinium  ion.  This 
planar  ion  has  6  hydrogen  atoms  suitably  disposed  to  form  hydrogen  bonds  to 
6  xanthine  carbonyl  groups.  We  find  that  this  ion  does  bind  specifically  to 
the  acid  structure,  with  some  change  of  spectroscopic  properties.  With  the  4- 
stranded  neutral  helix,  however,  no  binding  of  guanidinium  ion  is  detected. 

Publ i cations: 
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Muraoka,  M.,  Miles,  H.T.,  and  Howard,  F.B.:  Copolymers  of  Adenylic  and  2- 
aminoadenyl ic  Acids.  Effect  of  Progressive  Changes  in  Hydrogen  Bonding  and 
Stacking  on  Interaction  with  Poly(uridyl ic  acid).  Biochemistry  19:2429-2439, 
1980. 

Howard,  F.B.,  Roy,  K.B.,  Frazier,  J.  and  Miles,  H.T.:  Does  Perchlorate  Ion 
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Govil,  G.  ,  Fisk,  C.L.,  Howard,  F.B.,  and  Miles,  H.T.:  Spectroscopic  Studies  on 
the  Structure  of  Poly(8-bromoadenyl ic  acid):  Effect  of  Glycosidic  Torsion  Angle 
on  the  Conformation  and  Flexibility  in  Polyribonucleotides.  Biopolymers  20:573- 
603,  1981. 

Miles,  H.T.:  Infrared  Spectroscopy  of  Polynucleotides  in  D^O  and  H^O  Solution. 
In  Srinivasan,  R.  (Ed.):  Biomolecular  Structure,  Conformation,  Function  and 
Evolution,  Vol.  2,  Physico-Chemical  and  Theoretical  Studies.  Oxford  and  New 
York,  Pergamon  Press,  1980,  pp.  251-265. 
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Closed  circular  DNA  of  the  plasraid  ColEl  of  Escherichia  coli  can  be 
replaced  j£i^  vitro  by  a  soluble  enzyme  systen.   No  plasmid  encoded  protein 
is  required  for  this  replication.   Initiation  of  replication  can  be 
demonstrated  with  a  mixture  of  three  highly  purified  _E.  coli  enzymes: 
RNA  polymerase,  DNA  polymerase  I  and  ribonuclease  H  (RNase  H) .   Transcription 
of  ColEl  DNA  by  RNA  polymerase  i£  vitro  starts  at  two  sites  in  a  region 
required  for  maintenance  of  the  plasmid.   Certain  transcripts  that  start 
at  one  of  the  sites  can  be  cleaved  by  RNase  H  and  then  act  as  primers  for 
DNA  replication.   Transcription  from  the  other  site  produces  a  RNA  ^  108 
nucleotides  long  (species  I  or  RNA  I).   Transcripts  analogous  to  the 
primer  and  RNA  I  of  ColEl  are  produced  when  pl5A  or  small  derivatives  of 
two  other  ColEl-compattble  plasmids,  CloDF13  and  RSF1030,  are  used  as 
template.   If  purified  RNA  I  is  added  to  the  transcription  reaction 
containing  RNA  H,  formation  of  primer  is  inhibited.   Each  RNA  I  can 
inhibit  primer  formation  by  the  plasmid  that  specifies  it  but  has  no 
affect  on  primer  formation  by  heterologous  templates.   Thus,  the  inhibition 
of  primer  formation  by  RNA  I  is  incompatibility  specific.   Because  RNA  I 
does  not  inhibit  initiation  or  propagation  of  transcription  or  the 
processing  of  preformed  precursors,  the  step  that  is  sensitive  to  inhibition 
is  probably  formation  of  the  hybrid  between  the  primer  precursor  and  the 
template.   This  hybrid  Is  the  required  substrate  for  RNase  H.   To  study 
the  mechanism  of  inhibition  of  primer  formation  by  RNA  I,  mutants  of 
ColEl  that  have  altered  incompatibility  properties  have  been  isolated. 
Each  mutant  has  a  single  base  change  at  or  near  the  center  of  at  least 
one  of  the  three  palindromes  in  the  region  that  specifies  both  the  primer 
RNA  and  RNA  I.   Data  from  in  vitro  transcription  studies  show  that  the 
single  base  changes  affect  both  the  ability  of  RNA  I  to  inhibit  primer 
formation  and,  as  well,  the  sensitivity  of  primer  formation  to  Inhibition 
by  RNA  I.   RNA  I  hybridizes  to  transcripts  originating  at  the  primer 
promoter  and  the  rate  of  hybridization  is  reduced  by  the  single  base 
changes.   The  ui  vivo  properties  of  the  mutant  plasmids  indicate  that 
incompatibility  between  two  plasmids  can  be  attributed  to  inhibition  of 
primer  formation  of  at  least  one  of  the  plasmids  by  the  RNA  I  of  the 
other. 

Publications : 
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primer  formation  by  a  plasmld-speclf les  small  RNA.   Proc.  Natl.  Acad.  Scl . 
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in  E_.  coli  have  been  studied.  Acetate  ion  and  several  lipid  solvents 
(Brij  58,  NP40  and  dimethylsulfoxide)  increase  the  frequencies  of  Tn9,  Tn5^  and 
TnlO^  transpositions.  The  C16  fatty  acid,  palmitic  acid,  reverses  the  effect  of 
Brij  58.  Compared  to  wild-type,  a  rho  mutant  (defective  in  transcription 
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Project  Description: 

Objectives :  An  understanding  in  molecular  terms  of  transposition,  a  process 
involving  recombination  between  certain  discrete  DNA  sequences  (transposons)  and 
non-homologous  target  chromosomes.  Particular  attention  has  been  paid  to  the 
regulation  of  ISl_-mediated  transposition. 

Major  Findings :  (1)  Previously,  we  reported  that  transposition  of  Tn^  is 
enhanced  3-10  fold  by  50  mM  acetate.  We  now  find  that  conversion  of  acetate  to 
acetyl  coA  is  necessary  for  this  stimulation  since  no  effect  of  acetate  is  found 
in  mutants  defective  in  the  conversion  of  acetate  to  acetyl  phosphate  (ack")  or 
of  acetyl  phosphate  to  acetyl  coA  (pta"). 

(2)  We  have  also  found  that  several  lipid  solvents  (Brij  58,  NP40  and 
dimethylsulfoxide)  enhance  transposition  of  Tn9_.  Surprisingly,  the  C16  fatty 
acid,  palmitic  acid,  reverses  the  enhancing  effect  of  Brij  58.  These  results 
suggest  an  involvement  of  lipid  (membrane?)  in  transposition. 

(3)  A  mutant  of  E.   coli ,  rhotslS,  which  is  defective  in  transcription 
termination  shows  a  20  fold  lower  than  normal  frequency  of  IS1_,  IS 5^  and  Tn9^ 
transposition.  Transposition  of  Tn5  and  TnlO  and  lysogenization  by  Mu,  however, 
are  normal . 

(4)  The  salicin-papillation  assay  of  Wright  has  been  used  to  identify  a  new 
gene  in  E^.  col  i  (tentatively  called  sap)  which  is  involved  in  transposition. 
This  gene  is  located  between  gal  and  attA .  More  precise  mapping  is  underway. 

Significance  to  biomedical  research:  The  discovery  of  transposable  elements 
has  led  to  a  new  understanding  of  how  chromosomal  rearrangements  can  occur. 
Transposition  plays  an  important  role  in  evolution,  gene  regulation  and  perhaps 
development.  Transposition  of  drug  resistance  elements  is  of  great  importance 
in  the  epidemiology  of  infectious  diseases  and  chemotherapy. 

Publications:   None 
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Analysis  of  the  physical  chemistry  of  linear  DNA  containing  replication 
loops  has  demonstrated  that  the  loops  are  remarkably  unstable  and  are  extruded 
as  double  stranded  DNA  at  a  significant  rate  even  at  temperatures  50°  and  more 
below  the  T^,.  The  rate  limiting  step  in  this  extrusion  is  the  rate  of  end  melt 
and/or  nucleation  of  the  nascent  strands ,  not  the  rate  of  branch  migration. 
This  unusual  feature  provides  a  general  method  for  the  isolation  of  origins  of 
DNA  replication. 

In  other  experiments  we  have  demonstrated  that  SV40  is  not  a  potent  mutagen 
and  that  its  weak  mutagenic  activity  is  probably  unrelated  to  its  ability  to 
transform. 
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Project  Description: 

Objective:  To  determine  the  molecular  basis  of  transformation  by  SV40  and 
to  determine  how  SV40  alters  the  normal  pattern  of  DNA  synthesis. 

Major  findings:   (a)  Both  upon  acute  infection  of  nonpermissive  cells  by 
SV40  and  in  SV40  transformed  cells  the  mutation  rate  has  been  reported  to  be 
significantly  increased.  This  has  led  to  a  theory  that  SV40  transformation  is 
analogous  to  chemical  carcinogenesis.  We  have  undertaken  extensive  analyses  with 
temperature  sensitive  and  deletion  mutants  of  SV40  in  both  hamster  and  rat  cells 
and  can  find  no  consistent  increase  in  the  mutation  rate.   (Hadjopoulos-Zannis 
and  Martin) 

(b)  A  number  of  revertants  of  temperature-insensitive  cell  lines  generated 
by  temperature  sensitive  viral  mutants  have  been  analyzed.  All  have  lost 
expression  of  the  SV40  tumor  antigen.  Analysis  of  the  integrated  SV40  sequences 
is  now  in  progress.   (Chepelinsky  and  Martin) 

(c)  A  cell  free  system  for  the  synthesis  of  DNA  has  been  developed.  Unfor- 
tunately, multiple  attempts  to  demonstrate  that  this  system  can  initiate  DNA 
synthesis  have  been  unsuccessful.   (Chepelinsky,  Martin  in  collaboration  with 

A.  Oppenheim  and  S.  Wickner) 

(d)  We  have  demonstrated  that  linear  double  stranded  DNA  containing  a 
replication  loop  is  remarkably  unstable  even  at  temperatures  50°  and  more  below 
the  Tfn  for  DNA.  Our  data  suggest  that  end  melt  of  the  nascent  strands  (the  short 
strands  in  the  replication  loop)  is  the  rate  limiting  step.  Following  end  melt 
of  one  of  the  strands,  the  second  is  extruded  and  the  two  ends  of  the  partially 
melted  short  strands  can  now  hybridize  forming  a  Halliday  structure.  This 
structure  then  undergoes  a  random  walk  by  branch  migration  eventually  leading 

to  extrusion  of  the  nascent  strands.  The  process  only  occurs  in  linear  DNA 
because  free  rotation  is  necessary  to  permit  branch  migration  to  proceed.  This 
bit  of  physical  chemistry  allows  one  to  isolate  origins  of  DNA  replication  at 
will.  We  are  currently  applying  this  technique  to  a  number  of  different  organisms 
(Hadjopoulos  and  Martin) 
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of  DNA  synthesis  by  S\/40.  Adv.  Cancer  Res.,  34:  1-68,  1981. 
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Three  different  topics  have  been  studied  under  this  project: 

(a)  (Hill,  Chen,  Tsuchiya,  Levitzki).  We  have  completed  an  extensive  four- 
year  study  of  the  general  properties  of  cooperative  steady-state  systems.  Three- 
state  Ising  systems  were  studied  further,  as  well  as  half-of-the-si tes  reactivity 
in  a  dimer.  The  particular  application  to  the  cooperative  regulated-actin  myosin 
ATPase  will  be  taken  up  again,  in  the  near  future,  using  the  Monte  Carlo  method. 

(b)  (Hill,  Tsuchiya).  Double-stranded  DNA  can  be  unwound  by  ATP-dependent 
helicases  and  by  treadmilling  binding  proteins,  using  the  net  free  energy  of  DNA 
synthesis  on  the  leading  strand.  These  processes  have  been  analyzed  from  a  bio- 
energetic  point  of  view,  and  a  possible  helicase  model  has  been  proposed. 

(c)  (Eisenberg,  Hill,  Chen).  We  are  continuing  our  work  on  explicit  kinetic 
models  of  muscle  contraction.  Calculations  are  in  progress  on  an  8-state,  single- 
site  model  with  biochemistry  corresponding  to  new  results  of  Eisenberg's  group. 
Related  to  this,  we  have  made  a  detailed  study  of  the  extent  to  which  free  energy 
transfer  can  be  followed  step-by-step  through  a  transducing  biochemical  cycle,  as 
in  membrane  or  muscle  systems. 
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Project  No.  ZOl  AM  36102-10  LMB 
Four  different  topics  have  been  studied  under  this  project: 

(a)  (Hill)  The  head-to-tail  treadmilling  of  subunits  in  actin  filaments 
and  in  microtubules  has  been  studied  further.  Our  earlier  bioenergetic  analysis 
has  been  extended  to  take  care  of  a  three-state  NTPase  cycle,  which  is  important 
under  some  experimental  conditions.  The  steady-state  polymer  length  distribution 
has  been  derived;  it  has  the  same  mathematical  form  as  at  equilibrium  but  the 
parameters  are  different.  Assembly  or  disassembly  of  subunits  under  a  mechanical 
force  has  been  included  in  the  theory  —  this  is  important  for  changes  in  shape  of 
cells  (actin)  or  for  the  movement  of  chromosomes  in  mitosis  (microtubules). 

(b)  (Hill,  Tsuchiya,  Eisenberg,  Greene)  Further  work  has  been  done  on  the 
theory  of  binding  of  myosin  to  regulated  actin  (actin  +  tropomyosin  +  troponin  + 
Ca"'"''").  Heavy  meromyosin  attaches  to  two  adjacent  actin  binding  sites.  The 
statistical  mechanics  of  this  binding,  taking  into  account  the  seven-site  units 
of  regulated  actin,  has  been  worked  out  by  an  exact  matrix  theory.  Corresponding 
experiments  are  in  progress  by  Eisenberg  and  Greene  at  N.I. H.   In  other  work,  an 
alternative  model  for  one-headed  S-1  binding  on  regulated  actin  has  been  studied. 
In  this  model,  the  first  S-1  in  a  unit  of  seven  sites  binds  with  difficulty  but 
further  S-1  molecules  bind  relatively  easily,  owing  to  a  more  favorable  position 
of  tropomyosin  imposed  by  the  binding  of  the  first  S-1. 

(c)  (Chen)  As  a  first  step  in  studying  the  structure  of  covalently-closed 
circular  DNA  molecules  in  solution,  we  have  devised  an  efficient  method  of 
generating  ring  polymers  of  the  freely  jointed  model.  The  method  is  several 
orders  faster  than  the  usual  (direct)  Monte  Carlo  method  and  thus  makes  it  possible 
the  first  time  to  study  the  statistics  of  large  ring  polymers  of  this  model. 

(d)  (Chen)  Many  biological  processes  in  circular  DNA  molecules,  such  as 
replication,  transcription,  recombination,  etc.,  are  closely  related  to  the 
tertiary  structure  of  the  DNA  molecule.  For  example,  these  processes  are  greatly 
enhanced  by  the  presence  of  negative  superhel ices.   In  gyrase  action,  the  direc- 
tional orientation  of  the  two  crossing  segments  determines  the  increase  or 
decrease  of  the  linking  number.   In  this  study,  the  structure  of  circular  DNA 
molecules  is  being  investigated  using  the  ring  polymers  of  the  freely  jointed 
model  by  bending  and  twisting  energies  to  the  ring.  Specifically,  the  radius  of 
gyration,  the  writhing  number,  and  the  orientational  distribution  function  of  two 
distant  segments  of  circular  DNA  molecules  will  be  calculated  as  a  function  of  the 
linking  number  and  the  persistence  length  of  the  DNA. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

No  new  developments  on  this  project  at  this  time. 


Annual  Report  of  the 
Mathematical  Research  Branch 
National  Institute  of  Arthritis,  Diabetes  and  Digestive  and  Kidney  Diseases 

The  development  of  a  mathematical  model  to  describe  the  transport  of 
oxygen  in  solutions  of  hemoglobin  and  myoglobin  and  a  numerical  method  for 
its  solution  have  been  reported  previously.  The  chemical  kinetics  are  des- 
cribed by  the  single  step  reaction  P  +  X  =^  PX.  The  method  is  extended  to 
take  into  account  the  cooperative  properties  induced  by  the  four  step  reaction 
(Adair)  of  the  hemoglobin-oxygen  chemical  kinetics.  The  magnitude  of  the 
facilitated  transport  of  oxygen  for  the  model  that  includes  the  cooperative 
properties  of  hemoglobin  is  compared  with  the  one  for  the  model  associated 
with  the  single  step  reaction.  Some  features  contained  in  the  former  that 
are  not  available  in  the  single  step  model  are  shown  to  favor  the  facilitated 
transport.  The  results  for  hemoglobin  as  it  occurs  in  the  red  cells  make  it 
plausible  that  facilitation  may  contribute  to  the  transport  of  oxygen  in  the 
red  cell  inside  the  systemic  capillaries.  A  manuscript  "Transport  of  Oxygen 
in  Solutions  of  Hemoglobin  and  Myoglobin"  to  be  published  in  MatkmcLticaZ 
^o-i,CA.tncz^   is  now  in  press. 

All  of  the  published  theoretical  studies  on  facilitated  transport  have 
assumed  homogeneous  spatial  properties.  In  the  striated  muscle  there  exist 
membranes  that  may  impede  the  diffusion  of  the  carrier  myoglobin.  A  theoretical 
study  is  undertaken  to  analyze  the  transport  in  the  presence  of  membranes  on 
the  diffusion  path.  The  numerical  method  above  has  been  extended  to  include 
the  nonhomogeneous  spatial  parameters  as  they  occur  in  the  striated  muscle. 
For  the  numerical  computations  the  values  of  the  parameters  were  chosen  to 
comprise  those  of  physiological  relevance.  The  numerical  results  indicate 
that  the  presence  of  membranes  tends  to  decrease  the  facilitation.  For  the 
nonlinear  chemical  kinetics  of  oxygen  with  the  carrier,  this  decrement  also 
depends  on  the  location  of  the  membrane.  At  the  higher  oxygen  concentration 
side  of  the  membrane  the  flow  of  combined  oxygen  is  transferred  to  the  flow 
of  dissolved  oxygen.  The  reverse  process  occurs  at  the  lower  concentration 
side.  Jump  discontinuities  on  the  concentration  of  the  oxygen-carrier  com- 
pound at  the  membranes  are  associated  with  these  transfers.  Let  a""  be  abso- 
solute  value  of  the  jump  in  the  concentration  at  the  i-th  membrane.  It  was 
shown  that  the  facilitated  transport  can  be  represented  by 

Ff  =  \  [x^q(xO)  -  x^q(x^)  -  i^l  +  _ma:  +  a|)  +  A-,^}]  , 

where  D^  is  the  diffusion  coefficient  of  the  oxygen-carrier,  I   is  the  width 

of  the  slab,  +  represent  the  higher  oxygen  concentration  side  of  the  membrane, 
-  represent  the  lower  concentration  side,  n  is  the  number  of  membranes  and 

Xg  (x-|),  X2^(x-|)  are  the  equilibrium  concentrations  of  oxygen-carrier  at  the 

faces  of  the  slab.  One  observes  from  this  expression  that  the  decrement  in 
facilitation  depends  on  the  cummulative  effect  of  the  jumps.  Let  a-   denote 

the  boundary  layer  width  at  the  i-th  membrane.  When  the  intermembrane  dis-. 
tance  is  larger  than  2a^ ,  it  was  shown  that  a  relationship  exists  between  a""  , 
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the  total  flow  of  oxygen  and  the  slope  of  the  oxygen  dissociation  curve.  These 
relations  define  an  algebraic  system  whose  solution  gives  the  facilitated  flow. 
This  algebraic  system  enables  one  to  find  the  facilitated  flow  directly  without 
obtaining  the  profiles  of  concentration  of  the  substrates.   (Jose  M.  Gonzalez- 
Fernandez  and  Susie  E.  Atta). 

We  have  previously  carried  out  theoretical  calculations  of  responses  in 
dendritic  neurons  to  various  spatial  distributions  of  synaptic  input  and  to 
injection  of  current  at  different  dendritic  locations.  Many  of  these  earlier 
computations  took  advantage  of  idealized  branching  geometry  (e.g.  Rail,  1960; 
Rail  and  Rinzel  ,  1973,  1974).  Other  computations  (Rail,  1964,  1967)  intro- 
duced compartmental  models  which  permit  specified  departures  from  idealized 
branching  and  from  uniform  membrane  properties;  this  makes  it  possible  for 
computations  to  be  matched  as  closely  as  desired  to  actual  experimental 
situations.  We  have  now  begun  a  program  of  matching  such  computations  to 
several  different  experimental  preparations  in  consultation  and  collaboration 
with  several  different  colleagues.  The  neurons  to  be  studied  in  detail  are 
(1 )  motorneurons  from  the  lobster  stomatogastric  ganglion  (anatomical  and 
electrophysiological  data  already  obtained  by  Dr.  John  Miller  at  UCSD;  now  a 
guest  worker  here),  (2)  mitral  and  granule  cells  of  turtle  olfactory  bulb 
(data  already  obtained  by  Prof.  Gordon  Shepherd  and  colleagues  at  Yale  Univ. 
Med.  Sch.)  and  (3)  motorneurons  of  cat  spinal  cord  (data  obtained  by  Dr.  Robert 
Burke  and  colleagues  in  Lab.  of  Neural  Control,  NINCDS).  The  computations 
make  use  of  a  large  electrical  network  modeling  program,  "SPICE"  which  runs 
on  the  IBM  370.  By  adapting  our  mathematical  model  to  this  program,  we  can 
specify  any  combination  of  electrical  membrane  properties  and  any  neuron 
geometry.  We  have  begun  to  investigate  the  attenuation  and  phase  shift  of 
sinusoidal  current  inputs  to  the  soma  of  a  model  neuron.  The  results  show  the 
same  trends  as  those  observed  experimentally  in  motorneurons  of  the  lobster 
stomatogastric  ganglion.  We  are  currently  investigating  the  effects  of 
including  more  or  less  detail  in  the  model  to  represent  the  known  details  of 
the  dendritic  branching  of  these  lobster  neurons.  Consultations  have  been 
carried  out  both  with  Prof.  Gordon  Shepherd  and  with  Dr.  Robert  Burke.  The 
overall  objective  of  these  studies  is  to  gain  and  test  specific  insights 
relevant  to  the  integrative  properties  of  dendritic  neurons  which  receive 
inputs  from  many  afferent  sources.   (Wilfrid  Rail  and  John  Miller). 

Arbitrary  stationary  homogeneous  media  generically  behave  in  one  of  four 
canonical  ways  near  a  uniform  equilibrium  point.  Multiple  scales,  bifurcation, 
and  symmetry  methods  can  be  used  to  derive  canonical  equations  governing  the 
behavior  of  the  full  system.  These  equations  have  been  derived  and  analyzed. 
Three  papers  are  in  preparation. 

An  improved  set  of  bifurcation  equations  for  hexagonal  lattices  is  applied 
to  a  problem  of  visual  illusions.  Hysteresis,  multiple  patterns,  and  onset  of 
illusions  under  periodic  stimuli  is  predicted.  Phenomena  ranging  from  drug 
induced  hallucinations  to  deep  pressure  and  flicker  phosphenes  can  be  easily 
explained  by  this  theory. 

Neuronal  networks  which  have  strong  self  excitation  can  display  a  variety 
of  rotating  and  standing  oscillatory  waves.  The  form  of  these  waves,  their 
frequency,  and  dispersive  qualities  resemble  physiologically  recorded  epileptic 
waves  in  rabbit  cortex.  A  manuscript  describing  these  waves  is  in  preparation. 

Multiple  scaling  is  used  to  elucidate  the  behavior  of  two  coupled  oscil-  . 
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lators  with  nearly  rationally  related  frequencies.  The  ranges  of  n:m  phase 
locking  are  described  and  applied  to  various  biological  and  physical  problems. 
The  results  are  to  appear  in  J.  Math.  Biology,  1981. 

A  chain  of  coupled  oscillators  which  models  the  rhythmic  properties  of  the 
small  intestine  is  analyzed.  A  geometric  method  is  used  to  explain  the  onset 
of  "frequency  plateaus",  a  well  known  but  poorly  understood  property  of  the 
intestine.  A  simplified  "phase"  model  is  also  used  which  qualitatively  agrees 
with  the  more  complex  system. 

A  "degenerate"  homoclinic  orbit  is  periodically  perturbed.  This  problem 
is  analogous  to  stimulating  a  space  clamped  nerve  axon  or  any  similar  medium. 
Regimes  of  phaselocking  are  found  which  correspond  to  periodic  solutions  to 
the  full  problem.  Singular  perturbation  methods  reduce  the  system  to  a 
canonical  Hill's  equation: 

u^^  =  -uQ(t)  ;  Q(t  +  T)  =  Q(t). 

A  manuscript  is  in  preparation.   (G.  B.  Ermentrout  and  J.  Rinzel). 

We  have  analyzed  oscillatory  solutions  to  a  modified  Field-Noyes  model 
for  the  Belousov-Zhabotinskii  chemical  reaction.  Bursting  patterns  of  oscil- 
lation have  been  observed  experimentally  in  a  continuous  flow,  stirred  tank 
reactor.  By  considering  a  range  of  parameter  values  and  simplified  models, 
we  explain  three  qualitatively  different  bursting  phenomena.   In  one  case, 
bursting  is  due  to  a  hysteresis  mechanism  in  which  a  dynamic  variable  slowly 
sweeps  back  and  forth  through  values  for  which  the  (non-flow)  batch  reactor 
model  has  both  a  stable  steady  state  and  a  stable  limit  cycle.  Our  results 
have  been  presented  at  several  conferences;  a  manuscript  is  in  final  prepar- 
ation.  (J.  Rinzel  and  W.  C.  Troy). 

We  previously  observed,  for  a  bistable  FitzHugh-Nagumo  reaction-diffusion 
model,  that  certain  transition-type  traveling  waves  may  be  reflected  by  local 
disturbances  and  others  may  not.   In  a  idealized  formulation,  we  analyze  the 
reflection  problem  by  treating  the  local  disturbance  as  a  specified  boundary 
condition.   In  one  case,  we  prove  that  a  stable  stationary  solution  exists; 
we  predict  and  observe  numerically  that  a  wave  will  approach  this  stationary 
solution  and  will  not  be  reflected.  We  conclude  that  reflection  occurs  for 
cases  where  a  stationary  solution  is  either  unstable  or  does  not  exist.  A 
manuscript,  with  D.  Terman ,  has  been  submitted  to  the  SIAM  Journal  of  Applied 
Mathematics.   (J.  Rinzel). 

Various  aspects  of  mathematical  modeling  in  cellular  neurobiology  were 
reviewed  and  presented  by  invitation  at  two  conferences:  Mathematical  Aspects 
of  Physiology  (Salt  Lake  City,  Utah)  and  NATO  Advanced  Study  Institute, 
Nonlinear  Phenomena  in  Physics  and  Biology  (Banff,  Canada).  A  paper  will  be 
published  in  proceedings  for  each  conference.  (J.  Rinzel). 

A  simple  kinematic  approximation  for  the  x-t  trajectories,  and  speeds,  of 
propagating  nerve  impulses  has  been  proposed  (R.  N.  Miller  and  J.  Rinzel, 
Biophys.  J.  3^  (1981)  227-259).  By  using  the  Hodgkin-Huxley  model  as  a  test 
case  for  a  two-pulse  simulation,  we  are  comparing  this  procedure  with  other 
approximate  descriptions  in  the  literature.   (J.  Rinzel  and  A.  C.  Scott). 

We  have  studied  dynamic  behavior  in  a  simple,  one-variable,  reaction- 
diffusion  model  for  the  cases  of  either  excitable  or  oscillatory  reaction 
kinetics  (G.  B.  Ermentrout  and  J.  Rinzel,  J.  Math.  Biology  1_1_  (1981)  269-294) 
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We  are  now  investigating  how  solutions  of  the  simple  phase  model  are  useful 
for  asymptotically  solving  certain,  more  complicated,  models.  Spatially 
uniform  oscillations  are  obtained  by  a  singular  perturbation  procedure  for  a 
parameter  near  its  critical  value  (the  infinite  period  case).   (J.  Rinzel  and 
G.  B.  Ermentrout). 

All  previously  reported  results  regarding  mean  residence  times,  linear 
output  of  stationary  systems  and  lag-times  in  presteady-state  enzyme  systems 
have  been  written  up  for  publication  and  are  in  press.  The  practical  and 
applicable  aspects  of  the  lag-time  studies  for  coupled  enzyme  systems  have 
been  greatly  extended  to  specify  which  rate  parameters  can  be  estimated  from 
the  lag-time  alone  or  from  lag-time  in  conjunction  with  steady-state  studies 
of  the  usual  type.  Conditions  which  shorten  the  lag-time  have  been  prescribed 
and  are  of  some  importance  in  biochemical  assay  with  coupled  enzyme  systems. 
(John  Z.  Hearon). 

The  need  for  validation  in  kidney  modelling,  especially  of  solute  and 
water  balance,  continues  to  be  evident  in  the  leterature.  A  six-tube  vasa 
recta  model  (R.  Mejia,  J.  L.  Stephenson  and  R.  J.  LeVeque,  A  Test  Problem  for 
Kidney  Models,  Math.  Biosci.  50:129-131,  1980)  has  been  published  for  this 
purpose. 

The  existence  of  multiple  steady  states  for  certain  models  of  the  renal 
medulla  has  been  recognized  by  us  for  some  time.  Methods  for  locating  and 
classifying  these  states  have  been  devised  (R.  Mejia,  A  Path  Following  Method 
for  Obtaining  a  Connected  Component  of  the  Solution  Surface  of  a  Convection- 
Diffusion  Model  in  Fluid  Flow,  abstract.  Annual  Fall  Meeting  of  the  Maryland- 
District  of  Columbia-Virginia  section  of  the  Mathematical  Association  of 
America,  November  1980).  A  method  for  obtaining  such  solutions  for  a  multi- 
nephron  kidney  model  and  for  studying  the  transition  from  one  state  to  another 
as  a  function  of  renal  parameters  has  been  described  (R.  Mejia  and  J.  L.  . 
Stephenson,  Multiple  Solutions  of  Convection-Diffusion  Equations  Describing 
the  Renal  Concentrating  Mechanism,  Numerical  Methods  for  Engineering,  GAMNI  2, 
2nd  International  Congress,  1003-1013,  1980).  The  main  conclusions  of  these 
investigations  are  (1)  multiple  stable  steady  states  appear  to  be  physiologi- 
cally plausible;  (2)  such  states  are  connected  by  hysteresis  loops  that  might 
stabilize  operation  in  substantially  different  regimes;  (3)  some  paths,  e.g., 
as  a  function  of  certain  model  parameters,  are  forbidden,  which  suggests 
appropriate  experiments. 

An  interactive  continuation  algorithm  called  SCOUT  due  to  H-0.  Peitgen, 
H.  Jurgens  and  D.  Saupe  at  Universitat  Bremen,  has  been  implemented  on  the 
PDP-10  and  PDP-11  computers  at  the  NIH  Computer  Center.   It  consists  of  a  set 
of  simplicial  continuation  utilities  that  accept  a  simple,  FORTRAN,  descrip- 
tion of  the  set  of  equations  whose  roots  are  sought.  It  will  homotope  to  a 
root  from  an  initial  guess;  it  will  continue  as  a  function  of  a  parameter; 
allows  for  a  variable  mesh  size;  and  uses  a  perturbation  technique  to  resolve 
bifurcation  points  or  seek  disjoint  solution  branches.  SCOUT  has  been  used 
to  map  the  solution  surface  for  some  analytic  models  and  has  served  to  verify 
results  obtained  for  some  small  (up  to  15  finite  difference  equations) 
discretized  models  using  methodology  described  below. 

SCOUT,  although  at  the  forefront  of  the  state-of-the-art  in  numerical 
continuation,  cannot  begin  to  handle  the  nonlinear  systems  with  hundreds  of 
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unknowns  that  arise  in  multinephron  kidney  models.  Hence,  the  (partitioned) 
algorithm  used  to  solve  the  time  dependent  kidney  equations  for  many  nephrons 
(R.  Mejia  and  J.  L.  Stephenson,  Numerical  Solutions  of  Multinephron  Kidney 
Equations,  J.  Comput.  Phys.  Vol.  32,  Number  2,  235-246,  1979)  has  been 
extended.  An  adaptive  multigrid  method  for  solution  of  a  multipoint  boundary 

value  problem  has  been  developed.  The  0(h  )  approximation  used  to  solve  the 

tubular  equations  in  the  partitioned  algorithm  has  been  >^eplaced  by  an  0(h  ) 
scheme  (R.  P.  Tewarson,  On  the  Use  of  Simpson's  Rule  in  Renal  Models,  Math. 
Biosci.,  to  appear).  These  have  been  solved  symbolically  (R.  Mejia  and  J.  L. 
Stephenson,  Symbolics  and  Numerics  of  a  Multinephron  Kidney  Model,  1979 
MACSYMA  User's  Conference,  Washington,  D.  C,  596-603.  The  interstitial 
variables  and  the  boundary  equations  are  discretized  using  a  difference  scheme 
with  space  mesh  size  of  h/2,  which  is  conservative.  The  partitioned  system 
is  then  solved  using  an  adaptive,  alternating  method  (R.  Mejia  and  J.  L. 
Stephenson,  An  Alternating  Method  of  Solution  of  a  Multipoint  Boundary  Value 
Problem,  SIAM  1979  Fall  Meeting,  Denver,  Colorado).  Tests  indicate  that  the 
increased  accuracy  in  conjunction  with  a  coarser  mesh  will  permit  solution 
of  models  with  several  nephron  populations,  something  that  is  required,  for 
example,  in  the  study  of  multisolute  systems. 

Work  has  continued  on  approximate  analytic  solution  of  central  core 
models  of  the  renal  medulla.  Earlier  analytic  work  has  been  extended  by 
deriving  general  mass  balance  equations  for  an  n-stage  single  solute  central 
core  model  of  the  renal  medulla.  When  these  equations  are  combined  with  a 
previously  derived  approximate  relation  between  axial  volume  flow,  concentra- 
tion, solute  permeability,  hydraulic  permeability,  and  reflection  coefficient; 
we  are  led  to  implicit  equations  for  the  concentration  at  the  various  medullary 
levels.  For  selected  cases  these  can  be  solved  to  give  a  closed  analytic 
solution,  but  in  general  they  must  be  solved  numerically.  To  do  this  and  to 
explore  the  parameter  space  of  these  models,  we  have  used  the  continuation 
algorithm  called  SCOUT  described  above.  The  results  of  these  studies  are  now 
being  written  up  for  publication.   (John  Stephenson,  R.  Mejia  and  B.  Kellogg). 
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All  previously  reported  results  regarding  mean  residence  times,  linear  output 
of  stationary  systems  and  lag-times  in  presteady-state  enzyme  systems  have  been 
written  up  for  publication  and  are  in  press.  The  practical  and  applicable  aspects 
of  the  lag-time  studies  for  coupled  enzyme  systems  have  been  greatly  extended  to 
specify  which  rate  parameters  can  be  estimated  from  the  lag-time  alone  or  from 
lag-time  in  conjunction  with  steady-state  studies  of  the  usual  type.  Conditions 
which  shorten  the  lag-time  have  been  prescribed  and  are  of  some  importance  in 
biochemical  assay  with  coupled  enzyme  systems.  The  project  is  hereby  terminated. 

Publications : 

Hearon,  J.  Z.:  Residence  times  in  compartmental  systems  with  and  without  inputs. 
Math.  Biosci .  (in  press). 

Hearon,  J.  Z.:  Asymptotic  output  of  compartmental  systems.  Math.  Biosci.  (in 
press). 
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For  several  years,  this  project  has  been  concerned  with  constructing,  developing 
and  testing  a  group  of  interrelated  mathematical  models ,  relevant  to  experi- 
mental neurophysiology  and  neuroanatomy.  Together  these  models  provide  a  theory 
that  can  account  for  various  sequences  of  events  in  the  soma  and  dendritic 
branches  of  a  single  neuron,  and  for  field  potentials  generated  by  certain 
cortical  populations  of  neurons.  Computational  experiments  performed  with  these 
models  provide  theoretical  predictions  that  have  been  compared  with  experimental 
results  obtained  by  colleagues  with  motoneurons  of  cat  spinal  cord,  and  with 
the  mitral  cell  and  granule  cell  populations  of  rabbit  olfactory  bulb.  Resultinc 
interpretations  contribute  to  understanding  of  dendritic  synaptic  input  and  of 
dendro-dendritic  synaptic  interactions.  These  results  have  appeared  in  the 
Biophysical  Journal  and  in  the  Journal  of  Neurophysiology.  A  comprehensive 
chapter,  entitled  "Core  conductor  theory  and  cable  properties  of  neurons"  (in  The 
Handbook  of  Physiology:  The  Nervous  System,  Vol .  I ,  Cellular  Biology  of  Neurons, 
American  Physiological  Society  1977)  summarizes  some  of  these  results.  Detailed 
application  is  now  being  made  to  motor  neurons  of  lobster  stomatogastric  ganglior 
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We  have  previously  carried  out  theoretical  calculations  of  responses  in 
dendritic  neurons  to  various  spatial  distributions  of  synaptic  input  and  to 
injection  of  current  at  different  dendritic  locations.  Many  of  these  earlier 
computations  took  advantage  of  idealized  branching  geometry  (e.g.  Rail,  1960; 
Rail  and  Rinzel  ,  1973,  1974).  Other  computations  (Rail,  1964,  1967)  intro- 
duced compartmental  models  which  permit  specified  departures  from  idealized 
branching  and  from  uniform  membrane  properties;  this  makes  it  possible  for 
computations  to  be  matched  as  closely  as  desired  to  actual  experimental 
situations.  We  have  now  begun  a  program  of  matching  such  computations  to 
several  different  experimental  preparations  in  consultation  and  collaboration 
with  several  different  colleagues.  The  neurons  to  be  studied  in  detail  are 
(1)  motorneurons  from  the  lobster  stomatogastric  ganglion  (anatomical  and 
electrophysiological  data  already  obtained  by  Dr.  John  Miller  at  UCSD;  now  a 
guest  worker  here),  (2)  mitral  and  granule  cells  of  turtle  olfactory  bulb 
(data  already  obtained  by  Prof.  Gordon  Shepherd  and  colleagues  at  Yale  Univ. 
Med.  Sch.)  and  (3)  motorneurons  of  cat  spinal  cord  (data  obtained  by  Dr.  Robert 
Burke  and  colleagues  in  Lab.  of  Neural  Control,  NINCDS).  The  computations 
make  use  of  a  large  electrical  network  modeling  program,  "SPICE"  which  runs 
on  the  IBM  370.  By  adapting  our  mathematical  model  to  this  program,  we  can 
specify  any  combination  of  electrical  membrane  properties  and  any  neuron 
geometry.  We  have  begun  to  investigate  the  attenuation  and  phase  shift  of 
sinusoidal  current  inputs  to  the  soma  of  a  model  neuron.  The  results  show  the 
same  trends  as  those  observed  experimentally  in  motorneurons  of  the  lobster 
stomatogastric  ganglion.  We  are  currently  investigating  the  effects  of 
including  more  or  less  detail  in  the  model  to  represent  the  known  details  of 
the  dendritic  branching  of  these  lobster  neurons.  Consultations  have  been 
carried  out  both  with  Prof.  Gordon  Shepherd  and  with  Dr.  Robert  Burke.  The 
overall  objective  of  these  studies  is  to  gain  and  test  specific  insights 
relevant  to  the  integrative  properties  of  dendritic  neurons  which  receive 
inputs  from  many  afferent  sources. 


Publ i cations: 

Rail,  W.:  Functional  aspects  of  neuronal  geometry,  in  Neurons  without 
Impulses.  Society  for  Experimental  Biology  Seminar  Series.  6  (Roberts, 
A.  and  Bush,  B.  M.  H.,  eds.),  Cambridge  Univ.  Press,  May  1981. 
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The  development  of  a  mathematical  model  to  describe  the  transport  of  oxygen 
in  solutions  of  hemoglobin  and  myoglobin  and  a  numerical  method  for  its  solution 
have  been  reported  previously.  The  chemical  kinetics  are  described  by  the  single 
step  reaction  P  +  X  ^  PX.  The  method  is  extended  to  take  into  account  the  coopera- 
tive properties  induced  by  the  four  step  reaction  (Adair)  of  the  hemoglobin-oxygen 
chemical  kinetics.  The  magnitude  of  the  facilitated  transport  of  oxygen  for  the 
model  that  includes  the  cooperative  properties  of  hemoglobin  is  compared  with  the 
one  for  the  model  associated  with  the  single  step  reaction.  Some  features  contained 
in  the  former  that  are  not  available  in  the  single  step  model  are  shown  to  favor 
the  facilitated  transport.  The  results  for  hemoglobin  as  it  occurs  in  the  red  cells 
make  it  plausible  that  facilitation  may  contribute  to  the  transport  of  oxygen  in  the 
red  cell  inside  the  systemic  capillaries.  A  manuscript  "Transport  of  Oxygen  in 
Solutions  of  Hemoglobin  and  Myoglobin"  is  appearing  in  Matk^mcuUcjzl  Kioi><iA.tnc<Ui. 

All  of  the  published  theoretical  studies  on  facilitated  transport  have  assumed 
homogeneous  spatial  properties.  In  the  striated  muscle  there  exist  membranes  that 
may  impede  the  diffusion  of  the  carrier  myoglobin.  A  theoretical  study  is  under- 
taken to  analyze  the  transport  in  the  presence  of  membranes  on  the  diffusion  path. 
The  numerical  method  above  has  been  extended  to  include  the  nonhomogeneous  spatial 
parameters  as  they  occur  in  the  striated  muscle.  For  the  numerical  computations 
the  values  of  the  parameters  were  chosen  to  comprise  those  of  physiological  rele- 
vance. The  numerical  results  indicate  that  the  presence  of  membranes  tends  to 
decrease  the  facilitation.  For  the  nonlinear  chemical  kinetics  of  oxygen  with 
the  carrier,  this  decrement  also  depends  on  the  location  of  the  membrane.  At  the 
higher  oxygen  concentration  side  of  the  membrane  the  flow  of  combined  oxygen  is 
transferred  to  the  flow  of  dissolved  oxygen.  The  reverse  process  occurs  at  the 
lower  concentration  side.  Jump  discontinuities  on  the  concentration  of  the  oxygen- 
carrier  compound  at  the  membranes  are  associated  with  these  transfers.  Let  a""  be 
absolute  value  of  the  jump  in  the  concentration  at  the  i-th  membrane.  It  has  shown 
that  the  facilitated  transport  can  be  represented  by 

Ff  -  \   [x^^(xO)  -  x^q(x^)  -  {aJ  .  W.    .   At)  .   A-,^}]  , 

where  D^  is  the  diffusion  coefficient  of  the  oxygen-carrier,  I   is  the  width  of  the 

slab,  +  represent  the  higher  oxygen  concentration  side  of  the  membrane,  -  represent 

the  lower  concentration  side,  n  is  the  number  of  membranes  and  x^{x-.),   X2'^(x-,)  are 

the  equilibrium  concentrations  of  oxygen-carrier  at  the  faces  of  the  slab.  One 
observes  from  this  expression  that  the  decrement  in  facilitation  depends  on  the 
cummulative  effect  of  the  jumps.  Let  a-  denote  the  boundary  layer  width  at  the 

t-th  membrane.  When  the  intermembrane  distance  is  larger  than  2a-,  it  was  shown 

that  a  relationship  exists  between  a\  the  total  flow  of  oxygen  and  the  slope  of 
the  oxygen  dissociation  curve.  These  relations  define  an  algebraic  system  whose 
solution  gives  the  facilitated  flow.  This  algebraic  system  enables  one  to  find 
the  facilitated  flow  directly  without  obtaining  the  profiles  of  concentration  of 
the  substrates. 

Publications : 

Gonzalez-Fernandez,  J.  M.  and  S.  E.  Atta:  Transport  of  oxygen  in  solutions  of 
hemoglobin  and  myoglobin.  Math.  Biosci.  54:265-290  (1981). 
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Gonzalez-Fernandez,  J.  M.  and  S.  E.  Atta:  Facilitated  transport  of  oxygen  in  the 
presence  of  membranes  on  the  diffusion  path.  Biophys.  J.,  (in  press). 
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SUMMARY   OF   WORK    (200   words   or   less   -   underline    keywords)     ThlS     prOJeCt    COntinUBS     tO    fOCUS    On    the 

formulation,  analysis,  and  biophysical  interpretation  of  mathematical  models  whic 

describe  various  aspects  of  neuroelectric  signaling  for  individual  neurons.  Among 

the  topics  of  current  interest  are: 

(i)  integration  of  synaptic  input  delivered  to  the  soma  and  dendritic  branches  o 

a  neuron;   (ii )  steady  propagation  of  action  potentials  along  axons; 

(iii)  stimulus-response  and  threshold  properties  for  repetitive-firing  of  action 

potentials. 

Mathematical  models  of  these  phenomena  involve  systems  of  linear  and  nonlinea 
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ordinary  differential  equations  and  parabolic  partial  differential  equations 
Solutions  and  their  mathematical  stability  are  determined  by  analytical  and 
numerical  methods.  One  aspect  in  the  approach  of  this  project  is  to  expose  the 
qualitative  mathematical  structure  for  classes  of  models  by  exploiting  simple, 
yet  reasonable,  equations.  Because  qualititatively  related  mathematical  probl 
arise  in  other  biological  and  chemical  contexts,  e.g.  chemical  and  biochemical 
oscillations ,  this  project  may  consider  models  from  such  applications. 
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1.  (With  W.  C.  Troy)  Various  oscillation  phenomena  of  the  Belousov-Zhabotinskii 
chemical  reaction  are  accounted  for  by  Field-Noyes  model  and  its  modifications.  By 
considering  simplified  two  or  three  variable  versions  of  the  mathematical  model  we 
analyze  solutions  which  represent  regular  oscillations  or  excitability  in  a  batch 
reactor  and  bursting  patterns  of  oscillations  in  a  flow  reactor.  To  understand 
bursting  we  view  certain  fixed  parameters  in  the  batch  model  as  slow  dynamic 
variables  in  the  flow  model.   In  one  case,  the  stoichiometric  parameter  f  slowly 
sweeps  back  and  forth  through  values  for  which  the  batch  model  has  both  a  stable 
steady  state  and  a  stable  limit  cycle.  This  hysteresis  mechanism  produces  bursts, 
i.e.  alternating  periods  of  oscillations  and  quiescence.  By  considering  a  range 

of  parameter  values  (e.g.  flow  rate)  we  explain  other  qualitatively  different 
bursting  phenomena  in  terms  of  the  simplified  models.  These  results  were  presented 
at  the  Field  Workshop  in  Mathematical  Biology  (Utah,  June,  1981).  A  manuscript  is 
now  in  final  preparation.  This  investigation  may  provide  insight  on  the  mechanism 
for  bursting  impulse  patterns  of  certain  nerve  membrane. 

2.  (With  A.  C.  Scott)  A  simple  kinematic  approximation  for  the  x-t  trajectories, 
and  speeds,  of  propagating  nerve  impulses  has  been  proposed  (R.  N.  Miller  and 

J.  Rinzel,  Biophys.  J.  34  (1981)  227-259).  By  using  the  Hodgkin-Huxley  model  as 
a  test  case  for  a  two-pulse  simulation,  we  are  comparing  this  procedure  with  other 
approximate  descriptions  in  the  literature.  The  mechanism  for  pulse-locking  (i.e., 
the  interval  between  successive  pulses  asymptotes  to  a  fixed  value  during  propaga- 
tion) in  the  latter  descriptions  appears  less  applicable.  Because  the  contrast  is 
not  overwhelming  for  this  parameter  set,  we  seek  other  parameters  and  corresponding 
experimental  conditions  to  enhance  the  phenomena  of  pulse  locking,  as  well  as, 
supernormal  condition  velocities. 

3.  Various  aspects  of  mathematical  modeling  in  cellular  neurobiology  were  reviewed 
and  presented  at  two  conferences:  1980  Summer  Seminar  on  Mathematical  Aspects  of 
Physiology  (Salt  Lake  City,  Utah)  and  NATO  Advanced  Study  Institute,  Nonlinear 
Phenomena  in  Physics  and  Biology  (Banff,  Canada).  A  paper,  to  be  published  for  each 
conference,  includes  some  recent  results  on  impulse  propagation  in  branching  axons, 
on  the  onset  of  repetitive  firing  as  a  bifurcation  phenomenon,  on  repetitive  burs- 
ting neurons  as  endogenous  oscillators,  and  on  bursting  patterns  induced  by  network 
coupl ing. 

4.  (With  D.  Terman)  We  previously  observed,  for  a  bistable  FitzHugh-Nagumo 
reaction-diffusion  system,  that  certain  transition-type  traveling  waves  may  be 
reflected  by  local  disturbances  and  others  may  not.   In  an  idealized  formulation  we 
treat  the  local  disturbance  as  a  specified  boundary  condition.  For  some  boundary 
conditions  we  demonstrate  analytically  the  existence  of  a  stationary  solution  which 
is  stable.   In  such  a  case,  we  predict  and  observe  numerically  that  one  kind  of  wave 
will  approach  this  stationary  solution  and  not  be  reflected.  We  conjecture  that, 
for  situations  which  lead  to  reflection,  either  there  is  no  stationary  solution  or 
the  existing  stationary  solution  is  unstable.  The  idealized  problem  has  direct 
application;  e.g.  for  behavior  of  a  semi-infinite  biochemical  medium  in  contact  with 
an  infinite  bath.  A  manuscript  has  been  submitted  to  SIAM  Journal  of  Applied  Mathe- 
matics. 

5.  (With  G.  B.  Ermentrout)  We  have  studied  dynamic  behavior  in  a  simple,  one- 
variable,  reaction-diffusion  model  for  the  cases  of  either  excitable  or  oscillatory 
reaction  kinetics  (G.  B.  Ermentrout  and  J.  Rinzel,  J.  Math.  Biology  1J_  (1981) 
269-294).  We  are  now  investigating  how  solutions  of  the  simple  phase  model  are 
useful  for  asymptotically  solving  certain,  more  complicated,  models.  For  example,  • 
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by  a  singular  perturbation  procedure,  we  obtain  spatially  uniform  oscillations  and 
their  period  for  a  parameter  near  its  critical  value  (infinite  period  case).  We 
also  consider  temporal  phase-locking  when  such  a  system  near  criticality  is  forced 
periodically. 

Publications : 

Guttman,  R.,  S.  Lewis,  and  J.  Rinzel :  Control  of  repetitive  firing  in  squid  axon 
membrane  as  a  model  for  a  neuron  oscillator.  J.  Physiol.  (Lond.),  305:377-395, 
1980. 

Ermentrout,  6.  B.  and  J.  Rinzel:  One-dimensional  A-lo  target  patterns:  empirical 
stability  tests.  J.  Math.  Biology  10:97-100,  1980. 

Ermentrout,  G.  B.  and  J.  Rinzel:  Waves  in  a  simple,  excitable  or  oscillatory, 
reaction-diffusion  model.  J.  Math.  Biology  11:269-294,  1981. 

Miller,  R.  N.  and  J.  Rinzel:  The  dependence  of  impulse  propagation  speed  on  firing 
frequency,  dispersion,  for  the  Hodgkin-Huxley  model.  Biophys.  J.  34:227-259,  1981. 

Keener,  J.  P.,  F.  C.  Hoppensteadt ,  and  J.  Rinzel:   Integrate-and-fire  models  of 
nerve  membrane  response  to  oscillatory  input.  SIAM  J.  Appl .  Math,  (in  press). 

Rinzel,  J.:  Models  in  neurobiology.   In  Mathematical  Aspects  of  Physiology  (ed., 
F.  C.  Hoppensteadt),  Vol.  19,  Lectures  in  Applied  Mathematics,  Amer.  Math.  Soc, 
Providence  (in  press). 

Rinzel,  J.:  Models  in  neurobiology.   In  Nonlinear  Phenomena  in  Physics  and  Biology 
(ed.,  R.  H.  Enns),  Plenum  (in  press). 
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SUMMARY    OF    WORK    (200    words    or    less    -    underline    keywords) 

This  project  focuses  on  the  formulation,  analysis,  and  interpretation  of 
mathematical  models  which  describe  biological  waves  and  oscil lations.  The 
main  topics  of  interest  are: 

(i)  neuronal  networks  and  their  application  to  the  understanding  of 
various  nonlinear  neuronal  phenomena  such  as  phosphenes ,  hallucinations,  and 
epilepsy; 

( i i )  excitable  and  oscillatory  systems  and  their  behavior  under  periodic 
forcing; 

( i i i )  general  theories  of  stationary,  homogeneous  media; 

(iv)  chains  of  oscillators  useful  in  modeling  intestinal  and  gastric  waves, 
Our  prime  objective  is  to  expose  the  qualitative  behavior  of  the  models  as  an 
explanation  for  observed  biological  patterns. 
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(1)  We  have  continued  to  investigate  the  properties  of  stationary,  homogeneous 
media.  These  systems  are  representative  of  a  large  class  of  biologically  inter- 
esting models.  The  properties  of  such  spatially  distributed  media  are  independent 
of  spatial  position  and  time.  With  the  use  of  group  theory  and  a  multiple  scale 
method,  we  are  able  to  classify  the  stable  small  amplitude  nonlinear  behavior  of 
these  systems.  In  particular,  we  reduce  a  possibly  infinite  dimensional  problem 
to  one  of  finite  dimensions  which  has  a  simple  parabolic  form: 

^^i     ^^-      ,   ,  ,   , 

— -  =   D  — -  +  1   f( \t    \     \z    \  ) 

The  analysis  of  this  system  is  straightforward  and  yields  insight- into  the  behavior 
of  the  full  biological  model.  In  a  series  of  three  papers  (in  final  preparation) 
we  have  deduced  each  of  several  qualitatively  distinct  behaviors:  propagating  wave- 
fronts,  bulk  oscillations,  periodic  wavetrains,  standing  waves,  and  standing  spatial 
patterns.  The  relevance  of  these  to  biological  systems  is  described. 

(2)  Analysis  of  neuronal  nets  in  a  variety  of  paradigms  has  lead  to  a  qualitative 
explanation  of  several  seemingly  diverse  phenomena.  We  have  used  a  simplified 
cortical  network  to  explain  the  striking  visual  patterns  obtained  when  deep  pressure 
is  applied  to  the  eyes  or  when  one  is  subjected  to  bright  flicker.  A  mathematical 
analysis  of  the  resultant  equations  on  an  infinite  planar  domain  leads  to  several 
testable  hypotheses.   In  particular,  it  is  shown  that  hysteresis  between  no  pattern 
and  hexagonal  mosaics  exists  as  well  as  hysteresis  between  mosaics  and  spiral 
patterns.  By  varying  the  frequency  or  intensity  of  the  flickering  light  one  can 
jump  from  one  pattern  to  the  next.  Our  approach  utilizes  perturbed  bifurcation 
theory  and  symmetry  arguments.  Numerical  evidence  is  used  to  further  strengthen 
our  arguments  away  from  the  quiet  of  patterning.  This  work  is  presently  being 
written  up  and  was  the  subject  of  a  talk  at  the  Field  Workshop  in  Mathematical 
Biology,  Salt  Lake  City,  Utah,  June,  1981. 

A  similar  neuronal  network  under  different  conditions  leads  to  rotating  patterns 
and  waves.  These  waves  are  qualitatively  identical  to  those  observed  in  multi- 
electrode  electrocorticograms.  The  methods  we  use  enable  us  to  predict  qualities 
such  as  velocity,  wave  number,  and  frequency.  This  work  is  in  preparation. 

(3)  (With  N.  Kopell)  A  multiscale  perturbation  method  is  used  to  reduce  a  system 
of  coupled  oscillators  to  N  scalar  equations  on  an  N-torus.  A  further  reduction 
allows  one  to  study  the  global  behavior  of  the  oscillators  by  examining  the  fixed 
points  of  an  (N-l)-torus.  With  techniques  developed  by  Kopell,  we  are  able  to 
demonstrate  the  existence  of  an  invariant  manifold  as  the  fixed  points  coalesce. 
The  geometry  of  this  system  allows  one  to  reinterpret  these  results  in  terms  of 
the  "average"  frequency  of  the  individual  oscillators.  By  applying  this  technique 
to  models  of  the  large  and  small  intestine,  we  are  able  to  quantitatively  predict 
the  position  and  depth  of  the  well  known  but  poorly  understood  frequency  plateaus 
experimentally  observed. 

(4)  A  method  of  multiple  scales  is  applied  to  weakly  two  coupled  oscillators  with 
widely  differing  frequencies  (but  nearly  rationally  related)  we  are  able  to  deter- 
mine conditions  for  phase  locking  of  various  patterns  (n:m)  as  well  as  the  ranges 
of  parameters  which  allow  this.  The  method  is  applied  to  A-co  systems,  forced 
oscillators,  and  integrate  and  fire  models.  The  results  will  appear  in  J.  Math. 
Biol.,  1981. 

(5)  A  system  which  has  a  "degenerate"  homoclinic  orbit  is  perturbed.  Such  systems 
are  interesting  since  they  can  be  either  excitable  or  oscillatory  depending  on  the 
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type  of  perturbation.  Given  a  system: 

(*)  u.  =  F{u), 

0 
we  say  (*)  has  a  degenerate  homoclinic  orbit  if  there  is  a  trajectory,  u  (t)  *  0 

which  satisfies: 

lim  u°(t)  =  0 
t-^±=° 

and  F(0)  =  0,  det  (DF(0))  =  0.  We  use  matched  asymptotic  expansions  and  singular 
perturbation  theory  to  construct  periodic  solutions  to  (S)  when  it  is  periodically 
perturbed.  We  deduce  an  equation: 

V,,  =  -vQ{t) 

where  v  is  a  scalar  and  Q(t)  is  periodic.  The  behavior  of  this  equation  completely 
describes  the  behavior  of  (*)  when  it  is  perturbed.  This  work  is  in  progress. 

(6)  (With  J.  Rinzel)  We  are  considering  the  effect  of  adding  diffusion  to  (*) 
with  regard  to  the  existence  of  traveling  waves.  The  work  is  as  yet  incomplete, 
but  some  promising  results  have  been  obtained. 

(7)  (With  B.  Bunow)  The  bifurcation  diagram  of  a  certain  bound  enzyme  system  has 
been  deduced  near  a  singular  point.  We  find  secondary  loops  and  other  phenomena 
which  were  observed  in  numerical  simulations.  Our  methods  are  analytic.  The 
results  are  being  prepared. 

Publications : 

Ermentrout,  G.  B.  and  Rinzel,  J.:  One  dimensional  X-uj   target  patterns:  empirical 
stability  tests.  J.  Math.  Biol.  10:97-100  (1980). 

Ermentrout,  G.  B.:  Stable  small  amplitude  solutions  in  reaction-diffusion  systems. 
Quart.  Appl.  Math.  :  61-86,  (1981). 

Ermentrout,  G.  B.  and  Rinzel,  J.:  Waves  in  a  simple  excitable  or  oscillatory, 
reaction-diffusion  model.  J.  Math.  Biol.  11:269-294  (1981). 

Ermentrout,  G.  B.:  n:m  phase-locking  in  weakly  coupled  oscillators.  J.  Math. 
Biol .  (in  press). 
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Annual  Report  of  the  Arthritis  and  Rheumatism  Branch 
National  Institute  of  Arthritis,  Diabetes,  Digestive  and  Kidney  Diseases 

The  Branch  program  has  involved  studies  ranging  from  the  molecular  level  through 
animal  model  work  to  clinical  studies  of  systemic  lupus  erythematosus  and  rheuma- 
toid arthritis. 

The  work  on  IgE  receptors  of  mast  cells,  considered  a  model  of  cell-stimulation 
upon  contact  with  antigen-antibody  complexes,  has  progressed  with  the  identifi- 
cation of  two  subunits  of  the  a  chain.  The  aj  chain  is  somewhat  larger  and 
incorporates  carbohydrates;  the  ao  chain  is  impficated  as  the  actual  combining 
site  for  IgE.  The  existence  of  the  two  subunit  tends  to  confirm  the  remarkable 
finding  by  radiation  inactivation  target  analysis  that  the  binding  site  is  smaller 
than  the  mass  of  the  entire  a  chain.  The  a  chain  may  be  anchored  to  the  membrane 
via  the  3  chain;  hydrophobic  domains  of  the  latter  are  being  sought. 

Progress  has  also  been  made  by  incorporating  the  receptors  and  their  complexes  in 
artificial  phospholipid  liposomes;  in  studies  of  receptor  phosphorylation  upon 
stimulation  of  the  receptor;  and  in  analyses  of  changes  in  the  IgE  itself  upon 
complexing  with  the  receptor  (25). 

The  internalization  of  Igs  after  interacting  with  cell  membrane  receptor  was  found 
to  be  driven  by  the  receptor  rather  than  by  the  nature  or  degree  of  polymerization 
of  the  Ig.  The  process  occurred  equally  in  cell  lines  differing  in  histamine 
exocytosis  upon  internalization.  Specific  antibodies  were  used  to  demonstrate 
that  receptors  for  IgE  and  for  IgG  are  antigenically  distinct  molecules.  Work  in 
progress  with  membrane  vesicles  prepared  from  rat  basophilic  leukemia  cell  sug- 
gests unexpectedly  that  the  IgE  receptor  is  not  a  transmembrane  protein  (51). 

Previous  fundamental  work  with  model,  covalently  linked  antigen-antibody 
complexes  permitted  the  extension  of  the  method  to  a  large,  soluble,  antigen,  the 
carbohydrate  polymer  Ficoll.  Anti-dinitrophenol  antibodies  form  complexes  with 
dinitrophenol  derrivatized  Ficoll.  The  Ficoll  backbone  was  further  modified  by 
the  addition  of  particular  monosaccharides.  It  was  demonstrated  that  galactose  or 
mannose  derivatized  Ficoll  in  antigen-antibody  complex  was  able  to  bind  to  hepato- 
cyte  galactose  receptors  or  liver  endothelial  and  Kupffer  cell  mannose  receptors, 
respectively,  in  addition  to  their  binding  via  the  antibody  immunoglobulin  mole- 
cule (18).  The  investigators  received  the  1981  French  Rheumatological  Society 
Prize  for  this  work. 

Attention  continues  to  be  focussed  on  the  spontaneous  diseases  developed  by 
various  strains  of  inbred  mice,  the  New  Zealand  series,  MRL/1  and  BXSB  together 
with  various  backcrosses  to  other  strains  such  as  CBA/N  and  BALB/C.  The  work  with 
recombinants  makes  it  clear  that  there  is  no  "autoimmune  gene."  The  full 
expression  of  the  disease  of  NZB  mice  requires  at  least  six  separate  genes.  An  X- 
1  inked  defect  of  T-independent  immune  responsiveness  of  CBA/N  has  been  bred  into 
NZB  mice  where  the  defect  is  full  expressed  although  90%  of  the  genetic  material 
is  NZB;  such  animals  fail  to  develope  anti-DNA  antibodies  and  live  a  normal  life 
span  (20). 
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Sex  hormones,  given  early  in  animal  life,  have  major  effects  on  outcome  not  seen 
if  given  later.  Their  effect  may  well  be  in  modulating  maturational  events  in  the 
immune  system  which  in  turn  controls  the  potential  for  autoimmunity  (21). 

Environmental  factors  also  play  a  role.  Sendai  virus  infection  markedly  alters 
NZB  disease  and  sex  hormone  responsiveness.  The  injection  of  polyclonal  B  cell 
activators  can  induce  rapidly  progressive  autoimmune  disease  and  death  even  in 
strains  not  destined  to  develope  autoimmune  disease.  The  same  activators,  poly 
rl'rL,  for  example,  induce  amyloidosis  even  in  those  with  the  X-linked  defect 
mentioned  earlier  (20). 

Hybridoma  technology  has  been  successful  in  producing  anti-DNA  and  anti-anti-DNA 
antibodies.  The  hybridoma  cells  show  remarkably  different  growth  rates  with 
various  host  strains  of  mice  (21). 

Treatment  of  the  mouse  diseases  has  been  further  examined.  MRL/1  mouse  disease 
was  greatly  alleviated  producing  increased  survival  by  neonatal  thymectomy.  With 
workers  in  Boston,  a  diet  high  in  fish  oil  was  found  greatly  to  prolong  life  in 
NZB/W  mice;  the  effect  is  believed  to  be  through  the  arachidonic  acid  - 
prostaglandin  pathway  (22). 

Another  animal  model,  chronic  erosive  arthritis  induced  in  rats  by  single  intra- 
peritoneal injections  of  Group  A  streptoccocal  cell  walls,  has  been  shown  histo- 
logically and  radiographically  closely  to  mimic  rheumatoid  arthritis.  The  dif- 
ferential susceptibility  to  the  arthritis  of  15  strains  of  inbred  rats  may  relate 
to  macrophage  function.  In  resistant  strains  the  macrophages  appear  to  suppress 
lymphoproliferative  responses  over  prolonged  periods  whereas  in  the  susceptible, 
after  a  lag  oeriod,  the  macroohages,  perhaps  abetted  by  T  cells,  can  be  shown  to 
enhance  lymphoprol iferation  (48). 

Further  insight  into  pathogenetic  mechanisms  of  human  SLE  has  resulted  from 
identifying  circulating  T-cell  subsets  with  monoclonal  antibodies  and 
fluorescence  cell  sorting.  The  ratio  of  suppressor  cells  to  helper  cells,  varying 
in  large  part  through  changes  in  numbers  of  the  latter,  appears  to  be  related  to 
disease  type  as  well  as  disease  activity.  Patients  with  high  suppressor :helper 
ratios  had  early  onset  disease,  renal  involvement  and  thrombocytopenia.  Those 
with  lower  ratios  often  had  myositis,  Raynaud's  phenomenon  and  the  sicca  syndrome 
(23).  Intensive  analysis  of  outcome  as  related  to  histopathology  of  the  kidneys 
in  nephritic  SLE  patients  continues  (38).  Findings  relating  to  the  relationship 
of  spontaneously  activated  B-cells  and  disease  activity  in  SLE  were  reported  (52). 

In  the  studies  of  management  of  SLE,  two  major  milestones  were  passed.  Entry  of 
patients  with  nephritis  into  the  PACIV  study  was  stopped  although  followup  and 
reporting  of  the  results  both  of  that  study  and  the  even  earlier  CAP  study  will 
continue  (00  &  40).  Based  upon  the  findings  of  those  studies,  the  results  of 
others  using  bolus  steroid  programs,  and  some  pilot  studies  of  our  own,  a  new 
program  was  begun  (56).  It  calls  for  randomizing  patients  to  monthly  steroid 
bolus  or  to  monthly  intravenous  cyclophosphamide  bolus,  the  latter  representing 
an  accelerated  form  of  a  program  previously  used.  The  overall  approach  represents 
a  shift  toward  intermittent  rather  than  continuous  treatment,  intensive  with  very 
active  disease  and  sharp  reductions  of  medication  intake  during  inactive  phases. 
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The  second  major  accomplishment  was  the  completion  of  the  only  fully  controlled 
study  of  plasmapheresis  ever  conducted  for  SLE  (55).  Patients  with  relatively 
mild  disease  were  randomized  to  and  received  either  bonafide  plasmapheresis  (12 
liters  weekly)  or  a  sham  procedure  for  a  two  week  period.  The  results  showed 
sharp  reductions  in  immune  complexes  and  Ig  concentrations  in  those  receiving 
bonafide  treatment.  Both  groups  improved  clinically  with  equal  rapidity.  The 
results  considerably  disturbed  the  concept  that  all  symptoms  and  findings  in  SLE 
are  directly  related  to  the  deposition  of  immune  complexes. 

The  ARB  continued  to  act  as  one  of  the  cooperating  clinics  in  national  studies 
comparing  several  modes  of  therapy  for  rheumatoid  arthritis  (49  &  50).  Pulse 
intravenous  methylprednisolone  therapy  has  also  been  assessed  and  found  bene- 
ficial; pharmacologic  studies  of  single,  large  oral  doses  are  now  being  evaluated 
with  the  thought  that  the  same  good  benefit/risk  ratio  may  be  achieved  without  the 
technical  limitation  of  parenteral  therapy  (53). 

Lymphapheresis  as  a  treatment  mode  for  RA  has  been  further  studied  using  a  two 
week,  six  treatment  schedule.  There  are  striking  divergences  in  clinical  response 
-  a  small  proportion  of  active  patients  achieving  early  and  persistent  benefit  and 
a  larger  group  manifesting  limited  or  no  improvement.  The  good  responders  begin 
treatment  with  a  greatly  elevated  and  abnormal  number  of  la-bearing  T-cells, 
respond  poorly  to  skin  test  antigens,  and  have  virtually  no  vn  vitro  lympho- 
prol iferative  response  to  soluble  antigens;  all  three  of  these  detected 
abnormalities  return  rather  dramatically  toward  normal  with  the  first  one  or  two 
lymphapheretic  treatments.  The  findings  d.re  pushing  us  toward  a  more  in  depth 
study  of  lymphocyte  and  monocyte  trafficking  in  RA  (54). 
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Project  Description: 

Objectives: 

Two  ten  week  studies  by  our  Branch  suggested  that  cyclophosphamide  was 
effective  in  the  treatment  of  lupus  nephritis  and  that  azathioprine  was 
less  effective.  A  long-term  study  of  these  patients  is  being  carried 
out  to  determine  whether  or  not  one  therapeutic  program  is  superior  over 
the  course  of  several  years. 

Methods  Employed: 

Patients  meeting  predefined  criteria  for  diagnosis  of  SLE  and  activity 
of  nephritis  have  been  admitted  to  the  trial.  In  a  baseline  control 
period,  the  patients  were  kept  on  the  anti-inflammatory  regimen 
(usually  prednisone  and  aspirin)  needed  to  control  extra-renal  mani- 
festations. These  have  been  continued  with  as  little  change  as  pos- 
sible. 

A  large  number  of  serological,  chemical  and  urine  values  are  serially 
obtained  and  the  patients  will  be  followed  for  life.  Immunoglobulin 
levels,  anti-DNA  antibodies,  and  serum  complement  are  among  those 
measures.  We  will  determine  time  to  death  or  renal  dialysis  in  each 
treatment  program  and  assess  the  toxicity  as  well  as  efficacy  of  each 
program. 

Major  Findings: 

The  first  patient  was  admitted  to  this  trial  in  April  1970  and  the  38th 
and  last  in  October  1972. 

After  courses  ranging  up  to  7  years  duration,  we  were  unable  to  detect 
an  advantage  conferred  by  cyclophosphamide  or  azathioprine  to  cortico- 
steroids alone.  Furthermore,  we  were  increasingly  impressed  with  the 
untoward  effects  of  cyclophosphamide,  particularly  hemorrhagic  cystitis 
and  carcinoma  of  the  bladder.  In  contrast,  azathioprine  appeared  quite 
safe. 

Accordingly,  in  March  1979  a  plan  was  developed  for  the  discontinuation 
of  these  cytotoxic  drugs  and  the  intensive  observation  of  study 
patients  during  the  period  following  withdrawal.  All  patients  were 
withdrawn  from  either  cyclophosphamide  or  azathioprine  by  December 
1979.  No  obvious  exacerbations  of  SLE  were  detected  as  result  of  drug 
withdrawal.  A  final  report  of  the  entire  study  and  the  withdrawal 
effects  is  in  preparation. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

This  work  has  already  had  wide  medical  impact.  The  project  should  allow  us 
to  draw  conclusions  in  reference  to  the  long-term  hazards  of  drug  admin- 
istration and  withdrawal. 
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SUMMARY    OF    WORK    (200    words    or    less    -    underline    keywords) 

Three  major  aspects  of  immune  complex  biology  have  been  been  studied.  First, 
the  ability  of  the  mouse  liver  to  handle  infused  complexes  v^as  studied,  using 
site-specifically  cross-linked  model  complexes.  The  receptors  for  complexes 
on  Kupffer  cells  were  found  to  be  specific  for  the  immunoglobulin  molecule 
and  not  other  aggregated  proteins  removed  by  the  same  cells.  Furthermore, 
NZB/W  mice,  with  murine  lupus,  show  an  impaired  ability  to  injest  complexes 
after  they  are  bound  to  Kupffer  cells.  Second,  the  influence  of  antigen  or 
the  handling  of  complexes  has  been  studied  using  pairs  of  glycoprotein 
antigens  differing  only  in  their  carbohydrate  side  chains  but  reacting  with 
the  same  antibodies  to  form  complexes.  Desialylated  glycoproteins  carry 
complexes  to  hepatocytes,  whereas  complexes  with  the  intact  protein  go  to 
Kupffer  cells.  Third,  the  influence  of  monosaccharides  substituted  onto  the 
Ficoll  backbone  of  another  group  site-specifically  cross-linking  antigens 
has  been  studied.  Galactose  substitution  on  the  antigen  carries  the  stable 
complexes  to  hepatocytes,  whereas  mannose  brings  them  to  Kupffer  cells. 
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Project  Description: 

Objectives: 

To  study  the  role  of  the  configuration  of  immune  complexes  in  de- 
termining their  pathogenetic  properties. 

Methods  Employed: 

Model  complexes  were  made  using  a  family  of  bivalent  or  multivalent 
affinity-labelling  antigens.  Immune  complex  handling  was  studied  by  in 
vivo  injection  or  portal  vein  infusion  of  complexes.  Kupffer  and  hepat- 
ocyte  separation  were  carried  out  by  enzymatic  digestion  of  the  liver. 

Major  Findings: 

1.  There  are  immunoglobul in-specific  receptors  on  mouse  Kupffer 
cells, 

2.  The  behavior  of  these  receptors  is  abnormal  in  murine  lupus. 

3.  The  nature  of  the  antigen  in  experimental  immune  complexes  has  a 
profound  influence  on  the  biological  fate  of  those  complexes  in 
the  animal. 

Significance  to  Bio-Medical  Research  and  the  Prooram  of  the  Institute: 

The  results  support  the  possibility  that  the  homing  of  antigen-antibody 
complexes  to  cells  or  tissues  possessing  receptors  which  recognize  the 
antigen  may  contribute  to  the  abnormal  localization  of  complexes  outside  the 
reticuloendothelial  system;  such  abnormal  localization  is  a  major  feature  of 
many  inflammatory  illnesses. 

Proposed  Course: 

Alternate  substitutions  on  the  antigenic  backbone  will  be  assessed  in 
reference  to  their  ability  to  modify  disposition  of  the  antigen- 
antibody  complexes. 

Publ ications: 

1.  Finbloom,D.S.,  Magilavy,  D.B. .  Harford,  J.B.,  Rifai,  A.,  Plotz, 
P.H:  The  influence  of  antigen  on  immune  complex  behavior  in  mice. 
J.  Clin.  Inv.  In  press,  l"981. 
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SUMMARY   OF   WORK    (200   words   or   less   -   underline    keywords) 

Autoimmunity  in  New  Zealand  mice  has  a  genetic  and  immune  basis;  however, 
expression  of  severity  can  be  modified  by  viral  and  other  environmental  factors 
as  well  as  sex  hormones .   The  immunologic  factors  are  complex.   These  include 
excessive  B-cell  activation  and  abnormal  T  cell  function.   Excessive  B-cell 
activation  can  be  modified  by  introducing  the  X  chromosome  of  a  CBA/N  mouse 
into  the  NZB  autoimmune  background.   The  CBA/N  X  chromosome,  which  codes  for 
defects  in  B-cell  maturation  (xid) ,  causes  a  reduction  in  autoimmunity  in  F^ 
mice,  and  in  congenic  mice.   The  B  cell  subset  absent  in  CBA/N  mice  is  that 
which  is  hyperactive  in  NZB  mice.   In  contrast,  MRL/1  mice  produce  autoanti- 
bodies via  a  different  B  cell  subset.   Administration  of  polyclonal  B-cell 
activators  (poly  rl'rC  and  LPS)  bypasses  the  xid  in  NZB  hybrids  and  congenic 
mice  in  that  other  subsets  of  B  cells  are  stimulated  to  produce  autoantibodies. 
BXSB  mice  have  a  Y  chromosome-linked  gene  which  accelerates  autoimmunity  in 
autoimmune  mice,  but  does  not  cause  it  in  non-autoimmune  mice. 
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Project  Description: 

Objective: 

New  Zealand  mice  spontaneously  develop  an  autoimmune  disease  resembling 
human  systemic  lupus  erythematosus.   Early  in  life  they  are  immunologically 
hyperactive,  become  relatively  resistant  to  tolerance  induction,  and  gradually 
develop  antinuclear  and  other  autoantibodies  followed  by  clinical  disease. 
Both  humoral  and  cellular  immune  defects  have  been  reported  and  are  under 
active  investigation.   In  addition,  the  bases  for  the  differences  in  disease 
expression  in  New  Zealand  mice  are  being  explored.   Recently  developed 
MRL/MP-lpr/lpr  (MRL/1)  and  BSXB  mice  which  develop  SLE  are  also  being  studied. 

Methods  Employed: 

14  3 

1.  Assays  for  antibodies  to  RNA  and  DNA  using   C-labeled  or  H-labeled 

nucleic  acids  as  ligands  and  the  ammonium  sulfate  precipitation 
assay.   Assay  of  antibody  forming  cells  to  sheep  erythrocytes  and 
pneumococcal  polysaccharide  by  local  hemolysis  in  gel. 

2.  Immunization  of  animals  with  a  variety  of  antigens  with  and  without 
protein  carriers  or  adjuvants. 

3.  Assay  of  antibodies  to  erythrocytes  by  passive  hemagglutination. 

4.  Assay  of  antibodies  to  DNP-Ficoll  by  passive  hemagglutination  with 
TNP  conjugated  OX  erythrocytes. 

5.  Assay  of  antibodies  to  bovine  gamma  globulin  by  solid  phase  radio- 
immunoassay . 

6.  Assay  of  IgM  and  total  anti-DNA  and  anti-RNA  by  solid  phase  radio- 
immunoassay. 

7.  Assay  of  anti-idiotype  antibodies  to  anti-rl-rC  and  anti-DNP 
Ficoll  by  solid  phase  radioimmunoassay. 

8.  Neonatal  thymectomy  by  midline  incision  and  a  suction  catheter. 

9.  Transfer  of  spleen,  bone  marrow  and  thymus  cells  into  recipients  to 
evaluate  the  functional  properties  of  the  different  cell  types. 

10.  btudy  of  the  graft  versus  host  disease  inducing  properties  of  NZB 
lymphoid  cells  using  the  Simonsen  spleen  weight  assay  and  newborn 
SWISS  mice  as  recipients. 

11.  Separation  of  lymphoid  cells  functionally  (corticosteroid,  anti-T 
cell  sera,  PNA)  and  physically  (sedimentation). 

12.  Assay  of  anti-T  cell  antibodies  by  release  of    Cr  from  thymocytes. 

13.  Evaluation  of  subpopulations  of  T-cells  using  the  fluorescence 
activated  cell  sorter. 
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14.  Castration  of  male  and  female  mice  at  various  ages  and  treatment 
with  sex  hormones  by  either  injection  of  implantation  of  silastic 
tubes  containing  crystaline  hormones. 

15.  Immunization  of  mice  with  H-2  incompatible  and  H-2  compatible  cells 
and  studying  J^  vitro  regulation  of  T-cell  function:   proliferation 
in  response  to,  and  killing  of,  the  H-2  iiicompatible  cells  as  well 
as  killing  of  additional  target  cells.   These  studies  include  time 
course  of  responsiveness  and  kinetics  of  killing  during  the  early 
phase  of  the  4-hour  cytotoxicity  assay  (using   Cr- labeled  targets). 

Major  findings: 

1.  NZB  mice  and  their  F  hybrids  produce  excessive  polyclonal  IgM  and 
autoantibodies  of  both  IgM  and  IgG  classes.   CBA/N  mice  and  CBA/N 
mothered  F  males  fail  to  make  antibody  to  many  T-independent  anti- 
gens and  have  low  levels  of  serum  IgM;  further,  these  mice  lack  a 
population  of  splenic  B-cells  characterized  by  a  low-to-intermediate 
density  of  surface  IgM.   The  CBA/N  X-linked  defect  of  T-independent 
immune  response  is  completely  expressed  in  NZB. CBA/N  congenic  mice. 
These  are  >90%  NZB  but  all  X-chromosomes  are  from  CBA/N  mice.   Such 
CBA/N  X-chromosome  bearing  NZB  mice  fail  to  make  anti-DNA,  anti  T 
cell  antibodies,  and  anti-RBC  antibodies.   They  live  a  normal  life 
span.   In  contrast,  MRL/1  mice  bearing  the  CBA/N  X-chromosome  make 
anti-DNA. 

2.  NZB. CBA/N  congenic  mice,  which  do  not  have  autoantibodies  and  which 
do  not  get  sick,  manifest  the  T  cell  defects  seen  in  NZB  mice.   This 
result  suggests  that  the  T  cell  defects  do  not  result  from  the  B  cell 
hyperactivity. 

3.  Androgens  promote  tolerance  in  reconstituted  (NZB  x  DBA/2)  F  mice. 

4.  Thymocyte  subpopulations  are  modified  by  sex  hormones.   Neonatal 
androgens  lead  to  a  resistance  to  the  effects  of  estrogens  administer- 
ed after  two  weeks  of  age. 

5.  NZO  mice  develop  features  of  both  systemic  lupus  and  diabetes 
mellitus. 

6.  Sendai  virus  markedly  alters  both  the  natural  history  of  NZB  mice  and 
their  responses  to  sex  hormones.   A  variety  of  environmental  factors 
are  capable  of  altering  the  natural  history  of  autoimmune  mice. 

7.  Mice  not  destined  to  develop  overt  clinical  autoimmune  disease 
develop  rapidly  progressive  autoimmune  disease  and  premature  death 
when  administered  polyclonal  B  cell  activators. 

8.  Polyclonal  B-cell  activators  induce  amyloidosis.   This  occurs  In  mice 
bearing  CBA/N  X-chromosomes  indicating  that  the  B-cell  subset  con- 
trolled by  xid  is  not  necessary  for  amyloid  production. 
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9.  Analysis  of  recombinant  inbred  mice  produced  by  mating  NZB  with  non- 
autoimmune  mice  indicates  that  in  NZB  mice  there  is  no  "autoimmunity 
gene",  rather,  the  full  expression  of  illness  requires  at  least  six 
separate  genes.   However,  the  presence  of  fewer  genes  allows  for  the 
expression  of  milder  degrees  of  autoimmunity. 

10.  Anti-antibodies  are  produced  during  a  normal  primary  immune  response. 
Such  antibodies  play  a  role  in  immune  regulation;  however,  antibody 

is  quantitatively  more  important  than  anti-antibody  in  such  regulation. 

Proposed  Course: 

The  role  of  genetic  factors  will  be  further  investigated.   This  will 
include  further  study  of  congenic  and  recombinant  inbred  lines.   The  availability 
of  athymic  nude  mice  will  allow  us  to  study  lack  of  thymic  function  in  different 
strains  with  and  without  superinfection  with  different  viruses  or  immunization 
with  nucleic  acid  antigens.   We  hope  thereby  to  define  the  relative  contributions 
of  genetic  and  different  immunologic  factors  in  the  development  of  autoimmunity. 
The  role  of  anti-idiotypic  antibodies  and  antibody  itself  in  control  of  antibody 
and  autoantibody  production  will  be  investigated  further  in  autoimmune  mice. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

1.  The  genetic  basis  for  autoimmunity  is  becoming  much  better  established. 
The  studies  of  B-cell  defective  mice  point  to  potential  genetic 
manipulations . 

2.  Study  of  autoimmune  mice  indicates  that  there  are  different  cellular 
bases  for  SLE.   This  may  lead  to  different  treatment  for  different 
patients  in  the  future. 

3.  Environmental  agents  can  trigger  SLE  in  susceptible  individuals  that 
would  othen^7ise  not  get  it. 

Publications : 

1.   Taurog,  J.D.,  Smathers,  P. A.,  Steinberg,  A.D. :   Evidence  for  abnormalities 
in  separate  lymphocyte  populations  in  NZB  mice.   J.  Immunol.  125:485-490, 
1980. 

2.  Steinberg,  A.D.,  Roths,  J.B.,  Murphy,  E.D.,  Steinberg,  R.T.,  Raveche,  E.S.: 
Effects  of  thymectomy  or  androgen  administration  upon  the  autoimmune 
disease  of  MRL/Mp-lpr/lpr  mice,   J.  Immunol.  125:871-873,  1980. 

3.  Glimcher,  L.H.,  Steinberg,  A.D.,  House,  S.B.,  Green,  I.:   The  autologous 
mixed  lymphocyte  reaction  in  strains  of  mice  with  autoimmune  disease.   J. 
Immunol.  125:1832-1838,  1980. 

4.  Huston,  D.P.,  Steinberg,  A.D. :   Kinetic  analysis  of  NZB  cytotoxic  lymphocyte 
responses.   J.  Exp.  Med.  152:748-753,  1980. 
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5.  Steinberg,  A.D. :   "The  balance  between  helper  and  suppressor  factors." 
In,  Strategies  of  Immune  Regulation,  Sercarz,  E.E.,  and  Cunningham, 
A.J.  (Eds.).   Academic  Press,  New  York,  1980,  p.  377. 

6.  Steinberg,  A.D.:   "Autoimmunity."  In,  Strategies  of  Immune  Regulation, 
Sercarz,  E.E.,  and  Cunningham,  A.J.  (Eds.).  Academic  Press,  New  York,  1980, 
p. 503. 

7.  Steinberg,  A.D,,  Smathers,  P. A.,  Boegel,  W.A. :   Effects  of  sex  hormones  on 
autoantibody  production  by  NZB  mice,  and  modification  by  environmental 
factors.   Clin.  Immunol.  Immunopathol.  17:562-572,  1980. 

8.  Melez,  K.A. ,  Harrison,  L.C.,  Gilliam,  J.N.,  Steinberg,  A.D.:   Autoimmunity 
in  the  NZO  (New  Zealand  Obese)  mouse.   Diabetes  29:835-840,  1980. 

9.  Steinberg,  A.D. ,  Taurog,  J.E. ,  Cowdery,  J.S.,  Jr.,  Huston,  D.P.,  Smathers, 
P. A.,  Reeves,  J. P.,  Hansen,  C.T.,  Raveche,  E.S.:   "Cellular  basis  of  SLE." 
In,  Immunoregulation  and  Autoimmunity.   International  Symposium  on  Auto- 
immunity.  Edited  by  R.  Krakauer  and  M.  Cathcart.   Elsevier-North  Holland 
Publishers,  New  York,  1980,  pp.  193-207. 

10.  Cowdery,  J.S.,  Jr.,  Taurog,  J.D.,  Steinberg,  A.D.:   Effect  of  CBA/N  xid  on 
spontaneous  production  of  antibodies  to  DNA  in  MRL/1  and  NZB  backcross 
mice.   Scandinavian  J.  Immunol.  12:499-502,  1980. 

11.  Steinberg,  A.D. ,  Huston,  D.P.,  Taurog,  J.D.  Cowdery,  J.S.,  Raveche,  E.S.: 
The  cellular  and  genetic  basis  of  murine  lupus.   Immunological  Reviews 
55:121-154,  1981. 
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Project  Description: 

Objectives: 

Study  the  characteristics  of  a  variety  of  antinuclear  antibodies  in  human 
and  murine  "autoimmune  diseases."   Determine  genetic  contributions  to  the 
immune  response  to  nucleic  acid  and  related  antigens. 

Methods  Employed: 

Farr  ammonium  sulfate  precipitation  assay  using  radiolabeled  ligands . 
Standard  precipitin  reaction  using  labeled  and  unlabeled  nucleic  acids  or 
nuclear  extracts.   Hemagglutination,  complement  fixation  and  immunodiffusion 
assays.   Standard  immunization  procedures.   Solid  phase  radioimmunoassay  using 
labelled  antibodies  to  mouse  immunoglobulin  or  classes  of  immunoglobulins. 
Standard  hybridoma  technology. 

Major  Findings: 

1.  Genetic  studies  of  NZB  x  DBA  F  and  backcross  mice  indicate  that  a 
single  gene  locus  (expressing  itself  in  a  gene  dosage  fashion)  plays  the  major 
role  in  controlling  production  of  anti-DNA. 

2.  Analysis  of  27  recombinant  inbred  lines  points  to  a  single  NZB  gene, 
independent  of  the  gene  for  anti-T  cell  antibodies,  which  is  responsible  for 
anti-DNA.   This  trait  was  found  in  about  half  of  the  lines. 

3.  J  astration  of  male  NZB  x  DBA  or  DBA  x  NZB  mice  led  to  accelerated 
anti-DNA  production,  both  following  immunization  and  spontaneously.   This  was 
suppressed  by  testosterone  and  further  accelerated  by  estradiol.   Castration  of 
3  week  old  NZB/NZW  males  accelerates  anti-DNA  production;  castration  at  3 
months  does  not.   Testosterone  treatment  of  3  week  NZB/NZW  females  retards 
anti-DNA  production;  treatment  at  3  months  suppresses  antibodies  to  ssDNA,  but 
not  antibodies  to  native  DNA. 

4.  NZO  mice  develop  both  anti-DNA  antibodies  and  diabetes. 

5.  Hybridomas  produced  by  fusion  of  BALB/c-derived  myeloma  cells  (non- 
producers)  with  NZB  X  NZW  F   spleen  cells  produce  antibodies  to  nucleic  acids 
in  vitro  and  when  transferred  to  NZB  x  NZW  F   recipients.   Such  hybridomas  show 
preferential  growth  in  different  strains  and  preferential  production  of  anti- 
nucleic  acid  antibodies  with  certain  specificities. 

6.  Antibodies  have  been  produced  to  the  anti-DNA  of  (NZB  x  NZW)  F^  and 
MRL/Mp-lpr/lpr  mice. 

7.  The  growth  of  hybridomas  producing  anti-DNA  has  unusual  strain 
specificity. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Male  sex  hormones  appear  to  suppress  auto-antibody  production  explaining 
the  more  severe  disease  and  greater  incidence  in  females.  This  effect  occurs 
primarily  very  early  in  life;  it  suggests  that  hormones  modulate  a  maturational 
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event  in  the  inunune  system  which  in  turn  regulates  autoimmune  potential.   Genes 
for  high  and  low  responsiveness  to  DNA  may  be  one  of  the  genetic  contributions 
of  autoimmunity  in  SLE. 

Proposed  Course: 

Further  define  the  genetics  of  the  antibody  response  to  DNA  and  try  to 
correlate  with  other  immune  abnormalities.   Further  study  the  characteristics 
of  antinuclear  antibodies.   Continue  to  evaluate  the  role  of  sex  hormones  in 
autoimmunity.   Compare  antinuclear  antibodies  of  patients  with  different 
autoimmune  diseases.   Further  study  subpopulations  of  patients  with  a  high 
incidence  of  autoimmunity.   Define  the  role  of  anti-idiotype  antibodies  in  the 
regulation  of  anti-DNA  production. 

Publications: 


1.  Taurog,  J.D.,  Smathers,  P.A. ,  Steinberg,  A.D.:   Evidence  for  abnormalities 
in  separate  lymphocyte  populations  in  NZB  mice.   J.  Immunol.  125:485-490, 
1980. 

2.  Steinberg,  A.D. ,  Roths,  J.B.,  Murphy,  E.D.,  Steinberg,  R.T.,  Raveche, 
E.S.:   Effects  of  thymectomy  or  androgen  administration  upon  the  autoimmune 
disease  of  MRL/Mp-lpr/lpr  mice.   J.  Immunol.  125:871-873,  1980. 

3.  Blaese,  R.M. ,  Grayson,  J.,  Steinberg,  A.D.:   Elevated  immunoglobulin 
secreting  cells  in  the  blood  of  patients  with  active  systemic  lupus 
erythematosus:   correlation  of  laboratory  and  clinical  assessment  of 
disease  activity.   Am.  J.  Med.  69:345-350,  1980. 

4.  Steinberg,  A.D. ,  Smathers,  P.A.,  Boegel,  W.A. :   Effects  of  sex  hormones  on 
autoantibody  production  by  NZB  mice,  and  modification  by  environmental 
factors.   Clin.  Immunol.  Immunspathol.  17:562-572,  1980. 

5.  Melez,  K.A. ,  Harrison,  L.C.,  Gilliam,  J.N.,  Steinberg,  A.D.:   Autoimmunity 
in  the  NZO  (New  Zealand  Obese)  mouse.   Diabetes  29:835-840,  1980. 

6.  Steinberg,  A.D. ,  Taurog,  J.D.,  Cowdery,  J.S.,  Jr.,  Huston,  D.P., 
Smathers,  P.A.,  Reeves,  J. P.,  Hansen,  C.T.,  Raveche,  E.S.:   "Cellular  basis 
of  SLE."   In,  Immunoregulation  and  Autoimmunity.   International  Symposium 
on  Autoimmunity.   Krakauer,  R. ,  and  Cathcart,  M.  (Eds.).   Elsevier-North 
Holland  Publishers,  New  York,  1980,  pp.  193-207. 

7.  Cowdery,  J.S.,  Jr.,  Taurog,  J.D.,  Steinberg,  A.D. :   Effects  of  CBA/N  xid 
on  spontaneous  production  of  antibodies  to  DNA  in  MRL/1  and  NZB  backcross 
mice.   Scandinavian  J.  Immunol.  12:499-502,  1980. 

8.  Steinberg,  A.D.,  Huston,  D.P.,  Taurog,  J.D.,  Cowdery,  J.S.,  Raveche,  E.S.: 
The  cellular  and  genetic  basis  of  murine  lupus.   Immunological  Reviews 
55:121-154,  1981. 

9.  Reeves,  J. P.,  Taurog,  J.D.,  Steinberg,  A.D.:   Polyclonal  B-cell  activation 
of  autoantibodies  in  (CBA/N  x  NZB)  F  mice  by  polyinosinic' polycyticylic 
acid.   Clin.  Immunol.  Immunopathol.  19:170-180,  1981. 
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10.  Taurog  J.D. ,  Raveche  E.S.,  Smathers,  P. A.,  Glimcher  L.H.,  Huston,  D.P., 
Hansen,  C.T.,  Steinberg,  A.D.:   Studies  of  the  pathogenesis  of  autoinimunity 
in  NZB  mice.   Demonstration  of  independent  B  and  T  cell  abnormalities  and 
prevention  of  autoimmunity  by  deletion  of  a  B  cell  subset.   J.  Exp.  Med. 
153:221-234,  1981. 

11.  Raveche,  E.S.,  Novotny,  E.A. ,  Hansen,  C.T. ,  Tjio,  J.H.,  Steinberg,  A.D.: 
Genetic  studies  in  NZB  mice.   V.  "ecombinant  inbred  lines  demonstrate 
that  separate  genes  control  autoimmune  phenotype.   J.  Exp.  Med.  153:1187- 
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SUMMARY   OF   WORK    (200   words   or   less   -   underline    keywords) 

Treatment  of  NZB/NZW  mice  with  Ribavirin,  a  broad  spectrum  antiviral 
drug,  has  been  very  effective.  Renal  deposits  of  immune  complexes  can  be 
prevented.   Such  treatment  is  potentially  applicable  to  humans  with  SLE. 

Male  sex  hormones,  testosterone  and  5  alpha-dihydrotestosterone  (but  not 
Danazol)  prolonged  life  in  female  NZB/NZW  mice.   Such  treatment  was  effective 
even  when  started  after  clinical  illness  and  did  not  require  castration  for 
its  full  effect.   However,  NZB  mice  are  much  less  sensitive  to  androgen 
administration. 

A  diet  enriched  in  a  polyunsaturated  fatty  acid  markedly  retards  the 
development  of  autoimmunity  in  (NZB  x  NZW)  F^  females.   Thymectomy  markedly 
retards  autoimmunity  in  MRL/lpr/lpr  mice. 
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Project  Description: 

Objectives: 

NZB/NZW  F  mice  spontaneously  develop  antibodies  to  nucleic  acids  and  die 
of  immune  complex  glomerulonephritis.   NZB  mice  develop  Coomb's  positive 
hemolytic  anemia,  membranous  nephrosis  and  excessive  lymphoreticular  prolifera- 
tion.  MRL/Mp-lpr/lpr  mice  develop  marked  lymphadenopathy  antibodies  to  DNA  and 
glomerulonephritis.   BXSB  mice,  especially  males,  develop  vasculitis,  anti- 
nuclear  antibodies,  and  glomerulonephritis.   These  mice  are  excellent  models 
for  comparing  different  immunosuppressive  and  anti-viral  drug  programs.   In 
addition,  as  the  immunologic  basis  for  the  disease  becomes  better  understood, 
they  offer  a  model  for  studying  more  specific  immunotherapy. 

Methods  Employed: 

1.  Comparison  of  different  immunosuppressive  and  anti-viral  drug  regimens 
in  natural  history  of  NZB/NZW  mice  by  study  of  antibodies  to  DNA,  proteinuria 
and  survival. 

2.  Treatment  with  suppressor  cells  and/or  suppressor  substances  derived 
from  such  cells  in  an  attempt  at  restoring  normal  regulatory  functions  and 
improve  the  natural  history  of  New  Zealand  mice. 

3.  Treatment  of  NZB/NZW,  NZB  and  MRL/Mp-lpr/lpr  mice  with  androgens. 

4.  Thymectomy. 
Major  Findings: 

1.  Androgens  prolong  life  in  MRL/Mp-lpr/lpr  and  female  NZB/NZW  mice. 
Both  testosterone  and  dihydrotestosterone  were  therapeutically  effective  in  a 
dose-dependent  manner.   Danazol  was  of  no  benefit. 

2.  NZB  mice  had  a  transient  reduction  in  anti-RBC  and  anti-DNA  antibodies 
with  androgen  treatment,  but  no  increase  in  survival. 

3.  MRL/Mp-lpr/lpr  mice  had  amelioration  of  disease  by  neonatal  thymectomy. 
They  had  a  decrease  in  anti-DNA,  proteinuria  and  a  marked  increase  in  survival. 
Their  lymphadenopathy  was  almost  completely  prevented. 

4.  A  diet  enriched  in  fish  oil  containing  a  polyunsaturated  fatty  acid 
markedly  prolonged  life  in  (NZB  x  NZW)  F  mice. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

The  mice  continue  to  provide  a  testing-ground  for  promising  new  treatments 
prior  to  assessing  their  effects  in  patients. 

Proposed  Course: 

Further  study  of  sex  hormones  in  other  SLE  strains  of  mice,  especially  MRL 
and  F  crosses  of  BXSB  mice  with  other  strains  to  determine  whether  or  not  such 
treatment  is  uniformly  effective. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Excessive  B  cell  activity  and  loss  of  regulatory  cells  occurs  in  patients  with 
active  SLE;  these  abnormalities  are  less  marked  when  the  disease  is  quiescent. 
Nevertheless,  excessive  B  cell  proliferation  occurs  even  in  inactive  patients. 

Loss  of  a  subpopulation  of  regulatory  T  cells  occurs  in  patients  with  active 
SLE.   Antibodies  to  the  precursors  of  suppressor  T  cells  are  spontaneously 
produced  by  the  patients.   Such  antibodies  prevent  normal  T  cell  control  of 
abnormal  B  cell  activity  allowing  perpetuation  of  autoantibody  production. 
Studies  with  monoclonal  anti-T  cell  antibodies  indicate  that  many  patients 
have  abnormal  presence  of  activated  T  cells  and  increased  numbers  of  B  cells. 
Study  of  a  large  number  of  patients  with  SLE  indicates  that  SLE  is  not  a 
disease,  but  a  syndrome  with  different  cellular  bases. 
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Project  Description: 

Objectives : 

To  apply  the  newer  understanding  of  basic  immunologic  principles,  and 
observations  in  mice  who  develop  lupus-like  diseases,  to  the  study  of  patients 
with  SLE. 

Methods  Employed: 

1.  Study  of  families  of  patients  with  SLE  or  larger  groups  of  patients  with  a 
high  Incidence  of  SLE.   A  battery  of  immunologic  measurements  would  be 
made  in  such  patients. 

2.  Study  of  lymphocytes  and  antibodies  to  lymphocytes  from  patients  with  SLE. 

a.  Number  and  distribution  of  T,  B  and  null  cells  and  their  responses  to 
mitogens  or  allogeneic  cells. 

b.  Study  of  antibody  producing  plaque  forming  cells  (PFC)  in  the  periph- 
eral blood  of  patients. 

c.  Study  of  generation  of  suppressor  cells  by  activating  purified  T  cells 
with  concanavalin  A  and  adding  them  to  a  second  culture,  or  by  adding 
cells  directly  to  cultures. 

d.  Study  of  other  T  cell-B  cell  interactions  with  the  autologous  MLR. 

e.  Study  of  anti- lymphocyte  antibodies  by  use  of  the  fluorescence 
activated  cell  sorter  (FACS) .   Additional  analyses  use  monoclonal 
anti-T  cell  antibodies. 

f.  Study  of  anti-lymphocyte  antibodies  by  complement-mediated  lysis,  dye 
exclusion,  and  antibody  dependent  direct  cellular  cytotoxicity 
(ADCC). 

g.  Use  of  the  technique  of  flow  microfluorometry  to  analyze  lymphocyte 
subpopulations  reactive  with  a  variety  of  specific  monoclonal 
antibodies . 

Major  Findings: 

1.  Anti- lymphocyte  antibodies  occur  in  association  with  increased  activity 

of  patients  with  SLE.   These  antibodies  can  reduce  the  number  of  peripheral 
T  cells  and  interfere  with  their  function. 

2.  Antibodies  to  T  cells  present  in  the  plasma  of  patients  with  active 
systemic  lupus  erythematosus  (SLE)  plus  complement  are  able  to  eliminate 
a  T  cell  necessary  for  the  generation  of  suppressor  cells,  rather  than 
mature,  activated  suppressor  cells.   Such  cells  are  also  eliminated  by 
antibody  dependent  direct  cellular  cytotoxicity  (ADCC) .   Cells  which  form 
rosettes  with  human  erythrocytes  are  preferentially  eliminated.   Although 
the  resetting  is  not  specific  for  autologous  erythrocytes,  those  cells  are 
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enriched   in  cells  necessary  for  suppressor  function.   Such  observations 
suggest  that  some  T  cell  defects  associated  with  active  SLE  may  not  be 
intrinsic  T  cell  abnormalities,  but,  rather,  secondary  effects  of  anti-T 
cell  antibodies. 

3.  Patients  with  active  SLE  have  increased  quantities  of  antibody  producing 
PFC  to  defined  chemical  haptens. 

4.  Using  the  reverse  plaque  assay,  active  SLE  was  found  to  correlate  with  IgG 
antibody  producing  cells  better  than  with  anti-DNA,  C3,  and  other  typical 
serologic  measures.   Of  interest,  serum  IgG  concentrations  correlated  very 
well  with  active  SLE. 

5.  Studies  with  monoclonal  antibodies,  which  identify  T  cell  subsets,  indicate 
that  some  patients  with  active  SLE  have  a  marked  decrease  in  suppressor 
cells  and  suppressor  cell  precursors.   Other  patients  have  an  increase  in 
suppressor  cells  relative  to  helper  cells.   In  most  cases  of  abnormal  T 
suppressor/T  helper  ratios,  the  abnormal  ratio  stems  from  a  quantitative 
defect  in  helper  cells  rather  than  suppressor  cells.   Most  importantly,  the 
ratio  correlated  with  clinical  features  of  SLE.   High  suppressor  :  helper 
ratios  are  associated  with  renal  disease,  thrombocytopenia,  and  SLE  onset 
early  in  life  (<_  20  years).   In  contrast,  patients  with  relatively  fewer 
suppressors  than  normal  tend  to  have  a  multisystem  disease  with  muscle 
disease,  Raynaud's  phemenon,  and  the  sicca  syndrome. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

The  studies  to  date  suggest  that  patients  with  SLE  have  generalized  B  cell 
hyperactivity  rather  than  selective  B  cell  hyperactivity  towards  self-antigens. 
However,  both  genetic  factors  and  environmental  exposure  determine  which  B  cell 
clones  will  be  expanded.   Loss  of  suppressor  and  helper  cells  in  human  SLE  is 
associated  with  (a)  disease  activity,  and  (b)  anti-T-cell  antibodies.   These 
defects  preferentially  occur  during  disease  activity,  indicating  that  the 
abnormalities  are  not  permanent,  and  that  appropriate  specific  prevention  may  be 
possible . 

The  association  of  clinical  features  with  the  ratio  of  suppressor  to  helper 
cells  suggests  that  SLE  may  have  a  different  cellular  basis  in  different  patients. 
Thus,  SLE  may  not  be  a  disease  entity,  but  a  clinical  syndrome  with  different 
causes.   This  would  direct  further  study  of  pathogenesis  and  therapy  at  patient 
subgroups. 

Proposed  Course: 

Continue  the  studies  initiated. 

Publications : 

1.    Blaese,  R.M. ,  Grayson,  J.,  Steinberg,  A.D. :   Elevated  immunoglobulin 
secreting  cells  in  the  blood  of  patients  with  active  systemic  lupus 
erythematosus:   correlation  of  laboratory  and  clinical  assessment  of 
disease  activity.   Am.  J.  Med.  69:345-350,  1980. 
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2.  Steinberg,  A.D. :   "The  balance  between  helper  and  suppressor  factors." 
In,  Strategies  of  Immune  Regulation,  Sercarz,  E.E.,  and  Cunningham,  A.J. 
(Eds.).   Academic  Press,  New  York,  1980,  p.  377. 

3.  Steinberg,  A.D,:   "Autoimmunity."   In,  Strageties  of  Immune  Regulation, 
Sercarz,  E.E.,  and  Cunningham,  A.J.  (Eds.).   Academic  Press,  New  York, 
1980,  p.  503. 

4.  Lewis,  V.M.,  Twomey,  J.J.,  Steinberg,  A.D.,  Goldstein,  G. :   Serum  thymic 
hormone  activity  with  systemic  lupus  erythematosus.   Clin.  Immunol. 
Immunopathol.  18:61-67,  1981. 

5.  Steinberg,  A.D. ,  Taurog,  J.D. ,  Cowdery,  J.S.,  Jr.,  Huston,  D.P. ,  Smathers , 
P. A.,  Reeves,  J. P.,  Hansen,  C.T.,  Raveche,  E.S.:   "Cellular  basis  of  SLE." 
In,  Immunoregulation  and  Autoinmiunity .   International  Symposium  on  Auto- 
immunity.  Krakauer,  R. ,  and  Cathcart,  M.  (Eds.)  Elsevier-North  Holland 
Publishers,  New  York,  1980,  pp.  193-207. 

6.  Morimoto,  C. ,  Reinherz,  E.L. ,  Schlossman,  S.F.,  Schur,  P.H.,  Mills,  J. A., 
Steinberg,  A.D.:   Alterations  of  immunoregulatory  T  cell  subsets  in  active 
systemic  lupus  erythematosus.   J.  Clin.  Invest.  66:1171-1174,  1980. 

7.  Williams,  G.W. ,  Bluestein,  H.G.,  Steinberg,  A.D.:   Brain  reactive  lympho- 
cytotoxic  antibody  in  the  cerebrospinal  fluid  of  patients  with  systemic 
lupus  erythematosus:   Correlation  with  central  nervous  system  involvement. 
Clin.  Immunol.  Immunopathol.  18:126-132,  1981. 

8.  Morimoto,  C. ,  Reinherz,  E.L. ,  Borel,  Y. ,  Mantzouranis,  E. ,  Steinberg, 
A.E.,  Schlossman,  S.F.:   An  autoantibody  to  an  immunoregulatory  inducer 
population  in  patients  with  juvenile  rheumatoid  arthritis.   J.  Clin. 
Invest.  67:753-761,  1981. 

9.  Kumagai,  S. ,  Steinberg,  A.D. ,  Green,  I:  Antibodies  to  T  cells  in  patients 
with  SLE  mediated  ADCC  against  human  T  cell.  J.  Clin.  Invest.  67:605-614, 
1981, 

10.  Steinberg,  A.D. :  Modulation  of  a  complex  immune  system.  Ann.  Neurology  9 
suppl:117-124,  1981. 

11.  Hirata,  F.,  del  Carmine,  R. ,  Nelson,  C,A, ,  Axelrod,  J.,  Schiffman,  E., 
Warabi,  A.,  De  Bias,  A.L. ,  Nirenberg,  M. ,  Manganiello,  V.,  Vaughan,  M. , 
Kumagai,  S.,  Green,  I,,  Decker,  J,L,,  Steinberg,  A.D. :   Presence  of 
autoantibody  for  phospholipase  inhibitory  protein,  lipomodulin,  in  patients 
with  rheumatic  diseases.   Proc.  Nat.  Acad.  Sci.  (in  press). 

12.  Taurog,  J.D.  Steinberg,  A.D.:   Genetic  and  immune  aspects  of  SLE:   Recent 
advances.   Dermatology  20:149-158,  1981. 

13.  Bluestein,  H.G.,  Williams,  G.W. ,  Steinberg,  A.D. :   Cerebrospinal  fluid 
antibodies  to  neuronal  cells:   Association  with  neuropsychiatric  manifesta- 
tions of  systemic  lupus  erythematosus.   Amer.  J.  Med.  70:240-246,  1981. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  are  pursuing  an  in-depth  investigation  on  the  structure  and  function  of 
the  membrane  receptor  for  IgE.  For  these  studies  intact  cells  from  a  rat 
basophilic  leukemia  as  well  as  normal  rat  mast  cells  are  being  used.  In 
addition  receptor-bearing  membrane  vasicles  and  solubilized  receptors  are 
being  studied.  The  aim  is  to  understand  the  structure  of  the  receptor  as 
well  as  its  integration  in  the  plasma  membrane.  Results  of  such  studies  as 
well  as  direct  functional  studies  are  aimed  at  understanding  the  early  stimu- 
lation of  cells  by  antigen-induced,  antibody-mediated  reactions. 
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Project  Description: 

Objectives: 

IgE  is  a  unique  class  of  immunoglobulin  which  plays  a  predominant  role 
in  the  physiological  events  associated  with  a  variety  of  allergic 
phenomena.  The  immunoglobulin  becomes  attached  to  the  surface  of  baso- 
phils and  mast  cells  and,  upon  exposure  to  the  allergenic  antigen, 
mediates  the  release  of  histamine  and  other  vasoactive  amines  from  the 
cells  to  which  it  is  attached.  Although  there  is  an  increasing  amount 
of  information  concerning  the  biochemistry  of  this  reaction  almost 
nothing  is  known  about  how  the  IgE  acts  as  the  cell  surface  transducer. 
The  present  project  is  directed  towards  increasing  our  understanding  of 
how  the  IgE  interacts  with  mast  cells.  In  addition  we  wish  to  under- 
stand the  mechanism  by  which  the  ternary  complex  of  antigen-IgE 
antibody-cell  surface  receptor  triggers  the  degranulation  of  basophilic 
cells. 

Methods  Employed: 

No  unusual  methods  not  previously  described  were  employed  during  the 
past  year. 

Major  Findings: 

Since  our  previous  report  the  following  has  been  found: 

A.  Functional  Studies: 

1.  Structural  Studies  on  Receptor 

1.  The  principal  new  observations  relate  to  the  intra-subunit 
structure  of  the  ot  -chain  of  the  receptor.  We  previously 
reported  that  the  50K  "a  "  subunit  yielded  a  30K  fragment  ex- 
clusively during  the  early  stages  of  proteolytic  digestion  in 
ionic  detergent.  This  proved  to  be  true  regardless  of  whether 
the  a  chains  were  labeled  extrinsical ly  (e.g.  iodination  by 
Bolton-Hunter  reagent)  or  intrinsically  (by  isolation  from 
cells  grown  in  the  presence  of  ^H-amino  acids).  The  latter  new 
findings  indicated  that  the  30K  digestion  product  must  repre- 
sent two  relatively  stable  domains  roughly  equivalent  in  size. 
Differential  labeling  studies  substantiated  this  proposal.  We 
were  able  to  discriminate  between  the  two  domains:  a  1  behaves 
as  a  somewhat  larger  fragment  and  incorporates  more  carbo- 
hydrate than  a  2-  The  latter  appears  to  be  the  principal  region 
of  the  n  chain  which  becomes  modified  by  surface  labeling 
techniques  and  is  therefore  implicated  as  containing  the 
combining  site  for  IgE. 

2.  Since  previous  studies  had  indicated  that  the  a  chain  might  be 
anchored  in  the  membrane  via  the  8  -chain  we  have  initiated 
studies  to  determine  to  what  extent  the  chain  has  a  hydrophobic 
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domain.  We  have  found  that  the  isolated  IgE-  a  chain  complex  is 
completely  soluble  even  in  the  absence  of  detergent,  and  are 
presently  studying  whether  it  binds  detergent,  'Charge  shift' 
electrophoresis  studies  have  so  far  given  ambiguous  results  as 
have  studies  using  the  hydrophobic  probe  iodonaphthylazide. 
Finally  whereas  the  intact  IgE-receptor  complex  (IgE-a  B  ) 
appears  to  incorporate  into  liposomes,  the  IgE-a  chain 
apparently  does  not  (below). 

3.  We  previously  reported  that  target  analysis  by  radiation  in- 
activation  suggested  that  the  functional  target  of  a  chains 
(for  binding  IgE)  was  smaller  than  the  mass  of  the  a  chain  as 
determined  by  structural  analysis.  The  clarification  of  the 
sub-structure  of  the  a  -chain  (above)  tended  to  confirm  this 
unprecedented  observation.  Further  evidence  in  favor  of  the 
proposal  that  radiation  inactivation  might  reveal  intra- 
polypeptide  functional  units  was  obtained  by  examining  IgE. 
Again  we  found  that  the  functional  target  (for  binding  to  the 
receptor  for  IgE)  was  substantially  smaller  than  the  smallest 
covalently  bonded  unit  (117,000  vs  200,000). 

4,  During  previous  studies  on  the  3  subunit  of  the  receptor  we 
found  that  the  latter  chain  gradually  dissociates  from  a  even 
in  the  absence  of  overt  denaturants.  We  are  intensively 
engaged  in  working  out  procedures  by  which  the  two  chains  may  be 
kept  associated  during  purification.  The  ability  to  cross-link 
the  chains  is  being  used  as  an  assay. 

B.  Reincorporation  Studies 

A  variety  of  ■ structural  and  functional  questions  can  be  best 
answered  by  studying  purified  receptors  which  have  been  rein- 
corporated into  phospholipid  liposomes.  Over  the  past  year  we  have 
made  considerable  progress  in  obtaining  such  preparations.  We  have 
found  that  purified  IgE-  ct  chain  complexes  incorporate  only  poorly 
but  that  partially  purified  intact  receptors  (IgE-a  3  )  in- 
corporate rather  well.  Incorporation  is  highly  sensitive  to  de- 
tergent: 1  ipid  ratios.  Other  parameters  ( 1 ipid:protein  ratio, 
temperature,  type  of  detergent,  rate  of  detergent  removal,  etc.) 
are  being  explored  to  determine  the  optimal  conditions. 

C.  Phosphorylation  Studies 

A  project  which  we  have  continuously  pursued  is  to  look  for  changes 
in  the  receptor  for  IgE  which  might  occur  as  a  consequence  of 
triggering.  The  latest  endeavor  has  been  to  see  if  the  receptor 
incorporates  radioactive  phosphorus  and  whether  there  are  changes 
when  the  receptors  are  stimulated.  We  have  found  that  the  6  chain 
(but  not  the  a  chain)  is  phosphorylated  when  cells  are  exposed  to 
j2p  orthophosphate.  Incorporation  does  not  appear  to  be  affected 
by  the  presence  or  absence  of  IgE,  and  so  far  no  changes  resulting 
from  receptor  aggregation  (which  causes  stimulation  of  the  cells) 
have  been  observed. 
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D.  Studies  on  IgE. 

We  have  repeatedly  attempted  to  generate  an  Fc  fragment  from  rat  IgE 
which  would  continue  to  show  binding  activity  for  the  receptor.  In 
our  hands  (and  in  other  laboratories)  this  has  not  been  possible. 
The  availability  of  a  mouse  IgE  hybridoma  and  purified  IgE-a  chain 
complexes  has  encouraged  us  to  try  again.  We  have  found  that  the 
mouse  IgE  unfortunately  presents  the  same  difficulties  as  does  the 
rat  IgE.  However,  during  the  course  of  this  work  we  found  that 
during  the  early  stages  of  digestion  by  IgE-a  chain  complexes,  the 
IgE  becomes  'nicked'  at  2  sites  in  the  epsilon  (e)  chains.  The 
pieces  appear  to  remain  attached  to  each  other  by  disulfide  bounds 
since  reduction  of  the  "nicked"  molecules  leads  to  fragmentation  of 
the  e  chains.  The  nicked  molecules  appear  to  retain  binding 
activity  for  the  receptor  and  under  these  conditions  the  a  chains 
themselves  appear  not  to  be  digested.  These  preparations  of  nicked 
IgE-a  chain  complexes  may  be  useful  in  obtaining  receptors  which 
can  be  purified  and  free  of  IgE  without  the  use  of  strong  de- 
naturants. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

The  IgE  Mast  cell  system  is  of  significance  in  the  pathophysiology  of 
allergy,  parasitic  infections,  and  inf larmiation.  It  is  also  an  experi- 
mentally convenient  system  to  study  mechanisms  of  antigen-induced  antibody- 
mediated  cellular  reactions  in  general.  Finally  it  is  an  excellent  model  for 
the  study  of  exocytosis.  So  far  we  are  continuing  to  make  good  progress  in 
the  elucidation  of  the  molecular  mechanisms  of  this  system.  Knowledge  of 
these  may  eventually  permit  rational  intervention  in  situations  where  the 
system  contributes  to  pathology. 

Proposed  course: 

Over  the  coming  year  the  following  will  be  pursued: 

1.  Continuing  studies  on  the  fine  structure  of  the  a  and  3  chains  of 
the  receptor,  particularly  preparative  isolation  of  the  a  chain 
domains  if  possible  without  the  use  of  denaturants. 

2.  Continued  efforts  to  understand  the  nature  of  the  a  :B  interaction 

3.  Preparative  isolation  of  the  6  -chain  in  order  to  begin  fine 
structure  analysis  of  it  as  well  as  to  make  antibodies  to  it. 

4.  Continued  studies  on  reincorporated  receptors  and  use  of  such  lipo- 
somes to  perform  structural  and  functional  studies. 

5.  Experiments  to  demonstrate  directly  that  fragments  of  irradiated 
IgE  or  receptor  molecules  retain  binding  activity. 

6.  Continued  study  of  digestion  of  IgE-a  subunit  complexes  both  to 
study  the  nature  of  the  IgE  receptor  interaction  and  to  see  if 
undenatured  IgE-free  receptors  can  be  prepared  in  this  way. 
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Project  Description: 

Objectives: 

The  classification  of  renal  biopsy  pathology  in  systemic  lupus  erythe- 
matosus (SLE)  into  general  categories  based  mainly  on  the  extent  of 
cellular  proliferation  of  glomerular  cells  as  assessed  by  light  micro- 
scopy has  been  a  relatively  poor  predictor  of  prognosis  in  treated  or 
untreated  patients.  Following  immunologically  mediated  renal  injury, 
renal  function  may  improve  by  either  regression  of  inflammatory  changes 
in  involved  glomeruli  or  by  compensatory  increases  of  function  in  less 
involved  glomeruli.  The  latter  mechanism  may  explain  why  renal 
function  is  generally  poor  measure  of  cumulative  renal  damage  until 
late  in  the  chronic  phases  of  nephritis  when  renal  reserve  capacity  has 
been  exhausted.  Direct  histological  examination  of  renal  biopsy 
material  should  provide  a  means  to  identify  the  extent  of  disease 
irrespective  of  the  degree  of  renal  functional  compensation.  The 
present  study  will  examine  the  morphologic  characteristics  of  SLE 
nephritis  over  time  in  patients  being  studied  in  ongoing  therapeutic 
protocols.  Biopsies  will  be  scored  for  specific  pathologic  parameters 
which  will  be  used  as  semi -quantitative  indices  of  disease  activity  or 
chronicity.  Repeat  renal  biopsy  will  be  performed  for  evaluation  of  the 
same  parameters  at  a  specific  time  period,  i.e.  two  years,  regardless  of 
the  apparent  clinical  response  of  the  patient  to  ascertain  whether  more 
accurate  prognostic  indicators  can  be  identified  and  whether  more  sens- 
itive measures  of  therapeutic  response  can  be  identified. 

Methods  Employed: 

Percutaneous  renal  biopsy  is  performed  under  direct  fluoroscopic 
visualization.  Tissue  samples  are  processed  for  routine  light,  immuno- 
fluorescence and  electron  microscopy.  Sections  are  blinded  and  scored 
by  both  a  nephropathologist  and  a  clinical  nephrologist  on  a  checklist 
of  specific  morphological  parameters. 

Major  Findings: 

Clinical  and  routine  laboratory  studies  may  not  identify  patients  with 
morphologically  active  disease  as  determined  by  renal  biopsy. 
Moreover,  in  those  patients  with  clinically  active  renal  disease,  no 
specific  parameter  has  been  found  to  be  predictive  of  the  distribution 
nor  the  severity  of  pathologic  lesions.  We  have  found  that  patients 
with  renal  biopsies  having  a  classification  of  diffuse  proliferative 
glomerulonephritis  have  a  broad  spectrum  of  severity  as  judged  by  the 
type  and  number  of  active  lesions  either  within  glomeruli  or  in  the 
interstitium.  In  addition  the  significance  of  sclerosing  lesions, 
which  may  be  concomitantly  present  with  proliferation,  appears  to  be  an 
important  prognostic  factor  which  has  not  received  adequate 
consideration  in  most  series.  Studies  of  serial  renal  biopsies  using 
the  semi-quantitative  histological  scoring  system  have  been  undertaken 
in  patients  who  have  entered  a  chronic  stable  phase  of  lupus  nephritis. 
Preliminary  results  suggest  that  renal  histologic  changes  are  more 
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severe  in  patients  receiving  corticosteroids  alone  compared  to  those 
receiving  cytotoxic  agents  in  addition.  Analysis  of  larger  numbers  of 
patients  is  actively  underway. 

Significance  to  8io-Medical  Research  and  the  Program  of  the  Institute: 

An  improved  system  for  evaluation  and  classification  of  renal  biopsy  path- 
ology would  provide  the  following  advantages: 

1.  A  clearer  description  of  the  types  of  pathology  in  SLE  nephritis. 

2.  The  ability  to  select  more  patients  with  more  nearly  homogenous 
types  of  nephritis  for  study  of  therapeutic  responses. 

3.  Improved  ability  to  identify  accurate  prognostic  indicators  of 
subsequent  renal  function  during  long-term  therapeutic  studies. 

4.  Provide  an  early  index  more  sensitive  than  renal  function  as  a 
measure  of  outcome  in  immunosuppressive  drug  trials  in  SLE  neph- 
ritis. 

5.  Improved  bases  of  indications  for  initiating  and  terminating  ther- 
apy for  SLE  nephritis. 

Proposed  Course: 

An  ongoing  study  of  patients  who  will  be  asked  permission  for  repeat 
renal  biopsy  every  two  years  is  planned.  Patients  will  be  studied  as 
they  enter  new  therapeutic  protocols  as  -well  as  those  followed  in  prev- 
ious treatment  programs. 


Publications: 


Balow,  J.E:  Therapeutic  trials  in  lupus  nephritis.  Problems 
related  to  renal  histology,  monitoring  of  therapy  and  measures  of 
outcome.  Nephron  (In  press). 
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Project  Description: 

Objectives: 

The  Arthritis  and  Rheumatism  Branch  has  a  major  interest  in  the  management 
of  the  nephritis  of  systemic  lupus  erythematosus  (SLE) .   Renal  failure  is  the 
most  common  cause  of  death  in  the  disease.   The  renal  damage  is  produced  by 
immune  complex  deposition  in  the  glomeruli.   It  has  been  suggested  that  drugs 
capable  of  altering  the  antibody  response,  "immunosuppressives,"  would  reduce 
the  formation  of  antibody  and  thus  of  antigen-antibody  complexes.   The  objective 
of  this  study  is  to  assess  the  efficacy  and  toxicity  of  various  immunosuppressive 
drug  programs  in  SLE  nephritis. 

Methods  Employed: 

Patients  with  systemic  lupus  erythematosus  and  active  nephritis  are 
invited  to  enter  the  trial.   All  patients  are  to  be  on  prednisone,  and  one 
group  will  receive  no  additional  medications.   The  other  two  groups  receive  in 
addition:   oral  cyclophosphamide  up  to  1  mg/kg/day  and  azathioprine  up  to  1 
mg/kg/day;  or  every  3  months  intravenous  infusions  of  cyclophosphamide  up  to  1 
gm/M  .   All  patients  are  repeatedly  reevaluated  with  a  battery  of  renal  function 
tests,  serological  studies,  urinalyses  and,  after  two  years  in  the  trial,  by 
renal  biopsy  when  possible.   It  is  proposed  to  continue  the  treatment  programs 
of  admitted  patients  indef inately .   Treatment  failures  can  be  withdrawn 
according  to  protocol. 

Major  Findings: 

Forty-one  patients  have  been  followed  at  least  one  year  [13  on  prednisone 
only  (PO) ;  16  on  cyclophosphamide  plus  azathioprine  (CA) ,  and  12  on  IV  cyclo- 
phosphamide (IC)].   Four  patients  have  died  —  none  from  renal  failure  or 
an  abvious  drug  toxicity.   Two  patients  stopped  CA  because  of  a  desire  to 
become  pregnant  and  2  stopped  CA   for  drug  side  effects.   Decline  in  renal 
function   (serum  creatine  by  25%)  was  observed  in  4  patients  on  PO ,  2  patients 
on  CA,  and  one  patient  on  IC.   Proteinuria  and  hematuria  remained  stable  or 
improved  in  almost  all  patients. 

2 
Non-renal  SLE  flares  occurred  more  commonly  (x  =6.1,  p<0.05)  in  PO  patients 

(13  in  39.2  observation-years)  than  in  the  other  two  groups  (6  in  51.3  years 

with  CA  +  5  in  39.4  years  with  IC  =  11  in  90.7  years). 

Complications  have  included  marked  increase  in  aseptic  necrosis  in  PO 
patients  and  increased  herpes  zoster  in  the  other  two  groups. 

Although  decline  in  renal  function  has  occurred  somewhat  more  commonly  in 
PO  patients  (4/12  =  33%)  than  in  the  two  cytotoxic  groups  (3/27  =  11%),  this 
difference  has  not  reached  statistical  significance.   Nevertheless,  this 
encouraging  trend  coupled  with  fewer  non-renal  SLE  flares  in  the  IC  and  CA 
groups  plus  the  increase  in  aseptic  necrosis  of  bone  in  the  PO  group  justifies 
continuation  of  the  study. 
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Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

These  studies  are  relied  upon  by  physicians  concerned  with  SLE  all  over 
the  world.   We  have  been  one  of  very  few  units  able  to  speak  from  the  hard 
data  base  of  controlled  studies.   The  net  effect  has  been  a  great  reduction  in 
unwarranted  enthusiasm  for  these  agents.   These  studies  certainly  show  that 
other  modes  of  alleviating  SLE  renal  disease  are  needed. 

Proposed  Course: 

We  will  continue  to  follow  these  patients  on  their  assigned  programs.   We 
have  devised  an  accelerated  program  of  intravenous  cyclophosphamide  versus 
intravenous  corticosteroids  to  treat  accelerated  or  histologically  active 
renal  disease  in  patients  with  SLE. 

Publications : 

1.  Decker,  J.L.:   Causes  of  Death  in  Systemic  Lupus  Erythematosus  (In 
Portuguese).   Revista  da  Sociedade  Brasileira  de  Rheumatologia.   (In 
press) . 

2.  Steinberg,  A.D. ,  and  Steinberg,  S.C.:   "Autoimmune  disease  and  the 
clinical  consequences  of  prolonged  immunosuppression."   In,  Inadvertent 
Modification  of  the  Immune  Response.   The  Effects  of  Foods,  Durgs,  and 
Environmental  Contaminants.   Proc.  of  Fourth  FDA  Science  Symposium,  Aug. 
1978.   Asher,  I.M.  (Ed.)  HHS  Publication  No.  (FDA)  80-1074,  1980,  p.  39- 
51. 

3.  Steinberg,  A.D.:  "Immunoregulatory  drugs."  Chapter  55.  In  Kelley, 
W.N. ,  Harris,  E.D. ,  Ruddy,  S.,  and  Sledge,  C.B.  (Eds.):  Textbook  of 
Rheumatology,  Philadelphia,  W.B.  Saunders  Co.,  1980,  pp.  841-861. 

4.  Steinberg,  A.D.:   "Management  of  Systemic  lupus  erythematosus."   Chapter 
70.   In  Kelley,  W.N. ,  Harris,  E.D.  ,  Rudd,  S.,  and  Sledge,  C.B.  (Eds.): 
Textbook  of  Rheumatology.   Philadelphia,  W.B.  Saunders  Co.,  1980,  pp. 
1133-1150. 

5.  Steinberg,  A.D. :   Modulation  of  a  complex  immune  system.   Ann.  Neurology 
9  suppl:117-124,  1981. 
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Project  Description: 

Objectives; 

Published  data  show  that  experimental  erosive  synovitis  can  be  elicited  in  rats 
by  intraperitoneal  injection  of  cell  walls  from  certain  groups  of  streptococci. 
Studies  in  progress  have  the  following  goals: 

1.  To  define  the  variability  in  incidence,  type  and  severity  of  the  experi- 
mental arthritis. 

2.  To  define  the  properties  of  bacteria  that  facilitate  development  of 
arthritis. 

3.  To  characterize  the  host  genetic  factors  which  determine  susceptibility 
to  arthritis. 

4.  To  better  define  pathophysiologic  processes  by  characterizing  dif- 
ferences between  high  and  low  responder  inbred  rat  strains. 

Methods  Employed: 

1.  Bacterial  cell  walls,  free  of  membrane,  are  isolated  from  Streptoccoccus 
pyogenes.  Group  A,  solubilized  by  sonication,  and  used  to  induce  arthritis 
in  various  outbred  and  inbred  rat  strains. 

2.  Rats,  both  inbred  and  outbred,  are  injected  intraperitoneal ly  with  the 
cell  wall  preparations. 

3.  The  rats  are  observed  frequently  to  document  the  time  of  onset  severity 
and  characteristics  of  the  arthritis  and  other  clinically  evident  path- 
ology.   Additional  assessment  is  made  by  radiography  and  histology. 

4.  Selected  inbred  strains  are  used  in  breeding  studies  to  determine  the 
importance  of  selected  genetic  determinants  such  as  the  major 
histocompatibility  (MHC)  and  Ig  allotype  complexes. 

5.  Selected  strains  are  analyzed  in  terms  of  macrophage  and  lymphocyte 
function 

Major  Findings: 

1.  More  than  50  outbred  sprague-dawley  rats  have  be?n  studied.  About  30- 
40%  develop  a  distal  destructive  arthritis  with  variable  severity.  These 
results  suggest  genetic  variability  influences  the  development  of  disease. 

2.  Sixteen  inbred  rat  strains  have  been  studied.  A  genetic  predisposition  to 
disease  has  been  unequivocally  demonstrated.  Several  strains  are  100% 
susceptible;  several  others  are  markedly  resistant. 

3.  Susceptibility  is  a  dominant  genetic  trait  but  is  determined  by  more  than 
three  genetic  loci  including  non  MHC  determinants. 
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4.  The  characteristic  pathologic  lesion  is  a  chronic  mononuclear  cell 
infiltration  consisting  of  macrophages  and  lymphocytes  in  addition  to 
marked  synovial  cell  proliferation. 

5.  Development  of  arthritis  appears  to  depend  on  the  persistence  of  cell 
wall  materials  for  prolonged  periods  of  time  in  the  affected  tissue. 

6.  Following  injection,  resistant  strains  develop  marked  macrophage  medi- 
ated suppression  of  lymphoprol iterative  responses  to  a  variety  of  stimuli. 
This  presists  for  more  than  16  weeks.  In  contrast,  susceptible  strains 
develop  transient  suppression  peaking  at  about  6  weeks,  but  this  is 
followed  by  a  macrophage  (and  ?  T  cell)  mediated  enhancement  of 
lymphoprol  if  erative  responses  to  various  stimuli. 

7.  Macrophages  from  resistant  strains  respond  to  cell  walls  with  prosta- 
glandin E,  release  of  a  higher  magnitude  and  wider  dose  response  range 
than  do  susceptible  strains. 

Significance  to  Bio-Medical  Research  and  Program  of  the  Institute: 

Peptidoglycan  containing  bacterial  cell  walls  have  received  increasing  attention  in 
recent  years  as  possible  pathogenetic  agents  in  some  cases  of  chronic  synovitis. 
This  animal  model  provides  a  potentially  powerful  tool  to  incisively  explore  the  role 
of  genetic  and  immunologic  parameters  in  the  development  of  chronic  synovitis.. 

Proposed  Course; 

The  genetic  and  pathophysiologic  characterization  of  this  experimental  model 
is  continuing. 

Publications; 

None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  this  study,  patients  with  rheumatoid  arthritis  unresponsive  or  intolerant 
to  gold  therapy  will  be  randomized  in  a  double-blind  trial  to  receive  either 
azathioprine  or  d-penici 1 1  amine.  The  trial  will  compare  the  efficacy  and 
toxicity  of  these  during  a  24  week  trial  and  an  extended  follow-up 
observation  period.  The  Arthritis  and  Rheumatism  Branch  is  one  of  eleven 
clinics  carrying  out  this  protocol  under  the  direction  of  the  Center  for 
Cooperative  Studies  in  the  Rheumatic  Diseases. 
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Project  description 
Objectives 

1.  To  compare,  in  patients  with  rheumatoid  arthritis,  the  effect- 
iveness of  azathioprine  and  d-penici 11  amine. 

2.  To  compare  severity  and  incidence  of  side  effects  and  compli- 
cations among  the  two  treatment  groups. 

Methods  Employed 

In  this  cooperative  trial,  a  total  of  200  patients  with  adult  onset 
rheumatoid  arthritis  will  be  evaluated  in  a  double-blind,  parallel 
study  for  a  duration  of  24  weeks.  Patients  will  be  randomized  to  either 
azathioprine  or  d-penicillamine  and  seen  in  the  out-patient  clinic 
every  2  weeks  during  this  study.  Clinical  efficacy  of  the  drugs  will  be 
evaluated  and  compared  by  periodic  assessments  of  the  articular  inflam- 
mation and  x-ray  changes. 

Major  Findings 

None  at  this  time 

Significance  to  Bio-Medical  Research  and  Program  of  the  Institute 

The  careful  study  of  the  comparative  efficacy  and  safety  of  these  two  long- 
acting  anti-rheumatic  drugs  will  be  of  great  assistance  in  the  medical 
management  of  patients  with  rheumatoid  arthritis. 

Proposed  Course 

To  date  a  total  of  seven  patients  from  the  Arthritis  and  Rheumatism 
Branch  clinic  population  have  enrolled  in  the  trial.  These  patients 
will  continue  to  be  followed.  In  addition,  new  patients  for  the  trial 
are  being  actively  recruited. 

Publications 

None 
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SUMMARY  OF  MRK    (200  words  or  less  -  underline  keywords) 

Gold  has  been  known  to  have  a  beneficial  effect  on  rheumatoid  arthritis  for 
many  decades.  In  this  study,  a  new  oral  gold  preparation  (auranofin)  will  be 
compared  to  a  placebo  and  to  intramuscular  gold  in  a  double-blind  trial 
involving  11  clinics  cooperating  under  the  aegis  of  the  Center tor 
Cooperating  Studies  in  the  Rheumatic  Diseases. 
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Project  description 
Objectives 

1.  To  compare  in  patients  with  definite  or  classical  active  pro- 
gressive rheumatoid  arthritis  the  effectiveness  of  auranofin,  gold 
sodium  thiomalate,  and  placebo. 

2.  To  compare  incidence  and  severity  of  side  effects  and  complications 
amongst  the  three  treatment  groups. 

Methods  Employed 

The  study  in  a  21  week  out-patient  double-blind  parallel  trial  of  auran- 
ofin, gold  sodium  thiomalate,  or  placebo  with  a  one  year  follow-up  of 
patients  receiving  auranofin.  Patients  are  to  be  seen  in  the  clinic 
weekly  to  receive  either  intramuscular  gold  thiomalate  and  daily 
placebo  tablets,  placebo  injections  and  daily  auranofin  tablets,  or 
placebo  injection  and  placebo  tablets.  Clinical  efficacy  will  be 
evaluated  by  periodic  assessment  of  articular  inflammation  and  x-ray 
changes  amongst  the  3  groups.  After  21  weeks  in  the  double-blind  trial, 
all  patients  will  be  eligible  for  a  one-year  open  trial  of  auranofin. 

Major  Findinas 


None  at  this  time 

Significance  to  Bio-Medical  Research  and  Program  of  the  Institution 

To  find  a  form  of  gold  of  comparable  efficacy  and  safety  to  standard  intra- 
muscular gold  which  can  be  taken  by  mouth  would  be  a  useful  advance  in  the 
management  of  rheumatoid  arthritis. 

Proposed  Course 

The  enrollment  phase  of  this  cooperative  trial  has  been  completed  with  a 
total  of  220  patients  entered.  Three  patients  from  our  clinic  popu- 
lation have  entered  this  trial.  During  the  coming  year,  these  patients 
will  continue  to  be  followed  and  provided  the  opportunity  to  enter  the 
open  phase  at  the  completion  of  21  weeks. 

Publications 

None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  are  investigating  the  natural  history  and  in  situ  organization  of  the 
receptor  for  IgE  on  mast  cells  and  basophils.  Various  sublines  of  rat 
basophilic  leukemia  (RBL)  cells  and  plasma  membrane  vesicles  prepared  from 
them  are  used.  Purified  IgE  myeloma,  antibodies  to  IgE  and  to  the  receptor 
are  also  used.  These  studies  will  help  clarify  the  mode  of  function  of  the 
receptor,  the  fate  of  the  receptor-bound  monomeric  and  cross-linked  IgE  and 
the  turnover  of  the  free  receptor. 
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Project  Description 

Objectives 

The  various  rat  basophilic  leukemia  cell  lines  as  well  as  purified 
labeled  IgE  myeloma  and  hybridoma  provide  a  unique  model  system  with 
which  one  can  follow  the  fate  of  a  protein  that  binds  specifically  and 
tightly  to  a  surface  receptor.  The  main  objectives  are  to  investigate 
the  conditions  under  which  the  surface  bound  IgE  is  internalized  and  the 
effect  of  internalization  on  the  turnover  of  the  receptor.  These  cell 
lines  also  provide  a  source  of  plasma  membrane  vesicles  carrying  puri- 
fied radiolabeled  marker  for  the  outer  leaflet  of  the  plasma  membrane, 
namely  IgE.  The  main  objective  here  is  to  elucidate  the  manner  in  which 
the  receptor  is  organized  in  the  membrane,  and  thus  learn  about  the 
mechanism  involved  in  transmitance  of  signals  across  the  cell  membrane. 

Major  findings 

A.  Internalization  of  oligomers  of  IgE  and  its  effect  on  receptor 
turnover. 

The  questions  we  addressed  were  1)  the  size  of  the  signal  required 
for  internalization;  2)  the  role  if  any,  of  IgG  Fc  receptor  in  the 
internalization  of  the  IgE  oligomers;  3)  the  fate  of  the  various 
internalized  oligomers  of  IgE  and  IgG  (i.e.  disposition,  intra- 
cellular translocation,  shuttling);  4)  the  fate  of  the  ligand  and 
the  receptor  in  the  process  of  internalization.  Though  dimers  were 
shown  to  be  less  effective  in  initiating  exocytosis  of  histamine 
than  trimers  and  the  latter  were  less  effective  than  heavier  oli- 
gomers, we  found  that  dimers,  trimers  and  heavier  oligomers  of  IgE 
were  internalized  at  similar  rates  (t%  ~  h-l  hr.)  and  to  similar 
extents.  Internalization  of  dimers  and  trimers  occurred  equally 
well  in  histamine  releasing  and  non-releasing  sublines.  This  indi- 
cates that  exocytosis  in  these  cell  lines  cannot  be  directly  and 
simply  related  to  the  internalization  of  the  bulk  of  the  surface 
bound  ligand.  Importantly,  both  cell  lines  were  capable  of 
distinguishing  between  the  binary  complex  of  receptor  and  IgE  and 
the  ternary  complex  in  which  two  receptors  have  presumably  been 
linked  by  one  dimeric  molecule  of  IgE.  Thus  minimal  receptor  aggre- 
gation brought  forth  efficient  internalization.  Cell  surface  bound 
oligomers  of  IgG  were  also  internalized.  Though  IgG  receptors  have 
been  shown  to  bind  IgE  oligomer?  the  internalization  of  either 
oligomer  apparently  was  unaffected  by  excess  of  the  heterologous 
monomer.  We  therefore,  conclude  that  the  internalization  is  driven 
by  the  specific  receptor.  Short  term  (%-6  hrs.)  studies  show  that 
the  process  of  internalization  of  radiolabeled  ligand  is  temporally 
associated  with  appearance  of  TCA  non-precipitable  label  in  the 
culture  medium.  Therefore  some  ligand  degradation  occurs  con- 
currently with  internalization.  During  the  same  time  no  signifi- 
cant reexpression  of  unoccupied  receptors  on  the  cell  surface  or  in 
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cell  extracts  could  be  demonstrated.  This  indicates  that  the 
receptor  remains  inaccessible  and  is  neither  rapidly  recycled  nor 
replaced  during  and  immediately  following  ligand  internalization. 

Assessment  of  the  utility  of  RBL  membrane-vesicles  in  determining 
ivhether  the  IgE  receptor  is  a  transmeiibrane  protein. 

We  developed  a  reproducible  procedure  for  the  preparation  of  mem- 
brane vesicles  of  a  predictable  quality  and  yield  from  RBL  cells, 
partially  saturated  with  radiolabeled  IgE,  the  latter  served  as  a 
plasma  membrane  marker.  Assessment  of  solubilized  vesicles  indi- 
cated that  during  membrane  preparation  free  receptors  and  receptor- 
IgE  complexes  were  well  preserved  and  no  major  losses  of  other 
radiolabeled  surface  proteins  occurred.  Electron  microsopic  exami- 
nation revealed  that  these  preparations  were  rich  in  smooth 
vesicles  and  contained  few  contaminating  sub-cellular  organelles. 
All  of  the  vesicle  preparations  tested  failed  to  bind  the  expected 
amount  of  IgE  and  contained  a  high  proportion  (40-80%)  of  vesicles 
that  failed  to  bind  to  affinity  columns  carrying  anti-IgE  on  con- 
canovalin  A.  Solubilization  in  non-ionic  detergent  resulted  in 
recovery  of  the  expected  capacity  of  free  receptor  to  bind  IgE  and 
of  the  IgE-receptor  complexes  to  bind  to  anti-IgE  affinity  columns. 
These  data  could  indicate  the  presence  of  reversed  vesicles  as  well 
as  the  potential  usefulness  of  affinity  columns  in  sorting  vesicles 
according  to  their  orientation.  However  further  studies  showed 
that  vesicle  associated  IgE  bound  proportionately  more  soluble  IgG- 
anti-IgE  than  was  expected  from  studies  on  whole  cells, 
additionally  processing  on  affinity  columns  did  not  affect  the 
reactivity  with  soluble  anti-IgE  or  IgE. 

To  reconcile  all  of  these  findings  one  would  have  to  assume  that  A) 
the  preparations  contained  a  high  proportion  of  relatively 
permeable  'reversed'  vesicles  and  B)  that  in  the  process  of  making 
the  vesicles  the  free  receptor  was  rendered  physically  less  acces- 
sible to  IgE,  while  the  receptor  bound  IgE  was  rendered  more  acces- 
sible to  soluble  anti-IgE.  The  vesicles  were,  indeed,  found  to  be 
permeable  by  dextran  gradients  and  electronmicroscopy.  Studies 
using  an  E.M.  identifiable  outer  membrane  marker  ( IgE-Ferritin)  were 
carried  out  to  verify  the  presence  of  reversed  vesicles.  However 
results  obtained  so  far  did  not  allow  a  clear  cut  conclusion  with 
respect  to  vesicle  orientation. 

Inspite  of  the  cited  uncertainty  we  believed  that  the  inner  facet  of 
the  membrane  was  rendered  accessible.  We  tnerefore  proceeded  with 
labeling  and  enzyme  digestion  studies,  aimed  at  detecting  an  intra- 
membranous  portion  of  the  receptor.  We  found  that  vesicle  form- 
ation rendered  some  membrane  proteins  less,  and  some  more  acces- 
sible to  labeling,  however  the  IgE-occupied  receptor  on  whole 
cells  and  membrane  vesicles  were  equally  unavailable  to  lacto- 
peroxidase  catalyzed  iodination.  Treatment  of  vesicles  with  papain 
and  trypsin  had  no  effect  on  the  ability  to  bind  IgE  or  on  the 
apparent  molecular  weight  of  the  a  chain  of  the  receptor  as 
determined  on  SDS  PAGE. 
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Though  these  observations  could  suggest  that  the  IgE  receptor  is 
not  a  transmembrane  protein,  three  caveats  must  be  mentioned. 
Tyrosin  phenylalamin  and  histidine  free  portions  of  the  receptor, 
which  traverse  the  membrane,  would  not  be  detected  by  lacto- 
peroxidase  catalyzed  iodination.  Secondly  only  two  proteases  were 
used,  it  is  possible  that  the  potential  cytoplasmic  portion  of  the 
receptor  is  not  digestable  by  either.  Thirdly,  it  is  difficult  to 
demonstrate  rigorously  that  the  inner  facet  of  the  membrane  was 
available  to  the  enzymes  and  the  second  label. 

C.  Assessment  of  the  anti-genic  relationship  between  IgE  and  IgG  Fc 
receptors  on  mouse  mastocytoma  cells. 

Rat  basophilic  leukemia  cells  and  mouse  mastocytoma  cells  have 
receptors  for  the  Fc  portion  of  IgE  and  IgG.  The  IgE  receptors  bind 
IgE  exclusively  while  the  IgG  receptor  binds  IgE  oligomers  as  well, 
thus  suggesting  that  the  two  receptors  could  be  related;  if  so 
antiserum  from  rabbits  which  were  hyperimmunized  with  either 
receptor  might  be  expected  to  interact  with  both.  To  study  this  we 
used  non-ionic  detergent  extracts  of  surface  labeled  mouse  masto- 
cytoma cells,  rabbit  antiserum  to  IgE  Fc  receptors  of  RBL  cells, 
antiserum  to  IgG  Fc  receptors  of  mouse  peritoneal  macrophages  and 
IgE  together  with  affinity  purified  anti-IgE  antibodies.  We  found 
that  antiserum  to  rat  IgE  receptor  reacted  mainly  with  one  membrane 
component  of  mouse  mastocytoma  cells,  the  apparent  molecular  weight 
of  this  receptor  on  SDS  PAGE  was  ~  60,000,  pretreatment  of  extracts 
with  IgE  and  anti-IgE  eliminated  all  reactivity  with  this  anti- 
serum. Antiserum  to  mouse  IgG  Fc  receptor  reacted  mainly  with  a 
component  with  an  apparent  M.W.  of  ~  68,000.  This  antiserum  failed 
to  react  with  extracts  from  surface  labeled  RBL  cells,  though  these 
cells  were  shown  to  have  an  IgG  receptor.  Pretreatment  of  extracts 
from  surface  labeled  IgE  saturated  mouse  cells  with  anti-IgE  alone 
or  anti-IgE  followed  by  antiserum  to  rat  IgE  receptor  did  not  elimi- 
nate reactivity  with  the  antiserum  to  mouse  IgG  receptors.  Pre- 
treatment with  anti-IgG  receptor  alone  did  not  eliminate  reactivity 
with  antiserum  to  the  IgE  receptor.  Our  studies  confirm  that  IgE 
and  IgG  receptors  are  two  separate  anti-genically  distinguishable 
membrane  components;  so  far  we  have  failed  to  find  major  antigenic 
similarities  between  them. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Basophils,  mast  cells  and  IgE  are  important  components  of  the  allergic  and 
inflammatory  reactions.  They  provide  a  useful  model  system  for  studying  the 
organization  of  receptors  in  membranes  as  well  as  the  fate  of  cell  bound 
Ligands  (IgE),  the  condition  that  leads  to  their  endocytosis  and  the  latters 
effect  on  surface  expression  and  turnover  of  receptors.  Knowledge  of  these 
may  aid  in  developing  methods  aimed  at  modulating  the  allergic  and  inflam- 
matory reactions. 
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Proposed  course: 

1.  Continue  to  study  the  effect  of  Ligand  presence  and  internalization 
on  turnover  of  the  receptors;  verify  the  fate  of  receptors  during 
and  following  the  event  of  Ligand  internalization;  study  the  intra- 
cellular shuttling  and  disposition  of  the  internalized  IgE. 

2.  Continue  to  study  the  in  situ  organization  of  the  chain  of  the 
receptor  for  IgE  and  attempt  to  define  whether  the  chain  is  a 
transmembrane  protein. 


Publ ications 


Barsumian  E.L.,  Isersky,  C,  Petrino,  M.  and  Siraganian,  R:  IgE- 
induced  histamine  release  from  rat  basophilic  leukemia  cell  lines: 
Isolation  of  releasing  and  non-releasing  clones.  Eur.  J.  Immunol. 
European  Journal  of  Immunology  11:  317-323,  1981. 
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SUMMARY    OF    WORK    (200    words    or    less   -    underline    keywords) 

Patients  with  systemic  lupus  erythematosus  have  been  found  to  have 
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lymphocytes  as  well  as  monocyte  function  have  been  observed  both  in  patients 
with  SLE  and  certain  of  their  relatives.  The  major  goal  of  these  studies  is 
to  furtFer  characterize  the  types  of  immunological  disturbances  in  SLE  and  to 
elucidate  the  mechanisms  which  lead  to  alterations  of  immune  regulation  and 
are  responsible  for  the  pathogenesis  of  this  disease. 


PHS-6040 


7^3 


ZOl  AM  41052-02  ARB 

Project  Description: 

Objectives 

SLE  is  considered  to  be  caused  by  disturbances  in  immune  regulation. 
Although  several  disorders  of  the  T  and  B  lymphocyte  functions  have  been 
noted  in  patients  with  SLE,  certain  of  these  abnormalities:  1)  are 
absent  in  some  affected  SLE  patients,  2)  continue  to  be  present  after 
patients  enter  remission  of  SLE,  and  3)  have  also  been  observed  in  non- 
affected  relatives  of  SLE  patients.  Thus,  the  questions  regarding 
which  abnormalities  are  necessary  and/or  sufficient  for  the  patho- 
genesis of  SLE  remain  unclear.  The  present  studies  seek  to  elucidate 
certain  of  the  mechanisms  causing  abnormal  eel  1 -mediated  immunological 
dysfunction  in  order  to  further  understand  the  pathogenesis  and  to 
consider  novel  approaches  to  therapy  of  SLE. 

Methods  Employed: 

1.  B  lymphocyte  functions  will  be  studied  by  enumeration  of  immuno- 
globulin secreting  cells  in  reverse  hemolytic  plaque  assays. 
Various  subpopulations  of  lymphoid  cells  from  SLE  patients  will  be 
tested  in  combination  in  order  to  elucidate  the  types  of  cells  with 
either  excessive  or  deficient  immunoregulatory  function. 

2.  T  lymphocyte  functions  will  be  studied  in  assays  of  eel  1 -mediated 
cytotoxicity,  mixed  leucocyte  reaction  and  lymphocyte  pro- 
liferation in  response  to  various  in  vitro  mitogenic  stimuli.  The 
role  of  autoantibodies  directed  against  selected  lymphocyte  sub- 
populations,  as  well  as  the  role  of  circulating  immune  complexes, 
in  causing  disturbances  of  immune  regulation  will  be  studied. 

3.  Studies  of  cellular  interactions  involving  T  and  B  lymphocytes  and 
monocytes  will  be  undertaken  to  further  determine  the  state  of 
helper  and/or  suppressor  cell  subsets  in  patients  with  SLE  as 
compared  to  those  of  normal  subjects. 

Major  Findings: 

Patients  with  SLE  have  been  found  to  have  elevated  numbers  of  spon- 
taneously activated  immunoglobulin  secreting  cells  in  their  peripheral 
leucocytes.  Patients  with  the  most  clinically  active  disease  have  the 
highest  proportion  of  activated  B  lymphocytes  which,  however,  do  not 
respond  normally  to  stimulation  with  polyclonal  activators,  such  as 
pokeweed  mitogen.  However,  a  radiation-resistant  accessory  lymphoid 
cell  from  normal  donors  partially  restores  this  defective  response  to  B 
cell  mitogens.  These  studies  suggest  that  patients  with  SLE  may  lack  a 
helper  cell  function  necessary  for  normal  B  lymphocyte  response,  or 
that  prior  activation  of  B  lymphocytes  in  vivo  leads  to  refractoriness 
to  mitogenic  stimuli.  Alternatively,  the  emergence  of  suppressor  cell 
activity  following  in  vivo  B  lymphocyte  activation  may  lead  to 
inhibition  of  immunoglobulin  secretion. 
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Deficiency  of  T  cell  functions  have  been  found  in  patients  with  SLE. 
Certain  patients  lack  the  ability  to  generate  cytotoxic  T  lymphocytes 
to  alloantigens,  while  nearly  all  patients  exhibit  a  normal  pro- 
liferative response  to  alloantigens  in  mixed  leucocyte  culture. 
Preliminary  experiments  suggest  that  the  defect  in  ability  to  generate 
cytotoxic  T  lymphocytes  may  be  caused  by  pre-activated  suppressor  cells 
in  certain  patients  with  SLE. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute 

The  complex  interacting  and  regulatory  network  of  the  normal  immune  response 
may  reflect  perturbations  several  cell  levels  distant  from  the  primary  dis- 
turbance. Clarification  of  the  mechanisms  causing  each  immunologic 
disturbance  in  SLE  is  necessary  in  order  to  ascertain  their  relative 
importance  in  the  pathogenesis  of  SLE. 

Proposed  Course: 

Continued  studies  of  cell  mediated  lymphocyte  functions  of  patients 
with  SLE  in  various  levels  of  disease  activity  in  comparison  to  those  of 
normal  controls  will  be  undertaken. 

Publications: 


1.  Tsokos,  G.C.  and  Balow,  J.E:  Cytotoxic  responses  to  alloantigens 
in  systemic  lupus  erythematosus.  J.  Clin.  Immunol.  (In  press) 

2.  Tsokos,  G.C.  and  Balow,  J.E:  Spontaneous  and  pokeweed  mitogen- 
induced  plaque  forming  cells  in  systemic  lupus  erythematosus. 
Clin.  Immunol.  Immunopathol.   (In  press). 
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SUMMARY  OF  WORK  (200  words  or  less 

Part  one 


underline    keywords) 


Six  patients  with  rheumatoid  arthritis  (RA)  unresponsive  to  conventional  therapies  have 
been  studied  in  an  open  pilot  trial  of  short-term  pulse  methylprednisolone  (MP).  Following 
administration  of  I  gram  of  MP  intravenous  on  3  consecutive  days,  dramatic  changes  in 
articular  index  were  evident  in  the  first  1-2  weeks.  The  effect  persisted  for  a  variable 
period  of  time  -  2  weeks  to  more  than  8  weeks.  No  major  side  effects  were  observed.  No 
persistent  changes  in  several  immunological  parameters  were  measured.  The  results 
provide  a  preliminary  basis  to  design  better  therapeutic  protocols 

Part  two 

Oral  administration  of  high  dose  pulse  corticosteroid  is  potentially  a  more  practical  method 
of  administering  pulse  therapy.  Drug  absorption  and  patient  acceptance,  however,  of  high 
dose  orally  administered  steroids  are  not  well  documented.  Thus,  we  studied  plasma  MP 
levels  in  3  patients  with  RA  after  a  single  IV  or  oral  administration.  Preliminary  results 
indicate  that  orally  administered  high  dose  MP  is  well  absorbed  (  >60%.)  and  v/ell  tolerated, 
but  therapeutic  equivalence  of  IV  versus  orally  administered  MP  is  not  certain. 
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Project  Description: 

Part  I 

Objectives: 

Althougin  corticosteroids  are  dramatically  effective  in  diminishing  inflammation, 
their  administration  topatients  withrheumatoid  arthritis  on  a  prolonged  daily  basis 
is  often  associated  with  severe  complications.  Administration  of  steroids  by 
intermittent  high  dose  "pulses"  is  frequently  effective  in  renal  transplant  rejection, 
whereas  administration  by  conventional  regimens  are  usually  ineffective.  This 
mode  of  administration  has  been  generally  safe.  Because  we  suspect  that 
transplant  reject  ion  and  rheumatoid  synovitis  may  have  somecell-mediated  inflam- 
matory mechanisms  in  common,  an  open  pilot  study  of  high  dose  pulse  methylpred- 
nisolone  (MP)  therapy  was  initiated.    Objectives  of  the  study  were: 

1.  To  determine  if  short-term  pulsed  intravenous  (IV)  MP  could  induce  signi- 
ficant improvement  of  subjective  and  objective  signs  of  inflammatory 
arthritis  in  patients  with  rheumatoid  arthritis. 

2.  To  determine  the  nature  of  an  duration  of  any  beneficial  effects, 

3.  To  document  incidence,  type,  and  severity  of  reactions  of  this  mode  of 
treatment. 

Methods  Employed; 

1.  Patients  admitted  to  the  study  met  criteria  for  definite  or  classic  RA,  had 
persistently  active  disease,  and  had  failed  to  adequately  respond  to  non- 
steroidal anti-inflammatory  agents  and  at  least  2  other  major  anti-rheumatic 
drugs  (gold,  antimalarials,  penicillamine  or  cytotoxic)  drugs.  Cytotoxic 
drugs,  if  previously  tried,  were  discontinued  2  months  prior  to  entering  the 
study.  Other  drugs,  including  low  dose  corticosteroids,  were  maintained  on  a 
stable  regimen  for  6  months  prior  to  pulse  treatment. 

2.  The  study  consisted  of  3  phases:  a)  pre-pulse  MP  evaluation  (one  month)  to 
establishbaselineparameters;b)pulse  MP  administration  (5  days  in  hospital); 
single  three-day  course  of  IV  MP,  1  gm/day;  c)  post-pulse  MP  evaluation  (two 
months). 

3.  Each  patient  was  assessed  by  a  single  examiner  while  in  the  study. 

4.  A  variety  of  chemical,  hematological  and  immunological  parameters  were 
assessed. 

Major  Findings: 

1.  All  patients  showed  dramatic  improvement  measured  by  multiple  parameters 
at  one  week.  The  improvement  lasted  for  a  variable  period  of  time  -  2  weeks 
(one  patient)  to  more  than  8  weeks  (three  patients).     . 

2.  No  major  side  effects  were  observed.  Minor  side  effects  included  transient 
insomnia,  increased  dreaming,  flushing  and  a  metallic  taste. 
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3.  No  persistent  changes  were  noted  in  chemical,  hematological  or  immuno- 
logical parameters  studied,  except  for  a  decrease  in  erythrocyte 
sedimentation  rate. 

Part  2 

Objectives; 

Oral  administration  of  high  dose  pulse  corticosteroid  is  potentially  a  more 
practical  method  of  administering  pulse  therapy;  however,  drug  absorption  and 
patient  acceptance  is  not  well  documented.  Thus,  in  this  study  our  purpose 
was  to  measure  plasma  MP  levels  at  various  times  after  administration  to 
document  absorption  and  the  kinetics  of  plasma  clearance  of  the  drug  and  to 
monitor  patient  acceptance. 

Methods  Employed; 

1.  Three  patients  with  RA  and  ancillary  criteria  similar  to  those  in  Part 
One  were  studied. 

2.  Each  patient  was  administered  1.0  gram  of  MP  in  three  forms:  a)  intra- 
venously over  30-60  min;  b)  orally  administered  capsules;  and  c)  orally 
administered  suspension  in  flavored  liquid. 

3.  Plasma  samples  were  collected  at  various  intervals  over  a  2k  hour  period 
and  plasma  levels  of  drug  measured  by  high  pressure  liquid  chroma- 
tography. 

k.  Patient  tolerance  was  a  ascertained  by  observation  and  patient  inter- 
view. 

Major  Findings; 

Preliminary  analysis  of  the  results  indicate  that  orally  administered  MP  is  well 
absorbed  (>  60%),  has  a  T,,  of  ~  2-3  hours,  and  is  well  tolerated.  Therapeutic 
equivalence  to  intravenously  administered  MP,  however,  is  still  not  certain. 

Significance  to  Bio-Medical  Research  and  Program  of  the  Institute: 

Therapy  for  severe  rheumatoid  arthritis  remains  controversial  and  often  inadequate. 
The  results  of  these  pilot  studies  support  this  view  that  pulse  adminstration  of 
corticosteroids  in  high  doses  may  have  a  role  in  patient  management,  particularly  as 
an  intermittent  adjunct  to  conventional  antirheumatic  therapy.  Furthermore,  the 
data  would  suggest  that  oral  administration  may  be  a  more  practical  route  of 
administration  for  outpatient  intermittent  therapy  and  warrants  further  study. 

Proposed  Course: 

Further  studies  are  being  discussed. 

Publications; 

fJone 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Nine  patients  with  Rheumatoid  Arthritis,  unresponsive  to  conventional  therapy,  have 
been  studied  in  an  open  trial  of  a  short  course  of  lymphapheresis  (six  procedures 
over  two  to  three  weeks).  Immunologic  characteristics  of  the  mononuclear  cells 
removed  do  not  correlate  with  initial  disease  activity.  However,  diminished 
mononuclear  cell  reactivity  to  various  stimuli,  in  general,  predicted  a  favorable 
response  to  therapy.  Abnormalities  tended  to  resolve  with  therapy.  Nonresponders 
generally  exhibited  normal  reactivity.  Clinical  improvement  was  quite  variable  in 
degree  and  frequently  short  term.  These  studies  into  potential  mechanisms  of 
disease  in  rheumatoid  arthritis  and  provide  new  data  with  which  to  assess  apheresis 
as  a  therapeutic  modality. 
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Project  Description: 

Objectives; 

Lymphocyte  depletion  resulting  form  repeated  removal  of  leukocytes 
using  a  centrifugal  flow  cell  separator  (lymphapheresis)  has  been  shown  to 
hove  modest  ameliorative  effect  on  rheumatoid  arthritis  (RA)  (Karsh  et 
al,  in  press).  Numerous  questions,  however,  still  remain  unanswered  about 
this  therapeutic  modality.    In  this  study,  our  objectives  are  to: 

(1)  Determine  if  a  short  course  of  lymphapheresis  (six  procedures  over 
2-3  weeks)  would  produce  a  clinical  effect  similar  to  that  observed 
with  fifteen  procedures  over  5  weeks,  as  used  in  the  above  cited 
study. 

(2)  Characterize  by  a  variety  of  methods  the  mononuclear  cells  re- 
moved by  lymphapheresis,  and  to  correlate  thesd  findings  with 
disease  activity. 

Methods  Employed: 

(1)  Patients  admitted  to  the  study  met  criteria  for  definite  or  classic 
RA,  had  active  disease  (Ritchie  Camp  articular  index  of  Greater 
than  30  and  had  15  or  more  swollen  or  tender  joints),  had  failed 
to  adequately  respond  to  non-steroidal  anti-inflammatory  agents  and 
at  least  2  other  major  anti-rheumatic  drugs  (gold,  anti-malarials, 
penicillamine  or  cytotoxics).  Cytotoxic  drugs  were  stopped  at  least 
one  month  before  entering  the  study.  Other  drugs,  including  low 
dose  steroids  were  maintained  on  a  stable  regimen. 

(2)  The  patients  received  six  procedures  over  a  two  to  three  week 
period  and  then  were  followed  for  up  to  six  months. 

(4)  Extensive  characterization  of  the  mononuclear  cells  removed  at 
each  procedure  has  been  attempted. 

Major  Findings; 

(1)  Nine  patients  have  been  studied.  The  clinical  response  to  lympha- 
pheresis has  been  variable.  Three  patients  have  had  no  change  or 
distinct  worsening.  The  other  patients  have  demonstrated  variable 
degrees  of  improvement  which  has  lasted  from  as  little  as  I  week  to 
more  than  6  months. 

(2)  No  correlation  between  initial  disease  activity  and  the  immunologic 
characteristic  of  the  peripheral  blood  mononuclear  cells  has  been 
discerned. 

(3)  The  data  also  suggest  that  patients  with  diminished  delayed  type 
hypersensitivity  reactions  to  skin  test  antigens  and  diminished 
lymphoproliferative  responses  to  soluble  antigens  and  mitogens 
respond  best.  Patients  with  normal  or  enhanced  responses  have 
generally  failed  to  respond. 
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(4)  Patients  which  have  responded  generally  exhibit  evidence  of  and  of 
increased  number  of  "activated"  lynnphocytes  and  monocytes  in  the 
peripheral    blood    when    compaired    with    normal     individuals    and 
patients  who  have  not  improved  with  lymphapheresis. 

(5)  Lymphoproliferative  defects  generally  returned  toward  normal  as 
therapy  progressed  in  responders,  but  did  not  change  in  non- 
responders. 

(6)  No  major  side  effects  have  been  noted.  One  patient  developed 
herpes  zoster  about  two  weeks  after  completing  a  course  of 
lymphapheresis. 

Significance  to  Bio-Medical  Research  and  Program  of  the  Institute; 

Therapy  for  severe  rheumatoid  arthritis  remains  inadeguate.  Apheresis  is  an 
experimental  technique  which  needs  careful  assessment.  The  studies  in  progress  are 
providing  new  insights  in  desease  mechanisms  in  this  disease  and  provide  additional 
data  to  assess  the  role  of  apheresis  as  a  therapeutic  modality. 

Proposed  Course; 

The  present  studies  are  continuing. 

Publications; 

Karsh,  J.,  Wright,  D.G.,  Klippel,  J.H.,  Decker,  J.L.,  Deisseroth,  A.B.  and 
Flye,  M.W:  Arth  and  Rheum  22,  1055,  1979. 

Karsh,  J.,  Klippel,  J.H.,  Plotz,  P.H.,  Decker,  J.L.,  Wright,  D.G.  and  Flye, 
M.W;  Lymphapheresis  in  rheumatoid  arthritis;  a  randomized  trial. 
Arthritis  Rheum,  In  press. 

Decker,  J.L.,  Karsh,  J.  and  Wilder,  RL;  Leukocytes  and  rheumatoid 
arthritis  -treatment  derived  concepts.  Compendium  of  XV  International 
Congress  of  Rheumatology,  Paris,  1981  -  In  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  therapeutic  efficacy  of  short-term  plasmapheresis  in  SLE  will  be  assessed  in  a 
double-blind  randomized  trial.  Patients  will  receive  either  h  liter  plasmapheresis  or 
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Project  Description: 

Objectives: 

Plasmapheresis  has  been  proposed  as  a  possible  alternative  or  adjunct  to 
corticosteroid  and  cytotoxic  drugs  in  the  management  of  patients  with 
acute  SLE.  The  benefit  from  plasmapheresis  is  based  on  the  theory  that 
inflammation  can  be  reduced  by  removal  of  immune  complexes  and/or 
autoantibodies.  While  uncontrolled  clinical  trials  suggest  the  benefit  of 
plasmapheresis  in  SLE,  alternative  explanations  are:  I)  the  beneficial 
effects  of  hospitalization;  2)  the  highly  variable  course  of  each  patient, 
regardless  of  therapy;  3)  the  placebo  effect  of  u  very  dramatic 
procedure.  To  determine  the  true  advantage  of  removal  of  plasma  we 
propose  a  comparison  of  two  groups  of  patients  differing  only  in  whether 
or  not  plasma  is  removed. 

Methods  Employed; 

Twenty  patients  with  SLE  meeting  predefined  clinical  criteria  for  entry 
into  the  study  will  be  randomized  to  undergo  either  4  liter  plasmapheresis 
or  reinfusion  apheresis.  The  patient  will  receive  their  randomized  therapy 
3  times  a  week  for  2  weeks.  Each  reinfusion  plasmapheresis  will  process  a 
blood  volume  equivalent  to  4  liters  of  plasma.  In  contrast,  the  plasma- 
pheresed  patients  will  not  be  reinfused  with  their  separated  plasma;  they 
will  receive  volume-for-volume  replacement  with  5%  albumin  in  normal 
saline.  A  clinical  examiner  unaware  of  the  type  of  assigned  therapy  will 
perform  several  assessments  of  lupus  activity  during  apheresis  and  for  4 
weeks  following  the  procedures.  Serum  levels  of  antibodies  to  DMA 
circulating  immune  complexes,  and  immunoglobulins  will  also  be  assessed 
for  the  6  week  period  of  therapy  and  follow-up. 

Major  Findings: 

To  date  20  patients  have  been  randomized  and  complete  data  on  16  are 
available.  Nine  patients  were  randomized  to  receive  plasmapheresis  and 
seven  patients  were  randomized  to  receive  reinfusion  apheresis.  One 
patient  from  each  wing  was  declared  a  treatment  failure  prior  to  the 
completion  of  6  procedures.  Plasmapheresis  produced  reductions  in  serum 
levels  of  antibodies  to  DNA,  circulating  immune  complexes  and  immuno- 
globulins. The  serologic  changes  tended  to  return  to  baseline  4  weeks 
following  apheresis  without  "hyperrebound."  No  adverse  clinical  effects 
of  plasmapheresis  were  detected.  The  changes  in  clinical  desease  activity 
were  of  similar  degree  in  SLE  patients  receiving  either  plasmapheresis  or 
reinfusion  apheresis. 
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Significance  to  Biomedical  Research  and  Program  of  the  Institute; 

The  study  has  shown  that  a  brief  course  of  plasmapheresis  has  distinct  effects  on 
serologic  measures  of  lupus  activity  but  has  no  advantage  over  placebo  in  the 
amelioration  of  clinical  features  in  patients  with  mild  to  moderate  SLE.  Further 
investigation  regarding  the  efficacy  of  plasmapheresis  in  a  more  intensive  setting 
(eg.  longer  courses  of  plasmapheresis  or  combination  of  plasmapheresis  'vith  other 
modalities)  should  be  carried  out  in  a  controlled  fashion. 

Proposed  Course; 

A  manuscript  reporting  the  findings  of  the  study  is  in  preparation.  We  do 
not  intend  to  extend  these  studies  further  at  this  time.  The  procedure 
will  occasionally  be  used  to  secure  large  volumes  of  plasma  samples  from 
consenting  patients. 

Publications: 

None 
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Project  Description: 

Objectives : 

Although  corticosteroids  are  the  historical  mainstay  of  treatment  for  lupus 
nephritis,  their  unfavorable  side-effects  have  prompted  continued  search  for 
modifications  of  doses  and  routines  of  administration  to  achieve  higher  therapeutic 
indices.   Following  widespread  use  in  treatment  of  transplant  rejection,  intermittent 
high-dose  pulse  corticosteroids  have  been  found  to  be  effective  in  treatment  of  SLE 
and  possibly  less  toxic  than  conventional  high-dose  daily  corticosteroids.   Search 
for  improved  therapeutic  indices  in  treatment  of  lupus  nephritis  has  also  led  to 
trials  of  immunosuppressive  drugs.   In  clinical  trials  to  date,  there  is  no 
convincing  evidence,  however,  that  conventional  oral  cyclophosphamide  or  azathio- 
prine  add  to  the  efficacy  of  corticosteroids  alone.   Preliminary  results  obtained 
in  ongoing  NIH  Protocol  //76A-140  suggest  that  intermittent  pulse  cyclophosphamide 
given  intravenously  every  3  months  has  a  low  incidence  of  side  effects  and  possibly 
greater  efficacy  than  conventional  corticosteroids  in  treating  lupus  nephritis. 

The  present  study  seeks  to  evaluate  regimens  of  corticosteroids  and  cyclophospha- 
mide similarly  administered  by  intravenous  pulse  doses  to  patients  with  active 
lupus  nephritis,  all  of  whom  will  be  receiving  a  basic  regimen  of  moderate-dose 
oral  corticosteroids.   In  order  to  avoid  the  morbidity  associated  with  conventional 
high-dose  corticosteroids  (eg.  prednisone  >_1.0  mg/kg/day  for  8-12  weeks),  the 
regimen  of  pulse  methylprednisolone  described  herein  will  be  considered  high-dose 
corticosteroid  treatment.   The  patients  receiving  pulse  corticosteroids  in  addi- 
tion to  baseline  oral  corticosteroids  will  be  defined  as  the  comparison  group  to 
which  the  experimental  groups  receiving  pulse  cyclophosphamide  will  be  compared. 
The  2  different  cyclophosphamide  regimens  were  chosen  to  a)  compare  the  relative 
efficacy  of  methylprednisolone  and  cyclophosphamide  and  b)  to  evaluate  the  efficacy 
of  long  term,  essentially  prophylactic  maintenance  cyclophosphamide  therapy. 

Methods  Employed: 

This  study  will  be  a  prospective  controlled  study  in  which  patients  will  be 
randomly  allocated  to  one  of  3  treatment  groups  (pulse  methylprednisolone  monthly 
for  6  months  or_  pulse  cyclophosphamide  monthly  for  6  months  or_  pulse  cyclophos- 
phamide monthly  for  6  months  followed  by  pulse  cyclophosphamide  every  3  months 
for  an  additional  2  years). 

The  study  will  be  analyzed  at  6  and  30  months  for  the  following  outcome  variables: 
1)  renal  failure,  2)  renal  functional  deterioration,  3)  deterioration  of  renal  biopsy 
pathology  and  4)  rates  of  major  complications  of  treatment  in  each  group. 

Significance  to  Bio-Medical  Research  and  the  Program  of  the  Institute: 

Although  the  prognosis  of  lupus  glomerulonephritis  has  impoved  substantially 
over  the  past  2  decades,  a  continued  search  for  more  effacious  and  simultaneously 
less  toxic  drug  therapy  is  needed  in  the  management  of  this  disease.   Preliminary 
experience  has  been  most  encouraging  in  the  use  of  high-dose  intermittent  drug 
therapy,  as  described  in  this  protocol,  in  regard  to  maximizing  efficacy  and 
minimizing  side  effects, 
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Proposed  Course: 

This  study  is  expected  to  enter  60  patients  over  a  4  year  period  each  of 
whom  will  be  treated  and  followed  over  a  30  month  protocol  period. 

Publications : 

None 
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METABOLIC  DISEASES  BRANCH 

The  general  goals  of  Che  Branch  are  to  investigate  the  structure,  secretion 
and  biochemical  mechanism  of  action  of  hormones  governing  ion  transport  and 
mineral  metabolism  and  to  apply  the  knowledge  gained  to  understanding  and 
treating  related  clinical  disorders.   Current  investigations  include  hormone- 
receptor  interaction,  mechanism  of  receptor  and  guanine  nucleotide  control 
of  adenylate  cyclase,  cyclic  AMP  control  of  ion  transport,  and  regulation  of 
parathyroid  hormone  secretion.   Systems  under  study  include  6-adrenergic  receptors 
in  several  tissue,  isolated  parathyroid  cell  systems  and  skeletal  and  renal 
tissue.   Clinical  studies  on  hyperparathyroidism  and  pseudohypoparathyroidism 
continue  to  utilize  extensively  the  research  findings  from  the  laboratory. 
Radioimmunoassays  for  parathyroid  hormone  have  been  applied  to  determine 
the  hormone  in  samples  obtained  selectively  by  venous  catheterization,  thereby 
allowing  localization  of  parathyroid  adenomas.   Further  studies  make  use 
of  urinary  cyclic  AMP  clearance  as  a  clinical  parameter  of  parathyroid  hormone 
action.   Another  investigation  takes  advantage  of  the  autologous  parathyroid 
transplant  program  developed  in  collaboration  with  the  Surgery  Branch,  NCI. 
Autologous  transplants  to  the  arm  allow  direct  sampling  of  draining  veins 
for  parathyroid  hormone  secretion  in  man  under  conditions  wherein  the  tissue 
can  be  selectively  challenged  with  potential  secretagogues  or  inhibitors 
of  parathyroid  secretion. 

B-Adrenergic  Receptor  of  the  Avian  Erythrocytes. 

Interactions  of  catecholamines  with  6-adrenergic  receptors  and  activation 
of  adenylate  cyclase  are  under  study  with  the  plasma  membranes  of  turkey 
erythrocytes  and  other  cell  systems.   Specific  receptors  have  now  been  identified 
on  turkey  erythrocytes,  parathyroid  cells,  pineal  cells,  rat,  guinea  pig 
and  monkey  lung  membrane  preparations  and  rat  liver  membranes. 

6-Adrenergic  receptor  sites  are  identified  using  a  radioiodinated  6-blocker 
iodo-hydroxybenzylpindolol.   A  series  of  6-adrenergic  agonists  and  inhibitors 
compete  for  binding  with  affinities  paralleling  biological  effectiveness 
as  activators  or  inhibitors  of  catecholamine-stimulated  adenylate  cyclase. 
Receptor  occupancy  for  agonists  correlates  with  function  (cyclic  AMP  production). 
The  stereospecif icity  of  interaction  with  the  iodinated  6-blocking  agent 
and  the  correspondence  between  affinity  and  biological  effectiveness  indicate 
that  binding  of  iodohydroxybenzylpindolol  validly  reflects  interaction  with 
the  6-adrenergic  receptor. 

Receptors  for  Calcitonin  and  Parathyroid  Hormone 

Studies  in  collaboration  with  Dr.  T.  Murray  (St.  Michael's  Hospital, 
Toronto)  have  led  to  development  of  radiolabeled  intact  bovine  parathyroid 
hormone  as  a  ligand.   This  material  binds  to  receptors  in  canine  renal  plasma 
membranes  with  kinetic  properties  distinct  from  those  of  radiolabeled  synthetic 
amino  terminal  bioactive  fragments.   Thus  the  new  ligand  should  prove  useful 
for  evaluating  PTH-receptor  interactions  of  the  native  hormone. 
[Drs.  Marx,  Aurbach  and  Rizzoli] 
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Guanine  Nucleotide  Regulatory  Protein 

Studies  on  the  role  of  guanine  nucleotides  in  the  control  of  adenylate 
cyclase  activity  are  continuing.   Guanine  nucleotides  enhance  catecholamine- 
stimulated  adenylate  cyclase  activity  in  turkey  erythrocyte  membranes. 
This  action  is  mediated  by  a  guanine  nucleotide  binding  regulatory  protein 
which  is  distinct  from  the  receptor  and  the  catalytic  unit  of  adenylate 
cyclase.   In  the  turkey  erythrocyte  membrane  system,  exchange  of  guanine 
nucleotides  bound  to  the  regulatory  protein  is  strictly  dependent  on 
the  action  of  hormone  (B-adrenergic  agonists).   However,  treatment  of 
membranes  with  isoproterenol  and  GMP  (a  nucleotide  bound  with  low  affinity) 
permits  later  hormone-dependent  activation  and  manipulation  of  the  regulatory 
protein.   After  isoproterenol  and  GMP  treatment,  the  guanine  nucleotide 
regulatory  protein  is  extracted  from  the  membrane  by  Lubrol  PX,  and 
adsorbs  to  a  GTP  affinity  matrix,  from  which  it  is  eluted  by  high  concentra- 
tions of  guanine  nucleotides.   The  regulatory  protein,  purified  50- 
100  fold  by  affinity  adsorption,  restores  both  guanine  nucleotide-  and 
fluoride-responsive  adenylate  cyclase  activity  to  membranes  from  a  mutant 
(CYC  )  strain  of  S49  mouse  lymphoma  which  lacks  the  regulatory  protein. 

The  guanine  nucleotide  regulatory  protein  from  turkey  erythrocytes 
is  covalently  radiolabeled  by  the  cholera  toxin-catalyzed  transfer  of 
[   PjADP-ribose  from  [   P]NAD  to  a  42,000  M  subunit  of  the  regulatory 
protein.   [   P]ADP-ribosylation  permits  detection  of  the  regulatory 
protein  during  detergent  extraction,  affinity  purification,  sucrose 
gradient  centrifugation,  and  manipulations  which  cause  inactivation  of 
the  regulatory  protein.   Radiolabeling  of  the  regulatory  protein  should 
permit  more  accurate  quantitation  of  enrichment  during  purification. 
Similar  techniques  applied  to  human  tissue  may  permit  detection  of  quantita- 
tive and  qualitative  alteration  in  hormone-resistant  states  such  as 
pseudohypoparathyroidism. 

Changes  in  the  nature  of  the  guanine  nucleotide  bound  to  the  regulatory 
unit  influence  fluoride-stimulated  adenylate  cyclase  activity.   Incubation  of 
turkey  erythrocyte  membranes  with  isoproterenol  and  GMP  clears  many 
of  the  regulatory  sites  of  tightly  bound  GDP,  substituting  GMP.   Fluoride- 
stimulated  adenylate  cyclase  activity  declines  during  isoproterenol 
and  GMP  treatment,  but  is  restored  by  addition  of  GTP  or  GDP.   Studies 
performed  with  the  GDP  analogs  GP(CH)  P  and  GDP-  -S,  and  direct  analysis 
of  the  nucleotides  bound  at  isoproterenol-dependent  regulatory  sites 
during  fluoride  activation,  indicate  that  fluoride  does  not  enhance 
conversion  of  GDP  to  GTP  at  regulatory  sites,  nor  does  it  inhibit  hydrolysis 
of  GTP  to  GDP.   Also,  exchange  of  guanine  nucleotide  bound  to  the  regulatory 
protein  with  nucleotides  in  the  medium  does  not  occur  during  enzyme 
activtion  by  fluoride. 

Studies  with  partially  purified,  affinity  eluted,  guanine  nucleotide 
regulatory  protein  confirm  that  fluoride  stimulation  of  adenylate  cyclase 
depends  on  the  guanine  nucleotide  bound  to  the  regulatory  unit.   Regulatory 
protein  eluted  with  either  GTP  or  GDP  restores  fluoride-stimulated  enzyme 
activity  to  the  S49  CYC   acceptor,  but  regulatory  protein  eluted  with 
GMP  restores  fluoride-stimulated  activity  only  when  GTP  or  GDP  were 
added,  indicating  that  the  guanine  nucleotide  regulatory  protein,  and 
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an  appropriate  nucleotide,  are  necessary  for  fluoride-stimulated  adenylate 
cyclase  activity. 

32 
Cholera  toxin  catalyzes  [   P]ADP-ribosylation  of  the  42K  subunit  of 

the  G  unit.   Limited  proteolysis  generates  fragments  detected  by  autoradiography 

after  SDS-gel  electrophoresis.   Unique  proteolytic  fragments  are  generating 

depending  upon  whether  an  active  (e.g.  GTP-Y-S)  or  inactive  (e.g.  GDP) 

guanine  nucleotide  is  bound  to  the  G  unit.   Identical  results  are  obtained 

with  membranes  possessing  the  catalytic  unit  and  with  affinity  eluate, 

lacking  catalytic  unit.   These  results  point  to  a  guanine  nucleotide-directed 

change  in  conformation  of  the  G  unit  and  correspond  to  changes  in  apparent 

size  of  the  G  unit  (as  assessed  by  sucrose  density  gradient  centrifugation) 

induced  by  GDP  vs  GTP-Y-S. 

[Drs.  Spiegel,  Downs,  Levine  and  Aurbach,  NIADDKD] 

Vanadate,  an  anion  with  important  effects  on  Na,  K-ATPase,  also  stimulates 
adenylate  cyclase.   We  have  shown  that  as  with  fluoride,  stimulation  by 
vanadate  requires  the  G  unit.   Vanadate  and  fluoride  stimulation  differ, 
however,  in  their  susceptibility  to  inhibition  by  cholera  toxin  and  the 
GDP  analog  GDP-B-S. 

The  mechanism  of  calcium  inhibition  of  adenylate  cyclase  was  studied 
using  partially  separated  components  of  the  enzyme  complex  and  analysis 
of  free  calcium  concentration.   The  K.  for  inhibition  of  the  enzyme  by 
free  calcium  was  2.48  x  10  M.   Calcium  did  not  affect  hormone-stimulated 
guanine  nucleotide  exchange,  conformation  of  the  activated  regulatory 
(G  unit)  protein  or  of  the  catalytic  unit.   Neither  did  calcium  affect 
dissociation  of  activated  G  unit  from  catalytic  unit  nor  convert  activated 
catalytic  unit  to  an  inactive  form.   Evidence  was  found  that  calcium 
inhibits  the  catalytic  subunit  of  adenylate  cyclase  by  direct  competition 
with  manganese  for  its  regulatory  site. 

Pseudohypoparathyroidism 

The  molecular  defect  in  pseudohypoparathyroidism  (PHP)  has  been  investigated 
using  techniques  adapted  from  basic  studies  on  the  turkey  erythrocyte 
adenylate  cyclase  complex.   Patients  with  PHP  can  be  divided  into  two 
phenotypes,  i.e.  those  showing  features  of  Albright's  hereditary  osteodystrophy 
(+AHO)  and  those  lacking  such  features  (-AHO) .   We  have  assayed  the  guanine 
nucleotide  regulatory  unit  (G  unit)  in  red  cell  membranes  from  about  30 
patients  with  PHP  and  found  that  +AHO  patients  generally  show  a  50%  reduction 
in  functional  G  unit  while  -AHO  patients  show  a  normal  G  unit  complement. 
This  finding  suggests  that  in  PHP  +AHO  patients  a  deficiency  in  functional 
G  units  affects  all  cells  and  should  cause  generalized  hormone  resistance 
rather  than  resistance  to  PTH  alone.   Evidence  confirming  this  hypothesis 
has  been  obtained  in  ^  vivo  studies  of  patients  with  PHP  +  and  -AHO. 
The  former,  for  example,  show  resistance  to  TSH  and  glucagon  while  the 
latter  in  general  do  not. 
[Drs.  Spiegel,  Levine,  Downs,  Marx  and  Aurbach] 

Primary  Hyperparathyroidism  and  Familial  Hypercalcemia 

Clinical  studies  are  continuing  on  primary  hyperparathyroidism  and 
its  familial  variants.  Detailed  family  screening  and  case  finding  has 
produced  41  kindreds  for  analysis.   These  studies  have  allowed  segregation 
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of  the  familial  variants  into  two  apparently  distinct  disease  syndromes  - 

familial  multiple  endocrine  adenomatosis  (MEN  I)  and  familial  hypocalciuric 

hypercalcemia  (FHH) .   FHH  was  distinguished  from  MEN  I  by  1)  virtually  a 

100%  penetrance  for  hypercalcemia  before  age  20,  2)  milder  clinical  manifestations 

low  incidence  of  recurrent  nephrolithiasis  or  recurrent  peptic  ulceration, 

3)  no  hypercalciuria,  4)  normal  basal  concentrations  of  gastrin,  and  5)  poor 

response  to  subtotal  parathyroidectomy.   Distinction  between  the  two  syndromes, 

both  inherited  as  autosomal  dominant  traits,  is  important  because  in  FHH 

the  clinical  course  is  generally  milder  and  subtotal  parathyroidectomy  is 

less  likely  to  be  beneficial.   FHH  accounts  for  approximately  10%  of  all 

unsuccessful  parathyroidectomies  in  hypercalcemia.   In  FHH  the  ionized  and 

ultraf iltrable  calcium  concentration  in  serum  is  elevated  in  proportion 

to  the  increase  in  total  calcium.   In  these  patients  the  filtrable  load 

of  calcium  is  high  in  association  with  a  marked  decrease  in  renal  calcium 

clearance.   The  concentration  of  parathyroid  hormone  in  plasma  is  lower 

in  patients  with  FHH  than  in  typical  primary  hyperparathyroid  patients  with 

similar  degrees  of  hypercalcemia  whether  assessed  by  PTH  radioimmunoassay 

or  by  renal  clearance  of  cAMP  or  phosphate.   The  parathyroid  glands  show 

hyperplasia  in  most  cases.   The  plasma  and  urine  cAMP  response  to  PTH  infusion 

is  greater  in  FHH  than  in  typical  primary  hyperparathyroidism.   Even  when 

these  patients  become  surgically  hypoparathyroid,  the  low  renal  clearance 

of  calcium  is  strikingly  persistent  during  calcium  infusion. 

[Drs.  Marx,  Spiegel,  Downs,  Levine,  Lasker  and  Aurbach] 

Studies  on  modes  of  localizing  parathyroid  tumors  continue.   A  high  degree 
of  success  has  been  obtained  in  localizing  tumors  through  vascular  catheterization 
procedures.   Parathyroid  arteriography  developed  and  performed  by  Dr.  John 
Doppman  afforded,  in  approximately  45%  of  cases  tested,  the  identification 
of  abnormal  masses  of  tissue  subsequently  identified  as  parathyroid.   Confirma- 
tion of  the  mass  thus  identified  as  parathyroid  tissue  can  be  accomplished 
by  verifying  high  concentrations  of  parathyroid  hormone  by  radioimmunoassay 
in  veins  draining  the  lesion.   Draining  vessels  contain  concentrations  of 
hormone  2-  to  20-fold  or  more  greater  than  the  concentration  of  parathyroid 
hormone  detected  by  immunoassay  in  the  peripheral  plasma.   In  cases  with  single 
adenomas,  this  concentration  ratio  is  greatest  selectively  in  the  one  vein 
draining  the  lesion.  This  technique  utilizing  specific  radioimmunoassays  and 
selective  catheterization  is  applicable  also  to  determining  the  source  of 
hormone  in  ectopic  hyperparathyroidism  produced  by  non-parathyroid  cancers. 
Localization  of  anterior  mediastinal  parathyroid  adenomas  has  become  possible 
using  computed  tomography.   Eight  mediastinal  adenomas  have  been  treated  nonsurgi- 
cally  by  percutaneous  injection  via  catheter  occlusive  agents  into  the  arterial 
blood  supply  with  7  complete  and  one  partial  remissions. 

A  new  series  of  radioligands  for  parathyroid  hormone  radioimmunoassay 
has  been  developed,  using  synthetic  sequences  and  analogs  from  the  midregion 
of  human  PTH.   These  reagents  have  led  to  development  of  sensitive  and  practical 
radioimmunoassays.   Using  these  assays  and  gel  filtration  of  plasmas,  we  have 
demonstrated  that  certain  hyperfunctioning  parathyroid  glands  release  a  previously 
unrecognized  large  PTH  fragment  containing  the  midregion  but  deficient  in 
carboxy terminal  immunoreactivity. 

Although  results  with  parathyroid  radionuclide  imaging  after  intravenously 
administered  [   Se]-selenomethionine  have  been  disappointing,  we  have  been 
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obtaining  parathyroid  scans  after  administering  this  isotope  intraarterially 
during  parathyroid  arteriography.   Several  cases  wherein  cannulation  of  most 
of  the  important  vessels  potentially  supplying  the  parathyroids  was  possible 
have  shown  correctly  localizing  scans  although  careful  interpretations  are 
necessary  to  avoid  false  positives.   This  technique  appears  to  be  especially 
useful  in  those  patients  with  juxta-  or  intra-thyroidal  adenomas  even  when 
arteriography  is  ineffective.   Radionuclide  images  are  often  positive  because 
suppression  of  the  thyroid  with  triiodothyronine  prior  to  scanning  improves 
the  specificity  of  the  parathyroid  scan  but  not  of  the  arteriogram. 
[Drs.  Marx,  Spiegel,  Downs,  Stock  and  Aurbach,  NIADDKD:  Dr.  Doppman,  Radiology 
Department,  C.C:  Dr.  L.  E.Mallette,  V.  A, Hospital,  Houston,  Texas] 

We  have  studied  a  patient  with  parathyroid  carcinoma  who  showed  markedly 
elevated  serum  concentrations  of  the  glycoprotein  hormone  subunits  hCG-ci  and 
hCG-6,  which  fell  dramatically  after  surgical  removal  of  malignant  tissue. 
Screening  of  a  large  number  of  patients  with  different  forms  of  hyperparathyroid- 
ism has  shown  these  subunits  to  be  a  marker  for  malignancy  in  parathyroid 
disease  or  for  islet  cell  involvement  in  familial  multiple  endocrine  adenomatosis 
(MEN  I). 

[Drs.  Marx,  Spiegel,  Downs  and  Aurbach,  MDB,  NIADDKD;  Drs.  Weintraub  and  Rosen, 
CEB,  NIADDKD] 

The  role  of  l,25(OH)  D  ,  the  most  potent  natural  metabolite  of  cholecalcif erol, 
has  been  assessed  in  hypocalcemic  states.   We  have  discovered  a  family  with 
a  unique  disturbance  of  calciferol  metabolism.   Two  siblings  have  rickets 
and  osteomalacia  attributable  to  decreased  target  tissue  sensitivity  to 
l,25(OH)  D.   li/hen  maintenance  of  serum  concentrations  of  l,25(OH)  D  with 
appropriate  calciferol  analogs  at  concentrations  approximately  20-fold  normal, 
allows  full  control  of  the  disorder.  One  of  these  patients  was  monitored 
during  the  course  of  her  first  pregnancy.   The  fetus  developed  normally  even 
though  1,25 (OH) „D^  levels  were  extraordinarily  high  in  maternal  and  cord 
blood. 

[Drs.  Marx,  Spiegel  and  Downs,  NIADDKD:  Dr.  C.  Eil,  U.S. Naval  Medical  Center: 
Drs.  Hamstra  and  DeLuca,  University  of  Wisconsin] 

Cultured  fibroblasts  from  normal  human  skin  take  up  1,25  (OH) ^D~  into 
the  nucleus  via  a  process  mediated  by  specific  receptors.   Normal  cells  have 
a  mean  of  10,000  nuclear  receptor  sites  per  cell. 

Analogous  studies  with  cells  cultured  from  four  members  of  two  families 
(one  family  manifesting  the  disease  together  with  total  alopecia)  with  target 
insensitivity  to  calciferol  revealed  grossly  deficient  nuclear  uptake. 
[Drs.  Marx,  Liberman,  Eil,  Hamstra,  DeLuca  and  Rosen] 

Skin  fibroblasts  were  cultured  from  patients  with  1, 25-dihydroxy  D[l,25(OH)  D] 
resistant  osteomalacia.   The  cultured  cells  were  tested  for  uptake  of  labeled 
l,25(OH)  D.   Uptake  was  markedly  reduced  in  cells  from  affected  subjects. 
A  1,25 (OH) „D  receptor  defect  seems  to  explain  vitamin  D  metabolite-resistant 
osteomalacia  in  these  cases. 
[Drs.  Marx,  Liberman  and  Eil] 
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Rapid  determination  of  intraoperative  U  .„„  excretion  (using  the  Gammaflo 
machine  for  <7  min  cAMP  radioimmunoassay)  has  proven  to  be  a  valuable  tool 
in  guiding  surgery  for  primary  hyperparathyroidism.   Persistent  elevation 
of  U     requires  continued  search  for  abnormal  tissue  even  after  1  or  more 
abnormal  glands  have  been  removed.   A  rapid  (mean  1.5  hours)  drop  in  U 

p  yVNTp 

to  the  normal  range  obviates  the  need  for  continued  exploration  even  in  cases 

where  histologic  confirmation  of  parathyroidectomy  is  lacking.  Spurts  in 

U  ^^   above  baseline  may  provide  a  clue  to  the  location  of  abnormal  parathyroid 

tissue. 

[Drs.  Spiegel,  Marx,  Downs  and  Aurbach,  NIADDKD:  Drs.  Saxe  and  Brennan,  NCI 

Surgery] 

Determination  of  urinary  cAMP  excretion  postoperatively  in  patients  undergoing 
neck  exploration  for  primary  hyperparathyroidism  is  a  useful  method  for  assessing 
postoperative  parathyroid  function,   U  .    excretion  declines  postoperatively 
in  all  patients  in  whom  hypercalcemia  xs  corrected  but  not  in  those  with 
persistent  hypercalcemia.   In  patients  becoming  severely  hypocalcemic  (and 
requiring  vitamin  D  therapy)  postoperatively,  U     measurement  enables 
one  to  distinguish  patients  with  decreased  parathyroid  reserve  as  the  cause 
for  hypocalcemia  (low  U     excretion)  from  patients  with  healing  osteitis 
fibrosa  ("hungry  bones")  as  the  basis  for  hypercalcemia.   U     in  the  latter 
group  is  often  elevated  but  can  be  suppressed  if  serum  calcxum  is  normalized. 
Elevated  U     excretion  postoperatively  in  the  face  of  hypocalcemia  enables 
one  to  predict  that  vitamin  D  therapy  will  be  required  temporarily  and  precludes 
the  need  for  parathyroid  autografts. 
[Drs.  Spiegel,  Marx,  Downs,  Levine,  Lasker  and  Aurbach,  NIADDKD] 

Studies  have  continued  with  dispersed  bovine  and  human  parathyroid  cells. 
PTH  secretion  from  parathyroid  glands  2:n  vivo  and  cells  rn  vitro  is  inhibited 
by  calcium.   Calcium  may  also  modulate  synthesis  and  degradation  of  PTH. 
This  control  exerted  by  calcium  may  be  changed  in  certain  pathologic  states 
(glandular  adenomas,  carcinomas  and  perhaps  hyperplasia).   Several  earlier 
studies  have  strongly  suggested  that  cAMP  is  an  intracellular  mediator  of 
PTH  secretion;  agents  which  alter  cellular  cA>lP  change  PTH  secretion  in 
the  same  direction.   Calcium  decreases  cellular  cAMP  although  some  of  its 
effects  may  be  independent  of  cAMP.   The  adenylate  cyclase  of  the  parathyroid 
cell  is  a  potential  regulatory  site  for  the  action  of  calcium.   Adenylate 
cyclase  in  homogenates  of  dispersed  parathyroid  cells  shows  sensitivities 
to  Ca  (1/2  maximal  inhibition  at  approximately  0.2  mM  added  calcium)  that 
are  similar  in  human  parathyroid  adenomas,  carcinomas  or  hyperplastic  glands 
and  like  that  of  normal  bovine  glands.   There  was  no  correlation  between 
the  in  vitro  calcium  suppressibility  of  PTH  release  by  dispersed  cells  (several 
of  the  adenomas  and  the  one  carcinoma  were  not  suppressed  by  high  extracellular 
calcium)  and  the  sensitivity  of  the  adenylate  cyclase  in  the  broken  cell 
preparation.   This  suggests  that  the  adenylate  cyclase  responsiveness  to 
calcium  is  not  the  site  of  derangement  in  these  pathological  states. 

Dopamine-responsive  adenylate  cyclase  was  identified  and  studied  in  a 
particulate  preparation  of  bovine  parathyroid  cells.   Dopaminergic-specif ic 
agonists  and  antagonists  and  not  adrenergic  agents  selectively  interacted 
with  this  dopamine-responsive  system.   These  studies  established  that 
dopamine-mediated  cAMP  generation  and  parathyroid  hormone  release  are 
affected  by  stimulating  adenylate  cyclase  in  the  bovine  parathyroid  cell. 
[Drs.  Attie,  Brown,  Gardner,  Spiegel  and  Aurbach] 
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Humoral  Hypercalcemia  of  Malignancy 

A  Leydig  cell  transplantable  tumor  causes  hypercalcemia  in  rats.   cAMP 
is  increased  in  the  urine  of  the  tumor-bearing  animals  but  plasma  PTH  is 
undetectable.   Thus  hypercalcemia  apparently  can  be  attributed  to  a 
non-parathyroid  tumor  factor  that  may,  like  parathyroid  hormone,  act 
through  the  adenylate  cyclase-cyclic  A>rP  system.   This  humoral  factor, 
whose  identity  we  wish  to  establish,  presumably  causes  hypercalcemia  by 
resorption  of  bone.   Tumor  cells  cultured  In  vitro  elaborate  into  the 
medium,  a  bone  resorbing  substance. 
[Drs.  Spiegel,  Saxe,  Deftos,  Heersche,  Downs,  Marx  and  Aurbach] 

Clinical  Studies  in  Osteoporosis 

The  cooperative  study  in  Jerusalem  of  300  ambulatory  patients  with 
osteoporosis  is  nearly  complete.    Preliminary  analysis  of  the  trial  of 
high  calcium,  high  phosphate  and  sodium  fluoride  has  revealed  the  following: 
a  decrease  in  bone  density  was  observed  in  30  percent  of  the  osteoporotic 
patients  treated  with  placebo  for  3  years;  no  decrease  in  bone  density  was 
observed  in  the  osteoporotic  patients  receiving  CaHPO   and  NaF  for  2  years, 
and  in  19  percent  of  this  group  slight  increase  in  bone  density  was  seen. 

The  Physics  Department  of  Hadassah  Medical  Organization  has  been 
involved  in  developing  the  relatively  new  technique  of  Compton  Scattering 
for  measurement  of  bone  density  and  has  made  a  comparative  study  of  it 
with  photon  absorptiometry.   For  Compton  Scattering,  the  coefficient  of 
variation  among  individuals  was  less  than  for  photon  absorptiometry,  and 
the  Compton  Scattering  technique  detected  a  significant  difference  in 
bone  density  between  osteoporotic  and  non-osteoporotic  patients. 
[Drs.  Aurbach,  Whedon,  Marx,  Spiegel  and  Shapiro] 
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Objectives :  To  investigate  the  factors  influencing  mineral  storage  and  loss 
in  demineralizing  bone  diseases. 

Methods  Employed:   (1)  Estimation  of  bone  density  in  the  radius  by  photon 
absorptiometry  and  by  Compton  Scattering.   (2)  Estimation  of  intestinal 
absorption  of  calcium  by  oral  administration  of  tracer  doses  of   Ca.   (3) 
Tests  of  fluoride  tolerance. 

Major  Findings:   The  cooperative  study  between  investigators  in  NIADDK  and 
members  of  the  staff  of  Hadassah  Medical  School-Hebrew  University  involving 
approximately  300  ambulatory  patients  with  osteoporosis  in  Jerusalem  is  now 
in  its  eighth  year  and  nearing  completion.   Accession  of  new  patients  has 
been  stopped.   By  a  combination  of  dietary  survey,  X-ray,  bone  mineral  content, 
medical  history  and  other  methods,  considerable  information  on  the  natural 
history  of  osteoporosis  is  anticipated;  in  addition,  a  double-blind  study 
is  being  made  of  the  possible  value  of  oral  administration  of  high  calcium, 
high  phosphate  and  fluoride  in  treatment  of  osteoporosis.   At  the  dosage 
of  fluoride  being  used,  20  mg  F  per  day,  undesirable  side  effects  have  been 
very  low.   Although  the  number  of  patients  either  medically  unfit  for  the 
study  or  unwilling  to  cooperate  has  been  much  higher  than  expected,  once 
entered  into  active  study  the  drop-out  rate  has  been  moderate.   Preliminary 
analysis  of  the  data  has  revealed  the  following:   a  decrease  in  bone  density 
was  observed  in  30  percent  of  the  osteoporotic  patients  treated  with  placebo 
for  3  years;  no  decrease  in  bone  density  was  observed  in  the  osteoporotic 
patients  receiving  CaHPO  and  NaF  for  2  years,  and  in  19  percent  of  this 
group  slight  increase  in  bone  density  was  seen. 

In  association  with  this  project,  members  of  the  Physics  Department,  Hadassah 
Medical  Organiztion,  are  being  supported  in  the  development  of  a  relatively 
new  technique  of  bone  densitometry,  Compton  Scattering,  which  it  is  hoped 
may  be  applied  to  the  spine,  a  most  difficult  location  in  which  to  make  such 
measurements,  yet  the  most  critical  for  assessment  of  the  status  of  osteoporosis. 
A  comparative  study  has  been  made  in  the  distal  radius  of  this  technique 
(BD)  with  bone  mineral  content  (BMC)  measured  by  photon  absorptiometry. 
The  coefficient  of  variation  fron  individual  to  individual  was  low  in  BD, 
higher  with  BMC.   In  comparing  measurements  by  the  two  methods  between  non- 
osteoporotic  subjects  and  definitely  osteoporotic  subjects  (diagnosed  by  clinical 
grading  of  radiographs),  the  difference  between  the  two  groups  was  highly 
significant  by  BD  and  not  significant  by  BMC. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

There  is  still  much  to  be  learned  about  the  nature  of  circulating  parathyroid 
hormone  in  clinical  disease.   It  is  the  purpose  of  this  project  to  study  the 
function  and  mechanism  of  action  of  parathyroid  hormone,  study  its  relationship 
to  human  disease,  and  develop  clinically  useful  tests  for  circulating  parathyroi|d 
hormone.   From  these  studies  it  is  expected  that  one  can  understand  the  patho- 
physiology of  certain  metabolic  diseases  of  bone  and  endocrine  disturbances. 
The  entire  structures  of  bovine,  porcine  and  human  parathyroid  hormone  have 
been  determined.   Synthetic  polypeptides  representing  the  first  34  residues 
of  bovine  and  human  parathyroid  hormone  have  been  prepared.   These  molecules 
show  all  the  biological  properties  of  the  native  hormonal  polypeptide.   Highly 
sensitive  radioimmunoassays  for  the  hormone  have  been  developed  and  are  being 
modified  further  for  improved  clinical  diagnostic  parameters.   Studies  show 
that  the  mechanism  of  action  of  the  hormone  is  mediated  through  direct  hormonal 
activation  of  adenylate  cyclase  in  bone  and  kidney.   An  isolated  parathyroid 
cell  system  has  been  developed  that  allows  studies  of  secretagogues  for  para- 
thyroid hormone. 
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Objectives :   To  study  chemical  properties  and  structure  of  parathyroid 
hormone;  to  relate  chemical  properties  and  structure  to  biological  activity 
and  to  study  the  mechanism  of  action  of  the  hormone;  to  develop  valid  radio- 
receptor assays  for  the  hormone;  to  develop  clinically  useful  tests  for 
circulating  parathyroid  hormone;  to  study  the  physiological  regulation 
of  secretion  of  the  hormone. 

Methods  employed:   The  hormone  is  assayed  in  vivo  in  rats,  in  vitro  by 
measuring  hormonal  activation  of  adenylate  cyclase,  or  by  a  highly  sensitive 
radioimmunoassay.   Adenylate  cyclase  is  measured  by  determining  conversion 
of  ct-  "P- labeled  ATP  to  cyclic  3 ',5 '-AMP.   The  hormone  is  iodinated  by 
electrolytic  or  enzymatic  methods.   Endogenous  concentration  of  cyclic 
3 ',5 '-AMP  or  cyclic  3',5'GMP  is  determined  by  radioimmunoassay. 

Major  findings:  mechanism  of  action.   Our  earlier  studies  showed  that 
the  parathyroid  status  of  animals  is  an  important  factor  regulating  excretion 
of  cyclic  AMP  in  the  urine.   This  finding  led  to  development  of  the  thesis 
that  cyclic  AMP  is  involved  in  the  mediation  of  parathyroid  hormone  action. 
Subsequent  work  showed  that  parathyroid  hormone  in  vitro  activates  adenylate 
cyclase  in  the  kidney  as  well  as  in  bone,  the  two  organs  known  to  be 
physiological  receptors  for  action  of  the  hormone.   Adenylate  cyclase 
in  the  kidney  is  found  in  two  different  anatomic  zones;  adenylate  cyclase 
in  the  cortex  responds  specifically  to  parathyroid  hormone  whereas  that 
in  the  medulla  responds  to  vasopressin.   This  work  and  numerous  corroborative 
studies  in  other  laboratories  established  that  the  receptor  for  parathyroid 
hormone  in  kidney  resides  within  the  renal  cortical  tubule  as  had  been 
suspected  but  not  proven  from  indirect  in  vivo  physiological  experiments. 
Recent  studies  suggest  that  it  is  possible  to  iodinate  parathyroid  hormone 
electrolytically  to  provide  a  useful  ligand  for  use  in  radioreceptor 
systems.   Using  this  biologically  active  radioligand,  receptors  for  native 
bPTH-(l-84)  have  been  characterized  in  purified  canine  renal  cortical 
membranes.   These  receptors  are  saturable,  specific  and  coupled  to  the 
adenylate  cyclase  enzyme.   Moreover,  direct  evidence  with  this  system 
indicates  that  cleavage  of  parathyroid  hormone  aminoterminal  to  residue 
43  is  not  required  for  binding  in  renal  tissue. 
[Drs.  Murray,  Rizzoli  and  Aurbach] 

Human  parathyroid  hormone.   Previous  studies  on  this  project  led  to  complete 
analysis  of  the  structure  of  human  and  bovine  parathyroid  hormones.   Synthetic 
polypeptides,  agonists  as  well  as  antagonists,  are  now  available  as  a 
result  of  this  research. 

Studies  have  continued  with  dispersed  bovine  and  human  parathyroid  cells. 
PTH  secretion  from  parathyroid  glands  in  vivo  and  cells  in  vitro  is  inhibited 
by  calcium.   Calcium  may  also  modulate  synthesis  and  degradation  of  PTH. 
This  control  exerted  by  calcium  may  be  changed  in  certain  pathologic 
states  (glandular  adenomas,  carcinomas  and  perhaps  hyperplasia).   Several 
earlier  studies  have  strongly  suggested  that  cAMP  is  an  intracellular 
mediator  of  PTH  secretion;  agents  which  alter  cellular  cAMP  change  PTH 
secretion  in  the  same  direction.   Calcium  decreases  cellular  cAMP  although 
some  of  its  effects  may  be  independent  of  cAMP.   The  adenylate  cyclase 
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of  the  parathyroid  cell  is  a  potential  regulatory  site  for  the  action 
of  calcium.   Adenylate  cyclase  in  homogenates  of  dispersed  parathyroid 
cells  shows  sensitivities  to  Ca  (1/2  maximal  inhibition  at  approximately 
0.2  mM  added  calcium)  that  are  similar  in  human  parathyroid  adenomas, 
carcinomas  or  hyperplastic  glands  and  like  that  of  normal  bovine  glands. 
There  was  no  correlation  between  the  in  vitro  calcium  suppressibi] ity 
of  PTH  release  by  dispersed  cells  (several  of  the  adenomas  and  the  one 
carcinoma  were  not  suppressed  by  high  extracellular  calcium)  and  the 
sensitivity  of  the  adenylate  cyclase  in  the  broken  cell  preparation. 
This  suggests  that  the  adenylate  cyclase  responsiveness  to  calcium  is 
not  the  site  of  derangement  in  these  pathological  states. 

Dopamine-responsive  adenylate  cyclase  was  identified  and  studied  in  a 
particulate  preparation  of  bovine  parathyroid  cells.   Dopaminergic-specif ic 
agonists  and  antagonists  and  not  adrenergic  agents  selectively  interacted 
with  this  dopamine-responsive  system.   These  studies  established  that 
dopamine-mediated  cAMP  generation  and  parathyroid  hormone  release  are 
effected  by  stimulating  adenylate  cyclase  in  the  bovine  parathyroid  cell, 
[Drs .  Attie,  Brown,  Gardner,  Spiegel  and  Aurbach] 

Significance  to  Biomedical  Research  and  Program  of  the  Institute:   Parathyroid 

hormone  controls  the  biology  of  skeletal  tissue,  mineral  m  e  tabolism 

and  renal  function.   These  control  mechanisms  are  directly  related  to 

programs  of  the  Institute  on  renal  disease,  hyperparathyroidism,  vitamin 

D  metabolism,  osteoporosis,  and  other  metabolic  bone  diseases.   This 

project  since  its  inception  has  yielded  significant  new  information  and 

insights  relative  to  these  Institute  programs.   The  discovery  that  cyclic 

AMP  is  the  mediator  of  parathyroid  hormone  action  led  to  the  elucidation 

of  cyclic  AMP  as  an  important  controlling  biochemical  intermediate  in 

bone  resorption  mediated  by  a  variety  of  biologically  important  factors. 

This  discovery  similarly  led  to  important  new  clinical  laboratory  tests 

for  hyperparathyroidism,  pseudohypoparathyroidism  and  other  disorders 

of  parathyroid  secretion  and  function.   There  are  also  recent  suggestions 

from  other  institutions  that  parathyroid  hormone  may  be  involved  in  the 

pathogenesis  and  pharmacological  management  of  osteoporosis. 

Proposed  Course  of  Project:   Studies  with  isolated  parathyroid  cells  will 
continue  in  a  search  for  factors  that  control  parathyroid  hormone  secretion. 
The  mechanism  whereby  calcium  controls  cell  function  will  also  be  examined 
with  the  isolated  parathyroid  cell  preparation.   Studies  will  continue  in 
attempts  to  delineate  the  nature  of  circulating  parathyroid  hormone.   Methods 
for  identifying  parathyroid  hormone  receptors  in  target  tissues  will  continue 
to  be  explored.   Intense  interest  persists  in  the  application  of  knowledge 
from  these  projects  to  problems  of  clinical  disease. 
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SUMMARY   OF    WORK    (200   words   or   less   -   underline    keywords) 

The  purpose  is  to  study  the  interaction  of  calcitonin  with  its  specific 
receptor  target  organs.  The  current  investigations  should  provide  further 
insight  into  the  structure  function  relationship  in  calcitonin.  Calcitonin 
is  a  small  polypeptide  hormone  and  therefore  lends  itself  well  to  studies 
using  synthetic  peptide  fragments.  The  system  is  also  useful  for  characterizing 
hormone  receptors  in  kidney,  bone  and  other  tissues.   Studies  are  in  progress 
to  characterize  further  the  interaction  of  calcitonin  with  tissue  receptors. 
It  also  will  be  of  interest  to  solubilize  the  receptors  and  characterize 
them  chemically. 
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Objeccives:   To  study  the  interaction  of  calcitonin  with  its  specific 
receptor  target  organs. 

Methods  Employed :   The  interaction  of  calcitonin  with  its  receptors  has 
been  evaluated  by  determining  adenylate  cyclase  as  well  as  binding  of 
radioiodinated  calcitonin  to  membranes  isolated  from  renal  tissue  and 
to  lymphoid  cells  isolated  from  human  and  other  species  or  grown  in  tissue 
culture . 

Major  Findings:   A  purification  procedure  for  kidney  membranes  has  been 
developed.   It  has  been  shown  that  the  calcitonin  receptor  from  the  kidney 
is  concentrated  at  the  corticomedullary  junction.   The  membranes  which 
bind  calcitonin  and  contain  calcitonin-sensitive  adenylate  cyclase  show 
low  specific  activities  for  renal  brush  border  enzymes,  indicating  that 
calcitonin  receptors  are  localized  at  an  anti-luminal  aspect  of  renal  cells 
or  at  a  site  that  does  not  contain  brush  borders.   Utilizing  a  series  of 
calcitonin  analogs,  dose  response  curves  were  compared  for  binding  to  receptors 
from  kidney  and  bone.   The  dose  response  curves  in  the  two  tissues  are 
virtually  super imposable,  suggesting  that  the  calcitonin  receptor  in  the 
two  organs  has  a  similar  molecular  structure.   The  interaction  of  the  hormone- 
receptor  complex  with  the  adenylate  cyclase  enzyme  is  modified  by  the  presence 
of  guanine  nucleotides.  In  the  presence  of  GMPPNP  the  threshold  for  hormonal 
activation  is  lowered. 

The  relative  renal  responses  to  calcitonin  analogs  are  similar  whether 
determined  by  competitive  binding  or  adenylate  cyclase  activation.   Thus 
potency  differences  of  the  analogs  tested  are  largely  dependent  upon  effective- 
ness at  the  receptor  level.   Activity  of  the  adenylate  cyclase  enzyme  of 
human  lymphocytes  was  not  modulated  by  ambient  or  bound  calcitonin. 

Calcitonin  receptors  were  identified  on  cultured  human  lymphocytes.   The 
characteristics  of  these  receptors  are  similar  to  those  on  rat  renal  and 
calvarial  membranes  as  determined  by  competitive  binding  studies.   The 
lymphocyte  receptors,  however,  do  not  appear  capable  of  modulating  adenylate 
cyclase  enzyme  in  that  cyclic  AMP  was  not  detected  after  adding  calcitonin 
to  intact  cells.   Lymphocyte  preparations  should  prove  useful,  however, 
in  that  they  represent  a  readily  obtainable  human  tissue  containing  calcitonin 
receptors.   Results  with  this  human  material  indicated  that,  although  calcitonin 
polypeptides  have  undergone  remarkable  evolutionary  changes  in  structure 
and  effectiveness,  there  has  been  no  significant  corresponding  change  in 
biological  nature  of  calcitonin  receptors. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute:   The 
current  investigations  should  provide  further  insight  into  the  structure- 
function  relationship  in  calcitonin.   Calcitonin  is  a  small  polypeptide 
hormone  and  therefore  lends  itself  well  to  studies  using  synthetic  peptide 
fragments.   The  system  is  also  useful  characterizing  hormone  receptors 
present  in  kidney,  bone,  and  other  tissues. 
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Proposed  Course  of  Project:   Further  studies  are  in  progress  to  characterize 
further  the  interaction  of  calcitonin  with  its  tissue  receptors.   It  also 
will  be  of  interest  to  solubilize  calcitonin  receptors  and  further  characterize 
them.   Purified  lymphoid  cell  types  are  being  characterized  with  respect 
to  the  density  of  calcitonin  receptors  on  their  surface.   The  whole  cell 
system  also  may  be  applied  to  evaluate  the  regulation  of  receptor  metabolism 
in  vitro  and  in  human  disease  states. 

Publications :   None 
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/ith  PHP  +  AHO  are  functionally  deficient  in  a  recently  isolated  protein 
|("G  unit")  that  serves  to  couple  hormone  receptor  to  the  catalytic  unit  of 
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Project  Description:   In  1942  Albright  and  his  associates  described  the  features 
of  a  new  clinical  syndrome  "pseudohypoparathyroidism."   Patients  with  this 
disorder  differ  from  those  with  idiopathic  hypoparathyroidism  in  that  they 
have  characteristic  constitutional  features  and  they  do  not  respond  to  exogenous 
parathyroid  extract.  Albright  proposed  that  this  disorder  was  attributable 
to  lack  of  end  organ  sensitivity  to  normally-secreted  endogenous  parathyroid 
hormone.   Our  previous  finding  that  patients  with  PHP  lack  the  expected  rise 
in  U     excretion  following  PTH  administration  implicated  a  defective  hormone 
receptor-adenylate  cyclase  complex  as  the  basis  for  the  disorder.   Current 
studies  have  taken  advantage  of  recent  advances  in  understanding  of  the  components 
of  the  receptor-cyclase  complex  and  have  attempted  to  pinpoint  the  component 
of  the  complex  responsible  for  the  clinically  observed  hormone  resistance. 

Methods; 

1.  Erythrocyte  studies 

Red  cells  were  obtained  by  venipuncture  and  plasma  membranes  prepared 
by  hypotonic  lysis.   The  guanine  nucleotide  regulatory  protein  (G  unit)  was 
extracted  with  non-ionic  detergents.   Functional  G  units  were  assayed  by  combining 
human  RBC  extracts  (source  of  G  units)  with  catalytic  units  (either  turkey 
RBC  extracts  or  plasma  membranes  of  CYC   clone  of  S49  mouse  lymphoma  cells) 
and  measuring  resultant  adenylate  cyclase  activity. 

2 .  Skin  fibroblast  studies 

Specimens  of  skin  were  obtained  by  4  mm  punch  biopsy,  and  were  gro^^m 
to  confluence  in  improved  Eagles  MEM  with  10%  FCS.   Following  4-10  passages, 
fibroblasts  were  placed  in  microtiter  wells  and  incubated  to  confluence. 
Intact  fibroblasts  were  washed  and  incubated  with  serum-free  MEM  containing 
BSA,  methylisobutyl  xanthine  and  agonist.   After  hormone  stimulation  fibroblasts 
were  lysed  and  total  cAMP  produced  was  measured  by  radioimmunoassay. 

3.  Clinical  studies 

Patients  were  admitted  to  the  Clinical  Center  where  the  following  provocative 
tests  were  performed:   TRH  stimulation  (TSH,  T,,  T-,  prolactin);  glucagon 
stimulation  (glucose,  plasma  cAMP);  GNRF  stimulation  (LH,  FSH) ;  PTH  infusion 
(urine  cAMP  excretion).   In  addition,  a  complete  history  and  physical  examination, 
skeletal  radiographs  and  other  tests  were  performed  as  appropriate.   Genetic 
linkage  studies  were  carried  out  on  appropriate  families. 

Major  Findings:   Red  cell  membranes  from  patients  with  PHP  and  AHO  show  reduced 

G  unit  activity  (mean  reduction  =  50%),  by  comparison  with  normal  volunteers, 

and  hyperparathyroid  and  surgical  hypoparathyroid  controls.   The  reduction 

in  G  unit  activity  was  highly  significant  (p  <  .001)  in  each  of  two  test  systems 

(turkey  erythrocyte  soluble  extracts  and  AC~  plasma  membranes).   We  found 

no  alteration  in  affinity  for  guanine  nucleotide  of  the  G  unit  from  erythrocytes 

of  patients  with  PHP/AHO.   Only  one  (male)  patient  of  16  patients  with  PHP  +  AHO 

studied  showed  normal  red  cell  G  unit  activity. 

Cultured  fibroblasts  from  four  members  of  a  kindred  with  PHP/AHO  were 
examined  for  endogenous  adenylate  cyclase  activity.   Intact  cells  were  stimulated 
with  PGE  and  PGE  and  were  shown  to  accumulate  significantly  less  cAMP  when 
compared  to  cultured  fibroblasts  from  four  normal  lines  (mean  reduction  ^   50%). 
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Red  cell  raen±)ranes  from  15  patients  with  PHP  but  lacking  somatic  features 
of  AHO  were  also  examined  for  functional  G  unit  activity,  and  in  comparison 
to  membranes  from  (+)AHO  patients  showed  no  defect. 

Clinical  studies  of  both  groups  of  PHP  patients  (+AHO,  -AHO)  supported  the 
hypothesis  of  a  widespread  disorder  of  hormone  resistance  in  those  patients 
who  showed  decreased  erythrocyte  G  units  (+AHO) .   These  patients,  in  addition 
to  PTH  resistance,  were  found  to  have  mild  to  moderate  primary  hypothyroidism 
(TSH  resistance),  abnormal  hepatic  responsiveness  to  glucagon  (impaired  hepatic 
adenylate  cyclase  response  to  glucagon),  and  a  high  incidence  of  reproductive 
abnormalities  (primary  or  secondary  amenorrhea). 

Patients  with  normal  RBC  membrane  G  units  (-AHO)  in  general  showed  no 
evidence  of  hormone  resistance  other  than  to  PTH. 

The  mode  of  inheritance  of  this  disorder  remains  unclear,  and  the  recent 
delineation  of  patients  into  at  least  two  subgroups  based  on  erythrocyte  G 
unit  data  further  supports  the  concept  of  genetic  heterogeneity.   The  findings 
of  '^50%  reduction  in  G  unit  activity  from  14/15  (+)AHO  patients  and  the  female 
preponderance  is  most  compatible  with  sex-linked  dominant  inheritance,  although 
autosomal  dominant  transmission  is  also  possible.   A  recent  report  of  a  family 
with  autosomal  recessive  transmission  suggests  that  the  disorder  and  its  inheritanct 
are  quite  heterogeneous. 

Our  findings  suggest  that  reduction  in  function  G  units  is  the  molecular 
basis  for  hormone  resistance  in  most  PHP  patients  with  AHO.   Since  the  G  unit,     I 
unlike  receptors  for  a  given  hormone  (e.g.  PTH),  is  not  tissue-specific,  but 
rather  universally  found  in  all  adenylate  cyclase-containing  cells,  one  would 
anticipate  that  patients  with  PHP  should  show  resistance  to  other  hormones 
(TSH,  glucagon,  GNRF)  whose  action  is  mediated  by  cAMP,  and  our  clinical  findings 
corroborate  this. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute:   Our  findings 
represent  an  important  link  between  basic  studies  on  the  structure  and  function 
of  the  hormone  receptor-adenylate  cyclase  complex  and  clinical  studies  of 
various  endocrine  disorders.   While  PHP  itself  is  a  rare  disease,  it  provides 
an  important  model  for  the  study  of  normal  and  abnormal  hormone  action. 
Our  studies  suggest  that  PHP  may  represent  the  first  example  of  a  human  disease 
involving  a  defect  in  the  G-unit  protein  only  recently  isolated  and  characterized. 
As  such,  PHP  provides  an  important  opportunity  to  assess  the  functional  signifi- 
cance of  this  protein,  the  G  unit  in  humans.   Better  understanding  of  the 
function  of  the  G  unit  should  increase  our  ability  to  define  the  pathophysiology 
of  endocrine  hyper-  and  hypofunctional  states  and  may  provide  novel  possibilities 
for  therapeutic  intervention. 

Proposed  Course  of  the  Project:   The  immediate  goals  of  our  project  are  1)  to 
verify  the  reduction  of  funtional  G  units  in  tissues  other  than  RBC,  e.g. 
cultured  fibroblasts  (already  under  study)  platelets  from  patients  with  PHP; 
2)  to  identify  the  nature  of  the  defect  in  the  G  unit  in  patients  with  PHP  + 
AHO,  i.e.  structure  vs  regulatory  mutation;  3)  to  sutdy  the  responsiveness  of 
a  variety  of  organs  in  patients  with  PHP  to  trophic  hormones  whose  action  is 
mediated  by  cAMP;  4)  to  delineate  the  pattern  of  inheritance  of  the  disorder; 
5)  to  attempt  to  elucidate  the  nature  of  the  defect  in  PHP  patients  who  show 
normal  G  unit  activity. 
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We  have  studied  the  components  of  the  hormone  receptor-adenylate  cyclase 
complex.   The  turkey  erythrocyte,  a  readily  available,  homogeneous  cell  type 


has  been  used  as  a  model  system.   The  turkey  RBC  plasma  membrane  possesses 
g-adrenergic  receptors,  identified  using  radioiodinated  hydroxvbenzylpindolol, 


a  high-affinity  g-blocker.   3-receptors  are  coupled  to   adenylate  cyclase 
catalytic  units  by  a  guanine  nucleotide  binding  protein  (G-unit)  which  we 
have  isolated  by  affinity  chromatography.   We  have  studied  the  role  of  the 
G  unit  in  mediating  activation  of  adenylate  cyclase  by  hormone,  fluoride  and 
cholera  toxin.   S-adrenergic  agonist  stimulation  of  cAMP  accumulation  in 


turkey  erythrocytes  leads  to  significant  changes  in  sodium  and  potassium 
transport . 
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Objectives :   To  isolate  and  purify  the  components  of  the  hormone  receptor- 
adenylate  cyclase  complex  from  particular  tissues,  to  determine  the  nature 
of  the  interaction  of  the  various  components,  and  to  determine  the  nature 
of  the  link  between  generation  of  cyclic  3 ',5 '-AMP  and  solute  transport 
in  particular  cell  systems. 

Methods  Employed:   Polypeptide  and  catecholamine  hormones  are  purified 
and  iodinated  by  standard  methods  or  methods  developed  in  the  laboratory 
specifically  for  that  purpose.   Rate  of  association  of  hormones  is  determined 
by  incubating  plasma  membrane  fractions  or  whole  cell  with  labeled  hormones. 
The  kinetics  of  binding  is  determined  by  rate  measurements  as  well  as  assessment 
of  steady  state  conditions.   Specific  hormone  binding  is  defined  in  terms 
of  dissociation  constant  (K  )  and  the  physiological  characteristics  of 
the  system. 

Adenylate  cyclase  is  assayed  in  intact  plasma  membranes  or  in  detergent 

extracts  by  monitoring  conversion  of  [a-   P]ATP  to  [   P]cAMP.  The  G  unit 

is  assayed  by  combining  it  with  catalytic  units  from  turkey  erythrocyte  or 

the  CYC   clone  of  S49  mouse  lymphoma  cell  plasma  membranes  and  measuring  the 

resultant  increase  in  adenylate  cyclase  activity.   The  G  unit  is  isolated 

from  detergent  extracts  of  turkey  erythrocyte  membranes  by  affinity  chromatography 

on  a  GTP  (y-phosphate  linked)  matrix.   Cholera  toxin  and  [   P]NAD  are  used 

to  radiolabel  covalently  the  G  unit  in  various  plasma  membranes. 

Maj oy, Findings :  The  G  unit  has  been  partially  purified  from  turkey  erythrocyte 
membranes  with  GTP  affinity  chromatography.   Our  studies  show  that  the  G  unit 
is  reversibly  associated  with  the  catalytic  unit  of  the  solubilized  holoenzyme. 
The  partially  purified  G  unit  from  turkey  erythrocyte  restores  both  guanine 
nucleotide  and  fluoride  responsive  adenylate  cyclase  activity  to  homologous 
(turkey  erythrocyte)  and  heterologous  (CYC   S49  mouse  lymphoma  cell  line 
genetically  deficient  in  G  units)  catalytic  units. 

A  method  has  been  developed  to  radiolabel  covalently  the  G  unit  in  turkey 
erythrocyte  membranes.  Cholera  toxin  catalyzes  the  transfer  of  [   P]NAD  to 
a  subunit  of  the  regulatory  protein  which  has  an  apparent  molecular  weight 
of  42,000  on  SDS  gel  electrophoresis.   Labeling  of  the  regulatory  protein 
is  cholera  toxin  specific,  and  is  distinct  from  nonspecific  labeling  of  other 
proteins  which  occurs  without  toxin.   [   PjADP-ribosylation  permits  detection 
of  the  G  unit  during  detergent  solubilization,  affinity  purification,  sucrose 
gradient  centrifugation,  and  other  manipulations.   The  radiolabeled  42,000 
M  peptide  and  the  G  unit  (as  measured  by  reconstitution  of  adenylate  cyclase 
activity)  coelute  from  the  GTP  affinity  column  upon  addition  of  specific  guanine 
nucleotides.   Cholera  toxin-mediated  ADP  ribosylation  of  the  G  unit  alters 
turkey  erythrocyte  adenylate  cyclase  activity  so  that  GTP  becomes  almost  as 
effective  as  its  non-hydrolyzable  analogs,  e.g.  GTP-y-S.   A  42,000  M  protein 
is  also  radiolabeled  with  cholera  toxin  and  [   P]NAD  in  human  erythrocyte 
membranes.   This  correlates  with  the  presence  of  functional  G  units  in  human 
red  cells  as  measured  by  G  unit  assay. 

Pigeon  erythrocyte  G  units  have  also  been  radiolabeled  using  methods  similar 
to  those  developed  for  turkey  erythrocyte  G  units.   G  unit  sediments  more 
rapidly  (4.0  S)  in  its  basal,  GDP-liganded  state  than  in  its  activated,  GTP-y-S- 
liganded  state  (2.7  S) .   The  susceptibility  of   P-labeled  pigeon  G  units  to 
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proteases  varies  depending  on  the  guanine  nucleotide  bound  to  the  G  unit, 
indicating  that  the  conformation  of  the  G  unit  varies  with  the  nature  of  the 
guanine  nucleotide  bound. 

Vanadate,  an  anion  with  important  effects  on  Na,  K-ATPase,  also  stimulates  adeny- 
late cyclase.   We  have  shown  that  as  with  fluoride,  stimulation  by  vanadate 
requires  the  G  unit.   Vanadate  and  fluoride  stimulation  differ,  however, 
in  their  susceptibility  to  inhibition  by  cholera  toxin  and  the  GDP  analog 
GDP-B-S. 

The  mechanism  of  calcium  inhibition  of  adenylate  cyclase  was  studied  using 
partially  separated  components  of  the  enzyme  complex  and  analysis  of  free 
calcium  concentration.   The  K.  for  inhibition  of  the  enzyme  by  free  calcium 
was  2.48  X  10  M.   Calcium  did  not  affect  hormone-stimulated  guanine  nucleotide 
exchange,  conformation  of  the  activated  regulatory  (G  unit)  protein  or  of  the 
catalytic  unit.   Neither  did  calcium  affect  dissociation  of  activated  G  unit 
from  catalytic  unit  nor  convert  activated  catalytic  unit  to  an  inactive  form. 
Evidence  was  found  that  calcium  inhibits  the  catalytic  subunit  of  adenylate 
cyclase  by  direct  competition  with  manganese  for  its  regulatory  site. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute:   Studies  of  the 
structure  and  function  of  the  components  of  the  hormone  receptor-adenylate  cyclase 
complex  increase  our  understanding  of  the  mechanisms  of  hormone  action. 
Recognition  of  the  critical  role  of  the  G  unit  as  a  "coupling  factor" 
in  transmitting  hormonal  messages  across  cell  membranes  makes  it  likely  that 
various  disease  states  may  involve  G  unit  malfunction.   Studies  in  our  laboratory 
on  the  hormone  resistance  syndrome,  pseudohypoparathyroidism,  bear  out  this 
possibility  (see  separate  PHP  project  report).   G  unit  alterations  may  also 
lead  to  increased  adenylate  cyclase  activity.   This  is  best  exemplified  by 
the  effects  of  cholera  toxin.   Indeed  the  severe  secretory  diarrhea  seen 
in  clinical  vibrio  cholera  infection  results  from  G  unit  ADP-ribosylation 
and  consequent  increased  cAMP  production  in  the  gut.   Fu  r ther  studies  on 
the  structure  and  function  of  the  G  unit  may  open  up  new  possibiliies  for 
therapeutic  intervention  in  established  cases  of  cholera.   Labeling  of  the 
G  unit  with  cholera  toxin  and  [   P]NAD  may  permit  detection  of  quantitative 
or  qualitative  alterations  in  the  G  unit  in  various  human  disease  states. 

Proposed  Course  of  Project:   Future  goals  of  this  project  include  further 

purification  of  the  G  unit,  production  of  antibodies  to  the  G  unit  to  aid 

in  detection  of  genetic  abnormalities  in  G  unit  function,  study  of  the  mechanism 

of  coupling  between  the  G  unit  and  both  hormone  receptors  and  catalytic  unit, 

and  study  of  the  relationship  between  the  G  unit  and  effects  of  guanine  nucleotides 

on  agonists  (e.g.  a-adrenergic,  opiates,  muscarinic)  that  act  via  inhibition 

of  adenylate  cyclase. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  project  goal  is  the  evaluation  and  treatment  of  hyperparathyroidism.  Patient^ 
with  persistent  postoperative  hyperparathyroidism  are  referred  for  evaluation 
and  treatment.   Hereditary  hyperparathyroidism  in  particular  is  under  investi- 
gation in  the  hopes  of  delineating  hereditary  molecular  abnormalities  in 
glandular  regulation,  as  exemplified  in  the  multiple  endocrine  neoplasia 
syndromes.   Evaluation  ranges  from  epidemiologic  studies  of  families  to  in- 
house  studies  of  patients  and  to  in  vitro  analyses  of  excised  tissue.   Techniques! 
currently  being  employed  and  improved  include  radioimmunoassay  of  parathyroid 
hormone,  selective  arteriography  and  selective  venous  sampling  for  parathyroid 
hormone,  parathyroid  gland  cryopreservation  and  autotransplantation,  and 
transcatheter  parathyroid  gland  infarction. 


732 


ZOl    AM    43006-06    MD 

Objectives:   To  study  the  regulation  of  parathyroid  gland  function.   To  develop 
and  evaluate  diagnostic  tests  of  parathyroid  function.   To  develop  new  methods 
for  localization  of  hyperfunctioning  parathyroid  tissue.   To  evaluate  methods 
of  treatment  of  hyperparathyroidism. 

Methods  employed:   Patients  with  suspected  hyperparathyroidism  are  referred 
for  evaluation  and  treatment.   Evaluation  includes  radioimmunoassay  of 
circulating  parathyroid  hormone,  and  of  plasma  and  urinary  cyclic  AMP. 
Where  appropriate,  preoperative  evaluation  includes  selective  arteriography 
and  venography  with  selective  sampling  for  PTH  determination  and  computerized 
tomography  of  neck  and  mediastinum.   In  selected  cases  adenomatous  parathyroid 
glands  are  ablated  by  transarterial  infusion  of  various  agents.   Parathyroid 
exploration  is  done  by  the  Surgery  Branch,  NCI.   Urinary  cyclic  AMP  (U  .>^) 
excretion  is  monitored  during  surgery,  utilizing  the  gammaflo  machine  for 
rapid  (<7  min)  radioimmunoassay  of  cyclic  AMP.   If  postoperative  hypoparathyroid- 
ism is  considered  highly  likely,  parathyroid  tissue  may  be  simultaneously 
autotransplanted  to  a  forearm  muscle.   Excised  parathyroid  tissue  either 
fresh  or  cryopreserved  is  evaluated  in  vitro  after  preparation  of  dispersed 
cells.   If  postoperative  hypoparathyroidism  is  considered  possible,  tissue 
is  cryopreserved  for  subsequent  autotransplantation. 

Major  findings:  Diagnosis  and  clinical  findings:   A  large  number  of  patients 
with  primary  hyperparathyroidism  have  been  treated  and  their  clinical  and 
chemical  findings  have  been  described.   Weakness  was  noted  more  commonly 
than  had  previously  been  appreciated  and  muscle  biopsy  showed  atrophy  of 
type  I  and  especially  type  II  fibers  in  a  manner  diagnostic  of  denervating 
disease.   Studies  of  neuromuscular  function  in  subjects  with  secondary 
hyperparathyroidism  showed  similar  clinical  and  histologic  findings.   The 
most  useful  diagnostic  tests  for  hyperparathyroidism  have  been  hypercalcemia 
associated  with  nonsuppressed  or  increased  parathyroid  hormone  concentrations 
in  peripheral  blood  and  increased  urinary  excretion  of  cyclic  AMP.   These 
findings  revert  rapidly  to  normal  following  successful  parathyroidectomy. 
Intestinal  absorption  of  calcium  is  increased  preoperatively  and  undoubtedly 
has  a  central  role  in  causing  hypercalcemia. 

A  new  series  of  radioligands  for  parathyroid  hormone  radioimmunoassay  has 
been  developed,  using  synthetic  sequences  and  analogs  from  the  midregion 
of  human  PTH.   These  fragments  have  led  to  development  of  sensitive  and 
practical  radioimmunoassays.   Using  these  assays  and  gel  filtration  of 
plasmas,  we  have  demonstrated  that  certain  hyperfunctioning  parathyroid 
glands  release  a  previously  unrecognized  large  PTH  fragment  containing  the 
midregion  but  deficient  in  carboxy terminal  immunoreactivity. 
[G.D.Aurbach,  S.J.Marx,  A.M.Spiegel,  R. W. Downs , Jr. ,  M.A.Levine,  R.Lasker, 
MDB,  NIADDKD:  A.  Saxe  and  M.  Brennan,  Surgery  Branch,  NCI;  L.E.Mallette, 
V. A. Hospital,  Houston] 

Although  results  with  parathyroid  radionuclide  imaging  after  intravenously 
administered  ['Se] -selenomethionine  have  been  disappointing,  we  have  been 
obtaining  parathyroid  scans  after  administering  this  isotope  intra-arterially 
during  parathyroid  arteriography.   Several  cases  wherein  cannulation  of 
most  of  the  important  vessels  potentially  supplying  the  parathyroids  was 
possible  have  shown  correctly  localizing  scans  although  careful  interpreta- 
tations  are  necessary  to  avoid  false  positives.   This  technique  appears 
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to  be  especially  useful  in  those  patients  with  juxta-  or  intra-thyroidal 
adenomas  even  when  arteriography  is  inaffective.   Radionuclide  images  are 
often  positive  because  suppression  of  the  thyroid  with  triiodothyronine 
prior  to  scanning  improves  the  specificity  of  the  parathyroid  scan  but  not 
of  the  arteriogram. 

[Drs.  Marx,  Spiegel,  Downs,  Stock  and  Aurbach,  NIADDKD:  Dr.  Doppman,  Radiology 
Department,  C.C] 

We  have  studied  a  patient  with  parathyroid  carcinoma  who  showed  markedly 
elevated  serum  concentrations  of  the  glycoprotein  hormone  subunits  hCG-ct 
and  hCG-B ,  which  fell  dramatically  after  surgical  removal  of  malignant  tissue. 
Screening  of  a  large  number  of  patients  with  different  forms  of  hyperpara- 
thyroidism has  shown  these  subunits  to  be  a  marker  for  malignancy  in  parathyroid 
disease  or  for  islet  cell  involvement  in  familial  multiple  endocrine  adenomatosis 
(MEN  I). 

[Drs.  Marx,  Spiegel,  Downs,  and  Aurbach,  MDB,  NIADDKD:  Drs.  Weintraub  and 
Rosen,  CEB,  NIADDKD] 

Several  studies  have  utilized  urinary  cyclic  AMP  excretion  as  a  parameter 
of  parathyroid  hormone  action: 

Our  previous  studies  showed  that  intraoperative  U     excretion  fell  rapidly 
to  the  normal  range  (mean  =  1.5  hrs)  after  successrul  parathyroidectomy 
but  failed  to  fall  after  unsuccessful  surgery  in  patients  with  primary  hyperpara- 
thyroidism (1°HPT) .   Availability  of  the  gamma-f lo  machine  (capable  of  performing 
cAMP  radioimmunoassay  in  <7  min/sample)  enabled  us  to  study  prospectively 
the  utility  of  rapid  intraoperative  U     determination  in  guiding  surgery 
for  1°HPT.   The  data  from  over  20  patients  studied  with  this  technique  to 
date  confirm  the  specificity  of  intraoperative  U  •    excretion  as  an  index 
of  parathyroid  gland  function.   Rapid  U     determination  proved  to  be  extremely 
useful  in  several  patients.   A  fall  in  U     to  the  normal  range  obviated 
the  need  for  further  neck  exploration  (with  attendant  increased  morbidity) 
even  when  histologic  confirmation  of  removal  of  abnormal  parathyroid  glands 
was  lacking.   Persistent  (>1.5  hrs)  elevation  of  U     signaled  the  need 
to  continue  exploration  even  after  one  or  more  enlarged  glands  had  been 

removed.   A  peak  in  U  ..,„  excretion  above  baseline  was  a  clue  to  the  location 

cAMP 
of  an  enlarged  gland  not  found  during  previou  exploration.   This  technique 

appears  to  be  a  valuable  tool  in  assisting  the  surgeon  exploring  the  particularly 

difficult  group  of  patients  who  have  undergone  prior  unsuccessful  neck  surgery. 

Familial  hyperparathyroidism.   Surveys  of  families  of  patients  with  primary 
parathyroid  hyperplasia  show  that  hereditary  disease  is  very  common  (approximately 
50%  in  our  series  of  76  index  cases  with  primary  parathyroid  hyperplasia) . 
In  fifteen  kindreds  a  novel  form  of  familial  hypercalcemia  was  found  wherein 
hypercalcemia  occurs  with  hypocalciuria  (FHH) .   Unlike  typical  cases  of  familial 
hyperparathyroidism,  the  penetrance  of  hypercalcemia  approached  100%  in  the 
first  two  decades  with  severe  expression  even  in  one  neonate.   Review  of 
results  of  surgery  at  the  N.I.H.  and  elsewhere  has  shown  that  most  patients 
in  this  category  treated  by  subtotal  parathyroidectomy  had  persistent  postopera- 
tive hypercalcemia.   In  these  families  renal  clearances  of  filtered  calcium 
and  magnesium  are  both  lower  than  in  typical  primary  hyperparathyroidism 
and  circulating  parathyroid  hormone  levels  are  lower  than  in  typical  primary 
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hyperparathyroidism.   Circulating  parathyroid  hormone  concentrations,  assessed 
by  three  independent  assay  techniques,  are  lower  in  these  patients  than  in 
patients  with  typical  primary  hyperparathyroidism.   Furthermore,  the  cAMP 
response  to  infused  PTH  is  exaggerated  in  these  patients.    In  a  series  of 
67  patients  referred  after  exploration  for  hypercalcemia,  six  (9%)  were  previous- 
ly unrecognized  probands  for  kindreds  with  FHH.   Analysis  of  urine  calcium 
expressed  as  ratio  of  calcium  clearance: creatinine  clearance  facilitates 
recognition  of  this  disorder.    Recognition  of  FHH  in  the  population  is  important 
in  order  to  obviate  unnecessary  parathyroid  surgery  in  these  cases.   Quantitative 
analysis  of  histologic  sections  of  parathyroid  glands  from  18  patients  showed 
hyperplasia  in  at  least  13. 

[S.J.Marx,  A.M.Spiegel,  R. W. Downs , Jr. ,  M.A.Levine,  R.Lasker,  and  G.D.Aurbach, 
MDB,  NIADDKD:  J.  Gardner,  DDB,  NIADDKD] 

Application  of  new  radiologic  techniques:   A  series  of  studies  has  been  carried 
out  utilizing  selective  venous  catheterization  and  a  radioimmunoassay  for 
parathyroid  hormone  for  localization  of  parathyroid  adenomas.   A  high  degree 
of  success  has  been  obtained  in  localizing  these  tumors  preoperatively . 
The  catheter  is  passed  through  the  femoral  vein  and  thence  through  the 
major  veins  to  reach  the  neck  where  selective  samples  are  taken  from  each 
inferior  and  superior  thyroid  vein.   Radioimmunoassays  show  that  veins 
draining  parathyroid  adenomas  frequently  contain  concentrations  of  hormone 
10-  to  20-fold  or  more  greater  than  the  concentration  in  the  peripheral 
plasma.   In  cases  with  single  adenomas,  this  concentration  ratio  is  greatest 
selectively  in  one  vein  draining  the  adenoma.   The  contralateral  vein  shows 
concentrations  equal  to  samples  from  the  general  circulation.   Patients 
with  hyperplasia  of  all  four  glands  show  concentrations  of  hormone  in  the 
thyroid  veins  on  each  side  greater  than  concentrations  in  peripheral  plasma. 
Usually  in  these  cases  the  concentration  ratio  is  not  as  high  as  for  single 
adenomas.   This  technique  utilizing  specific  radioimmunoassays  and  selective 
catheterization  should  be  applicable  also  to  determining  the  source  of 
hormone  in  ectopic  hyperparathyroidism  produced  by  nonparathyroid  cancers . 

Thyroid  and  internal  mammary  arteriography  enables  preoperative  identification 
of  hyperfunctioning  parathyroid  tissue  in  30%  or  more  of  cases  and  is  also 
helpful  in  defining  venous  drainage  to  facilitate  selective  catheterization. 
In  eight  cases  of  mediastinal  parathyroid  adenoma  treatment  was  accomplished 
by  transarterial  infusion  of  hypertonic  glucose,  gelfoam  or  autologous 
clot  to  occlude  the  catheterized  parathyroid  artery.   Seven  appear  fully 
cured  and  one  partially.   There  was  no  significant  morbidity  to  these  patients 
who  would  otherwise  have  required  sternotomy. 

[G.D.Aurbach,  S.J.Marx,  A.M.Spiegel,  R.W.  Downs,  MDB,  NIADDKD:  Dr.  J.Doppman, 
Radiology  Department,  C.C.] 

Autotransplantation  and  cryopreservation  of  parathyroid:   Persistent  post- 
operative hyperparathyroidism  or  hypoparathyroidism  are  potential  problems 
in  patients  with  primary  parathyroid  hyperplasia  or  previous  unsuccessful 
parathyroid  exploration.   These  problems  may  be  lessened  if  parathyroid 
tissue  can  be  cryopreserved.   We  have  developed  experience  with  cryopreservation 
and  autotransplantation  of  parathyroid  glands  in  normal  dogs  and  also  in 
a  few  patients  who  developed  permanent  hypoparathyroidism  postoperatively. 
Avoidance  of  tissue  trauma  or  rapid  changes  in  temperature  or  pH  was  essential 
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for  tissue  preservation.   Canine  parathyroid  tissue  has  been  successfully 
autotransplanted  after  cryopreservation  for  as  long  as  nine  months  and  function 
has  been  documented  by  measuring  release  of  immunoreactive  PTH  and  by  induction 
of  hypocalcemia  following  graft  excision.   Function  of  autografted  parathyroid 
tissue  ^  vivo  correlates  well  with  assessment  ^  vitro.   One  patient  who 
received  an  autograft  from  a  parathyroid  adenoma  developed  rapid  recurrence 
of  primary  hyperparathyroidism.   Subsequently  his  tissue  showed  highly  abnormal 
function  ji  vitro  and  ±n   vivo.   Graft  excision  was  required  and  he  became 
hyoparathyroid . 

[G.D. Aurbach,  S.J.Marx,  A.M.Spiegel,  R.W.Downs, Jr. ,  M.A.Levine,  and  R.Lasker, 
MDB,NIADDKD;  A.  Saxe  and  M.  Brennan,  Surgery  Branch,  NCI] 

Significance  to  Biomedical  Research  and  Program  of  the  Institute:   As  an 
outgrowth  of  these  studies,  methods  of  localizing  and  treating  hypersecreting 
tissues  of  several  types  are  being  improved.   Hyperparathyroidism  is  a  prototype 
of  endocrine  hyperf unction.   Some  patients  have  hyperparathyroidism  in  combination 
with  hereditary  hyperfunction  of  other  endocrine  glands  including  pituitary 
and  pancreas.   These  hyperf unctions  are  usually  benign  but  occasionally 
become  cancerous.   By  studying  families  with  hereditary  disease  we  hope 
to  gain  insight  into  specific  molecular  lesions  that  cause  loss  of  normal 
cellular  regulation  in  these  tissues.   This  collaborative  program  offers 
comprehensive  treatment  for  a  select  group  of  patients  who  have  proven  difficult 
or  impossible  to  treat  in  other  centers  in  the  United  States  and  abroad. 

Proposed  Course  of  Project:   Patients  with  suspected  primary  hyperparathyroidism 
will  be  accepted  for  evaluation  and  treatment.   We  will  continue  to  study 
familial  patterns  of  hyperparathyroidism  and  efforts  will  continue  towards 
improving  techniques  for  assessment  of  parathyroid  hormone  by  radioimmunoassay 
or  bioassay.   We  will  continue  to  explore  new  methods  of  localizing  hyperfunction- 
ing parathyroid  tissue.   The  applicability  of  parathyroid  embolization  and 
the  role  of  parathyroid  autotransplantation  will  be  investigated  further. 
Patients  in  the  entire  program  will  provide  a  source  of  abnormal  parathyroid 
glands  to  be  studied  in  detail  in  vitro.   Patients  with  parathyroid  transplants 
will  be  ideal  test  subjects  for  putative  parathyroid  secretagogues. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Hypercalcemia  is  a  common  and  serious  complication  of  cancer.   In  some  patients, 
hypercalcemia  occurs  without  direct  tumor  invasion  of  bone,  presumably  via 
a  humoral  mechanism.   The  identity  of  humoral  factor(s)  is  not  known, 
although  PTH  or  prostaglandins  may  be  the  cause  in  some  cases.   The  project 
goal  is  to  identify  factors  responsible  for  humoral  hypercalcemia  of  malignancy, 
This  involves  study  of  patients  with  this  syndrome  as  well  as  an  animal  model 
for  the  syndrome,  a  Leydig  cell  tumor  of  Fischer  rats. 
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Objective:   To  identify  the  factor (s)  responsible  for  humoral  hypercalcemia 
in  Fischer  rats  bearing  a  transplantable  Leydlg  cell  tumor,  and  in  humans 
with  humoral  hypercalcemia  of  malignancy. 

Methods  employed:   The  Rice  H-500  Leydig  cell  tumor  was  obtained  from  the 
Mason  Tumor  Bank  in  Worcester,  Massachusetts.   Fischer  344  rats  are  injected 
subcutaneously  with  minced  tumor  and  then  studied  (as  the  tumor  grows)  by 
obtaining  blood  and  urine  samples  for  measurement  of  indices  of  mineral  metabolism 
including:   serum  calcium,  phosphorus,  creatinine,  and  parathyroid  hormone, 
and  urinary  cAMP.   Bones  from  tumor-bearing  and  control  animals  are  obtained 
for  histomorphometric  studies.   The  tumor  has  also  been  established  in  tissue 
culture  for  studies  of  secreted  factor (s)  in  the  medium.   Conditioned  medium 
can  be  assayed  for  bone-resorbing  factors  in  a  variety  of  target  cell  systems. 

Blood  and  urine  samples  from  patients  with  humoral  hypercalcemia  of  malignancy 
have  also  been  obtained  for  measurement  of  indices  of  mineral  metabolism. 

Major  findings:   We  have  confirmed  the  original  observations  of  Rice  that 

the  Leydig  cell  tumor  represents  a  model  of  humoral  hypercalcemia.   No  evidence 

of  bone  metastasis  is  present  and  hypercalcemia  is  corrected  by  tumor  resection. 

We  have  extended  these  observations  by  showing  that  PTH,  measured  by  a  sensitive 

radioimmunoassay  specific  for  the  aminoterminal  portion  of  rat  PTH,  is  suppressed 

in  hypercalcemic  tumor-bearing  rats.   This  result  provides  strong  evidence 

that  tumor-provoked  hypercalcemia  is  due  neither  to  ectopic  PTH  secretion 

by  the  tumor  nor  to  a  parathyrotrophic  factor  secreted  by  the  tumor.   There 

is  no  detectable  PTH  in  the  culture  medium  of  tumor  cells.   We  have  also 

measured  urinary  cAMP  excretion,  an  indirect  index  of  PTH  action,  and  found 

that  U     is  increased  in  tumor-bearing  hypercalcemic  rats  when  expressed 

as  a  function  of  creatinine  clearance.   If  confirmed,  this  result  suggests 

that  the  tumor  may  secrete  a  "PTH-like"  factor,  capable  of  causing  osteolysis 

and  activating  renal  adenylate  cyclase.   These  findings  are  analogous  to  certain 

patients  with  humoral  hypercalcemia  due  to  malignancy  (e.g.  squamous  lung  carcinoma) 

who  excrete  increased  amounts  of  nephrogenous  cAMP  although  PTH  secretion  is 

suppressed. 

Potent  bone-resorbing  activity  has  been  found  in  the  medium  from  cultured  tumor 
cells. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute:   These  studies 
have  important  implications  for  our  understanding  of  normal  and  abnormal  calcium 
homeostasis  and  for  our  ability  to  treat  hypercalcemia  complicating  cancer. 
Identification  of  a  humoral  factor  should  be  more  readily  achieved  in  the  rat 
model  and  information  gained  therefrom  can  then  be  applied  to  the  human  syndrome. 

Proposed  Course  of  Project:   The  future  course  of  the  project  involves  assay 

of  media  from  cultured  cells,  tumor  extracts,  and  serum  samples  in  a  variety 

of  assays  for  several  properties  (e.g.  bone  resorption,  renal  cell  cAMP)  in 

an  effort  to  identify  the  factor  responsible  for  hypercalcemia.   Biosynthetic 

studies  of  cultured  tumor  cells  will  also  be  performed.   Identification  of 

a  factor (s)  should  permit  testing  of  sera  and  extracts  from  patients  with  humoral 

hypercalcemia . 

Publications:   None 
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ANNUAL  REPORT  -  1980-1981 
CLINICAL  ENDOCRINOLOGY  BRANCH 


Dr.  Weintraub  was  the  recipient  of  the  Ernst  Oppenheimer  award  of 
the  Endocrine  Society.   This  award  is  presented  annually  to  an  outstand- 
ing young  scientist  for  contributions  to  endocrine  research.   Dr.  Robbins 
was  awarded  the  Parke-Davis  Lectureship  of  the  American  Thyroid  Associa- 
tion.  He  was  the  second  recipient  of  this  honor,  which  is  given  to  a 
senior  scientist  in  recognition  of  contributions  to  thyroidology  and  thy- 
roid research.   Dr.  Robbins  also  was  Visiting  Professor  and  recipient  of 
the  Samuel  Haines  Lectureship  at  the  Mayo  Clinic,  an  award  honoring  Dr. 
Haines,  who  was  a  pioneer  in  the  study  of  thyroid  diseases. 

Visiting  scientists  from  laboratories  in  France,  India,  Italy  and 
South  Africa  participated  in  the  work  of  the  Branch.   Two  senior  scien- 
tists of  the  Branch  -  Drs.  Cahnmann  and  Edelhoch  -  spent  a  number  of 
weeks  in  France  and  Italy  where  they  took  part  in  collaborative  research 
with  laboratories  in  Paris,  Marseilles  and  Naples. 

I .   Thyroid  Biochemistry 

A.   Thyroid  Cell  Membrane  and  the  Mechanism  of  TSH  Action 

The  correlation  of  TSH  binding  to  thyroid  cell  membrane  with  the 
activation  of  adenylate  cyclate  has  been  examined  for  TSH  derived  from 
various  sources.   These  include  human  serum,  the  serum  of  mice  bearing 
thyrotropic  tumors,  the  culture  medium  in  which  these  tumors  were  grown 
and  various  subfractions  of  bovine  pituitary  glands.   Each  source  con- 
tains TSH  subfractions  which  can  be  separated  by  gel  filtration  and  which 
probably  differ  in  carbohydrate  residues.   In  human  serum,  a  large  mole- 
cular weight  form  appears  to  be  bound  to  a  protein  component  of  serum. 

Certain  of  the  TSH  forms  have  a  high  ratio  of  receptor  binding  to 
cyclase  activation,  and  they  appear  to  act  as  competitive  inhibitors  of 
bovine  TSH  action.   It  appears  likely  that  differences  in  carbohydrate 
content  are  responsible  for  this  dichotomy  and  it  is  evident  that  the 
degree  of  receptor  binding  is  not  directly  related  to  biological  activity 
of  TSH  (Weintraub,  Joshi). 

Further  characterization  of  solubilized  adenylate  cyclase  has  be2n 
accomplished.   The  activation  or  lack  of  activation  of  the  enzyme  by  va- 
rious guanine  nucleotide  analogs  differed  with  the  substrate  employed, 
being  more  evident  with  App(NH)p  than  with  ATP.   Fluoride,  which  was  used 
in  these  experiments,  was  shown  to  inhibit  GTPase  activities  in  the  thy- 
roid cell  membrane,  possibly  accounting  for  the  synergistic  behavior  of 
fluoride  and  GTP.   Kinetic  analysts  of  activators  and  inhibitors  indi- 
cated that  there  either  are  two  independent  guanine  nucleotide-binding 
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sites,  or  two  sites  exhibiting  negative  cooperativity .   Such  analysis 
also  revealed  that  inhibition  of  GDPSS  could  not  be  explained  by  simple 
competitive  inhibition.   (Wolff,  Goldhammer) 

Previous  work  on  the  role  of  adenosine  in  steroid  hormone  secretion 
has  now  been  extended  to  the  guinea  pig  thyroid.   Adenosine  analogt'es 
stimulated  cyclic  AMP  accumulation,  but  were  only  partial  agonists.   The 
pattern  of  response  resembled  that  seen  earlier  in  the  adrenal  gland. 
(Wolff,  Fradkin) 

B.  Thyroid  Hormone  Secretion 

Interest  in  the  role  of  tubulin  in  secretion  has  led  to  extensive 
studies  of  this  ubiquitous  protein.   Previous  work  which  demonstrated 
that  lactoperoxidase  binds  to  tubulin  has  permitted  a  rapid  purification 
method  which  makes  use  of  affinity  chromatoraphy  employing  lactoperoxidase 
bound  to  a  matrix.   Tubulin  which  is  90%  pure  can  be  obtained  within  2  to 
3  hours  without  exposure  to  glycerol  or  GTP.   Compared  to  standard  prepra- 
tions  of  tubulin,  the  more  highly  purified  material  is  free  of  high  mole- 
cular weight  microtubule-associated  proteins,  and  has  a  higher  critical 
concentration  for  polymerization.   (Wolff,  Rousset) 

Antibodies  to  colchicine  have  been  produced  in  rabbits  and  were  com- 
pared to  tubulin  in  terms  of  colchicine  binding.   The  affinity  of  the 
antibody  was  high  enough  to  prevent  colchicine  fluorescence  in  the  pres- 
ence of  tubulin  and  to  restore  polymerization  in  colchicine-inhibited 
tubulin  preparations,   The  chemical  specificity  of  the  antibody-binding 
site  contrasted  with  that  of  tubulin,  in  that  it  tolerated  greater  vari- 
ation in  the  tropolone  moiety. 

A  detailed  study  is  currently  under  way  to  evaluate  the  role  of  cal- 
cium in  tubulin  polymerization.   It  has  been  found  that  factors  which 
promote  nucleation  (such  as  increased  temperature,  microtubule  seeds  or 
16S  oligomers)  decrease  the  intrinsic  high  Ca^"*"  sensitivity  for  inhibi- 
tion of  polymerization,  and  that  calmodulin  enhances  the  sensitivity. 
(Wolff,  Berkowitz,  Lee) 

C.  Thyroid  Hormone  Synthesis 

The  chemical  mechanism  of  the  synthesis  of  thyroxine  within  the 
polypeptide  chain  of  thyroglobulin  has  been  further  clarified  by  compar- 
ing non-enzymatic  iodination  (lo"  or  ICl)  with  enzymatic  iodination  em- 
ploying lactoperoxidase.   Since  both  methods  lead  to  the  production  of 
one  dehydroalanine  residue  for  each  molecule  of  thyroxine  formed,  the 
reaction  mechanisms  are  probably  similar.   It  is  suggested  that  the 
iodination  of  two  appropriately  located  tyrosine  residues  is  followed 
by  oxidation  of  one  of  these  to  a  phenoxy  cation,  leading  to  a  charge 
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transfer  complex  and  formation  of  a  transient  quinol  ether  and  an  event- 
ual covalent  diphenyl  ether  bond.   A  pH  above  neutrality  is  required 
for  coupling.   (Cahnmann,  Gavaret) 

D.  Thyroxine-Proteln  Interactions 

Previous  work  with  thyroxine-binding  globulin  (TBG)  revealed  a  meta- 
stable  state  for  this  major  transport  protein  as  it  exists  in  plasma.   It 
has  now  been  shown  that  the  presence  of  a  hormone  molecule  in  the  binding 
site  increases  resistance  of  TBG  to  denaturation  by  mild  acid  (pH  4.4), 
low  concentrations  of  guanidinium  chloride  (1.75  M)  or  heat.   This  stab- 
ilization is  accompanied  by  an  allosteric  change  in  which  TBG  becomes  more 
compact,  approaching  a  spherical  shape.   Tryptophanyl  spectroscopic 
analysis  demonstrated  that  the  four  Trp  residues  are  heterogeneous,  and 
that  one  of  the  surface  residues  moves  toward  the  interior  of  the  mole- 
cule when  T4  is  bound.   These  effects  of  hormone  binding  on  protein 
structure  can  serve  as  a  model  for  the  interaction  of  thyroid  hormone 
with  biologically  active  receptors.   (Robbins,  Edelhoch,  Grimaldi) 

The  controlled  photolysis  of  thyroxine  and  its  analogs  was  investi- 
gated preliminary  to  the  use  of  this  procedure  for  photoaf f inity  label- 
ing of  T4-  and  T3-binding  proteins.   Using  long-wave  ultraviolet  light 
(above  330  mn)  and  a  relatively  non-polar  solvent  (methanol),  conditions 
were  found  to  give  a  46%  yield  of  T3  from  T4  and  no  damage  to  the  diphenyl 
ether  bond.   Similar  monodeiodination  of  the  phenolic  ring  was  found  with 
several  T4  analogs.   This  procedure  is  suitable  for  the  preparation  of 
specifically  labelled  metabolites  of  T4  which  are  not  easily  obtainable 
by  chemical  synthesis.   (Cahnmann  and  van  der  Walt) 

E.  Thyroid  Hormone-Cell  Interactions 

In  previous  work,  rhodaraine-labeled  triiodothyronine  was  shown  by 
video-intensification  fluorescence  microscopy  to  enter  cultured  fibro- 
blasts by  receptor-mediated  binding  to  coated  pits  followed  by  endocy- 
tosis.   The  present  study  used  monolayer  cultures  of  monkey  hepatocar- 
cinoma  cells  and  nuclear  uptake  of    I-labeled  Tt  to  show  that  the 
fluorescent  derivatives  reached  the  same  nuclear  receptors  as  did  the 
hormone.   The  affinities  of  the  derivatives,  however,  were  about  100 
times  lower  than  that  of  the  parent  hormone.   (Cheng,  Robbins,  Johnson) 

F .  Thyroid  Hormone  Hetabolism 

Fasting  and  refeeding  have  profound  effects  on  the  metabolism  of 
thyroid  hormones  in  man  and  other  animals,  such  that  fasting  enhances 
the  conversion  of  T4  to  T3  by  monodeiodination.   To  investigate  the  mech- 
anism of  this  effect,  T4  metabolism  was  studied  in  primary  monolayer  cul- 
tures of  rat  hepatocytes.   T4  metabolism  in  these  normal  hepatocytes. 
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unlike  previous  findings  in  monkey  hepatocarcinoma  cells,  was  more  physi- 
ological, showing  equal  deiodination  of  the  inner  and  outer  rings  as  well 
as  the  production  of  glucuronoconjugates .   Incubation  with  combinations 
of  glucose,  glucagon  and  insulin  revealed  that  insulin  stimulated  5 '-de- 
iodination whereas  glucose  had  no  effect.   Glucagon  inhibited  the  change 
produced  by  insulin  but  had  no  effect  in  the  absence  of  insulin.   These 
findings  suggest  that  the  effects  of  feeding  in  the  whole  animal  are  re- 
lated to  changes  in  hormones  rather  than  in  glucose  per  se.   (Robbins, 
Sato) 

G.   Thyroid  Hormone  Action 

Quantitative  changes  in  nuclear  proteins  from  the  livers  of  control, 
thyroidectomized  and  T3-treated  rats  were  measured  by  computer  analysis 
of  two-dimensional  gel  electrophoresis  patterns.  Approximately  500  pro- 
tein subunits  could  be  distinguished.  Of  these,  102  decreased  markedly 
or  disappeared  after  thyroidectomy.  Within  6  hours  after  giving  T3,  13 
proteins  reappeared,  and  67  additional  proteins  reappeared  by  24  hours. 
Two  proteins  not  found  in  normal  liver  were  seen. 

Acetylation  of  nuclear  histones  and  low  molecular  weight  proteins 
was  depressed  after  thyroidectomy  and  was  increased  above  control  after 
T3  administration.   Incorporation  of  phosphate  from  ATP,  occurring  in 
proteins  which  ranged  in  size  up  to  100,000  molecular  weight,  was  de- 
creased in  most  of  them  after  thyroidectomy,  and  also  was  increased  by 
T3 ,  especially  in  those  over  68,000  Daltons.   Incorporation  of  ADP 
ribose  from  NAD  also  was  depressed  after  thyroidectomy  and  decreased 
further  after  T3  in  most  of  these,  but  increased  in  a  few.   It  is  sug- 
gested that  the  increase  in  protein  synthetic  rate  caused  by  T3  may  be 
the  result  of  increased  acetylation  and  phosphorylation  of  histones  and 
other  nuclear  proteins  which  accelerate  transcription  of  already  active 
genes. 

Since  transcriptionally  active  genes  are  preferentially  digested  by 
micrococcal  nuclease,  the  digestion  of  DNA  from  thyroidectomized  and  T3- 
treated  rats  was  measured.   Preliminary  data  showed  an  increased  rate  of 
DNA  splitting  after  T3  administration.   Digestion  with  DNase  I  gave  si- 
milar results.   (Rail,  Nikodem) 

H.   Studies  of  Thyroid  Disease 

The  exposure  of  the  thyroid  gland  to  high  dose  therapeutic  radi- 
ation is  known  to  cause  thyroid  cell  death,  but  few  cases  of  nodule 
formation  have  been  reported.   Six  such  cases  were  observed  after  radi- 
ation exposure,  usually  for  Hodgkins  Disease,  of  2500  to  4000  rads; 
three  had  thyroid  carcinoma.   Of  special  interest  was  the  finding  of 
severe,  diffuse  cellular  atypia  in  aspiration  biopsies  and  in  the  surg- 
ical specimens  from  four  cases.   In  two,  this  could  be  ascribed  to 


793 


radiation  effects  on  the  thyroid  epithelial  cells.   It  is  apparent  that 
radiation-induced  thyroid  neoplasia  may  be  more  frequent  after  high  dose 
radiation  than  previously  appreciated.   (Robbins,  Pretorius) 

Evaluation  of  serum  thyroglobulin  (TG)  measurement  in  the  manage- 
ment of  differentiated  thyroid  cancer  was  accomp'' ished  in  49  patients. 
Serum  TG,  when  detectable,  paralleled  changes  in  serum  TSH.   After 
stopping  T3  for  2  weeks  in  previously  thyroidectomized  patients,  serum 
TG  was  undetectable  in  most  patients  with  negative  ■'■■^■'-I  scans  and  was 
above  10  ng/ml  in  all  patients  with  definite  metastases.   However,  a 
high  serum  TG  did  not  distinguish  metastases  from  residual  normal  thyroid. 

Since  serum  TG  and  ■'•■^■'■I  scans  were  not  always  concordant,  TG  measurement, 

1  o  1 
while  useful  in  follow-up  care  of  thyroid  cancer,  cannot  replace  -^-^-^I 

testing.   (Robbins,  Goldman) 

The  utility  of  low  dose  (30  mCi)  ■'■^■'■I  for  thyroid  remnant  ablation 
is  under  study  as  an  alternative  to  the  usual  75  to  100  mCi  dose.   Pre- 
liminary results  suggest  that  this  therapy  may  be  useful,  especially  in 
young  patients,  to  reduce  whole  body  radiation  exposure.   (Robbins, 
Pretorius) 

T3  transport  and  nuclear  binding  in  skin  fibroblasts  of  4  patients 
with  peripheral  thyroid  hormone  resistance  has  been  compared  with  8  normal 
subjects.   No  significant  differences  were  found  in  mean  nuclear  binding 
capacity  (~  4000  sites/cell)  or  apparent  dissociation  constant  (~  lO"-'-'^  M)  . 
Since  preliminary  results  indicate  that  fibroblasts  from  affected  sub- 
jects show  biochemical  resistance  to  thyroid  hormone,  it  appears  that  the 
defect  is  not  in  nuclear  T3  receptors  or  in  cellular  or  nuclear  trans- 
port of  the  hormone.   (Weintraub,  Fein) 

Further  study  of  the  syndrome  of  postpartum  thyroiditis  with  transi- 
ent hyper-  and  hypothyroidism  has  shown  that  thyroid  dysfunction  corre- 
lates well  with  changes  in  antithyroid  antibody  titers.   Preliminary  data 
also  suggest  that  there  is  a  possible  defect  in  suppressor  lymphocyte 
function  as  well  as  a  possible  association  with  a  D  locus  antigen  of  the 
HLA  system.   (Weintraub,  Fein) 

The  association  of  thyroid  dysfunction  with  Sjogren's  syndrome  and 
systemic  lupus  erythematosus  (SLE)  has  been  recognized,  but  the  frequency 
is  unknown.   In  a  study  of  14  patients  with  Sjogren's  syndrome,  64%  had 
decreased  thyroid  reserve  or  frank  hypothyroidism.   Data  are  now  being 
collected  in  SLE.   (v^eintraub) 

The  randomized  study  of  cytopheresis  and  plasmapheresis  in  the 
treatment  of  Graves'  ophthalmopathy  has  been  completed  in  7  patients. 
Preliminary  findings  suggest  that  some  patients  have  had  moderate  sub- 
jective and  objective  improvement,  in  conjunction  with  a  decrease  in 
thyroid  stimulating  immunoglobulin.   (Weintraub,  Magner) 
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II.   Polypeptide  Hormones 

A.  Biosynthesis  of  Glycoprotein  Hormones 

The  interrelation  between  peptide  chain  synthesis,  glycosylation, 
subunit  combination  and  secretion  of  the  thyroid  stimulating  hormone 
has  been  further  elucidated.   These  studies  have  been  done  with  primary 
cultures  of  mouse  thyrotropic  tumor  cells.   Subcellular  fractions  en- 
riched in  rough  and  smooth  endoplasmic  reticulum  and  golgi  components 
were  obtained  by  density  gradient  centrifugation  and  nascent  chains  were 
solubilized  by  -^H-puromycin  displacement  or  treatment  with  detergent. 
Nascent  chains  displaced  by  puromycin  showed  a  predominance  of  unglyco- 
sylated  subunlts.   The  size  distribution  suggested  a  "translational 
block"  or  pause  in  chain  elongation  at  the  time  of  dolichol  addition, 
which  favored  the  accumulation  of  chains  of  particular  molecular  weights. 
A  time-dependent  progression  of  11  K  to  18  K  a  subunlts  occurred  in  the 
rough  endoplasic  reticulum,  while  most  of  the  a-  and  3-subunit  com- 
bination forming  the  21  K  moiety  took  place  in  the  smooth  reticulum. 
Incubation  of  cells  with  tunicamycin,  an  inhibitor  of  glycosylation,  gave 
rise  to  non-glycosylated  TSH,  half  of  which  were  degraded  intracellularly 
before  secretion.   The  data  are  consistent  with  previous  indications  that 
glycosylation  is  required  for  subunit  combination  but  not  for  secretion 
from  the  cell.   (Weintraub,  Magner) 

The  biosynthesis  of  human  chorionic  gonadotrpoin  has  been  studied 
in  a  continuous  culture  of  choriocarcinoma  cells.   Incorporation  of  -^H- 
fucose  into  the  intracellular  a-subunit  (common  to  all  the  glycoprotein 
hormones)  was  unequivocally  demonstrated.   This  was  unexpected  since  a- 
subunit  isolated  from  pregnancy  urine  does  not  contain  fucose.   As  is 
the  case  with  TSH,  enzymatically  deglycosylated  cc-and  3-subunlts  of 
hCG  show  inhibition  of  combining  properties.   These  studies  are  being  ex- 
tended to  an  investigation  of  the  properties  of  ectopic  a-  and  3-  sub- 
units  -  i.e.,  subunlts  secreted  by  chorionic  and  other  neoplasms.   Some 
iso-6-subunits  combine  well  with  normal  hCG-a  whereas  others  do  not. 
The  cause  for  these  differences  is  being  sought.   (Rosen,  Weintraub, 
MDrrow,  Jones-Brown,  Fein) 

B.  Ectopic  Polypeptide  Hormone  Syndromes 

The  occurrence  of  the  a-  and  3-subunits  of  chorionic  gonadotropin 
was  investigated  in  the  serum  of  patients  with  primary  hyperparathyroidism. 
Two  patients  with  parathyroid  carcinoma  had  elevated  levels  of  both  sub- 
units.   One  of  these  tumors  contained  high  subunit  concentrations,  in  con- 
trast to  their  absence  or  much  lower  concentration  in  hyperplastic  para- 
thyroid tissue.   Analysis  of  blood  containing  high  parathyroid  hormone 
levels  obtained  by  venous  cathetrization  showed  a  mild  elevation  of  CG-a 
in  only  one  of  42  patients  with  parathyroid  hyperplasia  or  adenoma.   In 
30  patients  with  multiple  endocrine  neoplasia  type  I,  8  had  elevated  CG-a 
in  conjunction  with  a  pancreatic  islet  cell  tumor.   Thus,  screening  of 
hyperparathyroid  patients  for  CG-a  may  be  used  to  detect  parathyroid 
carcinoma  or  associated  islet  cell  tumors. 
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In  32  patients  with  Zollinger-Ellison  syndrome  (gastrin-secreting  tu- 
mors), CG-a  was  elevated  in  15  and  CG-6  in  4.   >bst  of  these  elevations 
occurred  in  patients  with  malignant  gastrinoma,  and  the  development  of 
an  elevation  during  follow-up  of  patients  thought  to  have  benign  gastrinoma 
is  suggestive  of  malignancy.   (Rosen,  Weintraub,  Morrow) 

An  evaluation  of  the  measurement  of  pregnancy-specific  betaj^-glyco- 
protein  (SPj^)  has  been  made  in  patients  with  fibrosarcoma  and  other  sar- 
comas, since  fibroblast  cell  cultures  have  been  found  to  secrete  this  pro- 
tein.  The  clinical  studies,  however,  failed  to  indicate  a  utility  as  a 
tumor  marker.   The  synthesis  of  SP-|_  was  studied  in  cultured  human  placental 
cells  transformed  by  simian  virus  (SV40).   The  temperature  sensitive  mutant 
(tsA)  showed  marked  enhancement  of  S?]^  production  at  the  restrictive  tem- 
perature. S?^   secreted  by  these  cells  could  be  induced  by  sodium  butyrate. 
Its  molecular  properties  were  similar  to  those  of  SP^^  purified  from  normal 
placenta,  and  it  appears  to  consist  of  various  aggregates  of  a  43,600  mole- 
cular weight  unit.   (Rosen) 

The  presence  of  human  placental  lactogen  was  examined  in  endometrial 
biopsies  by  an  immunoperoxidase  histochemical  technique.   Positive  cells 
were  seen  in  association  with  intrauterine  pregnancy  but  not  in  tubal 
pregnancy,  pseudodecidua  in  progestrogen-treated  patients  or  other  non- 
pregnant endometrial  tissue.   This  procedure  may  be  useful  as  a  marker  for 
intrauterine  pregnancy.   (Rosen) 

C .   Gonadotropin  Pathophysiology 

In  the  continued  investigation  of  a  family  with  hypogonadotropic 
hypogonadism  with  anosmia  (Kallman's  syndrome)  old  church  records  have 
disclosed  a  consanguineous  relationship  six  generations  earlier.   Two 
new  cases  have  been  discovered  and  further  evidence  of  heterogeneity  has 
been  obtained. 

Further  study  of  a  patient  with  hyperpigmentation,  skin  thickening, 
hyperprolactinemia  with  galactorrhea,  splenomegaly  and  monoclonal  IgG 
kappa  light  chain  indicates  that  she  probably  can  be  included  in  the  so- 
called  POEMS  syndrome  although  she  lacks  the  feature  of  polyneuritis. 
Studies  with  her  serum  IgG  failed  to  augment  melanin  secretion  in_   vitro 
or  to  simulate  prolactin  secretion  by  rat  pituitary  tumor.   (Rosen, 
Morrow) 

III.   Studies  on  Protein  Structure  and  the  Interaction  of  Proteins  with 
Cell  Membranes 


A  more  rapid  procedure  for  purifying  coated  vesicles  from  bovine  brain 
has  been  developed.   These  vesicles  dissociate  into  uncoated  vesicles  and 
clathrin  when  the  pH  is  raised  from  6.5  to  7.5,  and  they  reform  when  the 
pH  is  lowered.   This  has  permitted  isolation  of  the  membranes  associated 
with  coated  vesicles,  and  these  are  now  under  study. 
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Polymerization  of  clathrin  to  form  coat  structures  (devoid  of  mem- 
branes) was  found  to  be  accelerated  by  antimalarial  drugs  and  by  pheno- 
thiozines.   Since  many  of  these  compounds  inhibit  receptor-mediated  endo- 
cytosis  in  intact  cells,  it  was  suggested  that  they  may  act  by  regulating 
clathrin  function  in  the  coated  pits.   (Edelhoch,  Nandi,  Pretorius, 
van  Jaarsveld) 

Further  insight  on  the  subunit  structure  of  thyroglobulin  was  ob- 
tained by  the  finding  that  a  protease  which  is  a  minor  contaminant  of 
horseradish  peroxidase  can  result  in  the  formation  of  one  of  the  major 
subunit  components  found  in  thyroglobulin  preparations.   It  was  concluded 
that  the  300,000  molecular  weight  subunit  is  probably  the  only  chain  syn- 
thesized by  the  thyroid  gland,  and  the  second  component  is  produced  by 
proteolytic  digestion.   (Edelhoch,  van  Jaarsveld) 

IV.   Mechanism  of  Hormone  Action 

Previous  studies  showed  that  the  soluble  adenylate  cyclase  produced 
by  Bordetella  pertussis  is  activated  by  calmodulin,  which  was  identified 
as  a  component  of  the  organism  or  the  culture  medium.   Since  the  ability 
to  respond  to  calmodulin  is  lost  when  the  bacterial  cyclase  is  purified, 
a  search  for  an  additional  factor  in  the  interaction  was  undertaken.   It 
was  found  that  various  amphophiles  such  as  phospholipids  activated  the 
cyclase  3-10  fold,  and  that  gangliosides  are  inhibitory.   Ca    (in  the 
absence  of  calmodulin)  is  required.   The  amphophiles  also  sensitize  the 
adenylate  cyclase  to  Ca^"'"/calmodulin  and  are  synergistic  with  calmodulin. 
The  araphiphiles  act  by  altering  the  Vmax  of  the  enzyme  and  not  the  Km. 

In  the  course  of  these  studies,  it  was  found  that  a  large  variety 
of  protein  and  tissue  preparations  contain  a  protein  activator  of  B^. 
pertussis  adenylate  cyclase.   It  was  shown  that  this  results  from  the 
presence  of  calmodulin  in  these  protein  preparations.   The  high  sensi- 
tivity of  the  bacterial  cyclase  makes  it  an  ideal  system  for  the  detection 
of  trace  amounts  of  calmodulin.   (Wolff,  Goldhammer,  Kilhoffer) 
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Thyroxine  binding  globulin  (TBG),  the  major  transport  protein  for 
thyroid  hormones  in  human  serum,  was  shown  in  earlier  work  to  be  denatured 
irreversibly  under  mild  conditions.   T^  binding  is  lost,  but  the  secondary 
and  tertiary  structure  changes  only  slightly.   We  now  have  investigated 
the  influence  of  occupancy  of  the  hormone  binding  site  on  TBG  stability. 
Using  tryptophanyl  fluorescence,  we  have  shown  that  TBG'Ta,  in  contrast 
to  unliganded  TBG,  is  more  resistant  to  denaturation  by  mild  acid  (pH  4.4) 
and  by  low  concentration  guanidinium  chloride  (1.75  M) .   This  stabiliza- 
tion is  accompanied  by  an  altered  conformation  -  i.e.,  an  allosteric  ef- 
fect -  resulting  from  T^  binding.   Sedimentation  velocity  analysis  and 
polarization  of  dansyl  fluorescence  show  that  TBG'T^  is  a  more  compact 
molecule  than  native  TBG,  and  its  shape  approaches  that  of  a  sphere. 

Further  studies  on  TBG  structure  utilizing  tryptophan  fluorescence 
spectroscopy  demonstrated  a  heterogeneity  of  the  four  tryptophanyl  residues 
of  the  protein.   The  quenching  of  Trp  fluorescence  which  is  seen  when  Ta 
is  bound  involves  one  or  more  Trp  residues  which  are  in  a  nonpolar  en- 
vironment -  i.e.,  interior.   The  collisional  quencher,  acrylamide,  on 
the  other  hand,  affects  primarily  one  or  more  Trp  residues  on  the  protein 
surface.   The  wavelength  of  maximum  acrylamide  quenching  (345  nm)  is 
shifted  to  shorter  wavelength  when  T4  is  bound,  owing  to  a  change  in  pro- 
tein conformation. 

It  is  postulated  that  the  conformational  change  of  TBG  induced  by 
hormone  binding  is  responsible  for  the  increased  stability,  and  these 
studies  provide  a  model  for  the  interaction  of  thyroid  hormones  with  bio- 
logically active  receptors. 

Publications : 

1.  Erard,  F.,  Cheng,  S.-Y.,  and  Robbins,  J.:   Affinity  labeling  of  human 
serum  thyroxine-binding  globulin  with  N-bromoacetyl-L-thyroxine: 
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Biophys.  206:  15-20,  1981. 

2.  Cheng,  S.-Y.,  Rakhit,  G. ,  Erard,  F.,  Robbins,  J.,  and  Chignell,  C.  F. : 
A  spin  label  study  of  the  thyroid  hormone-binding  sites  in  human 
plasma  thyroxine  transport  proteins.   J.  Biol.  Chem.  256:  831-836, 
1981. 
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We  reported  last  year  that,  in  the  thyroid  peroxidase-catalyzed  syn- 
thesis of  thyroid  hormone  residues  in  thyroglobulin,  one  dehydroalanine 
residue  is  produced  for  each  hormone  residue  formed.   We  have  now  studied 
the  noneiizymatic  as  well  as  lactoperoxidase-catalyzed  synthesis  of  hormone 
residues.   Iodine-free  [U-l^C] tyrosine-labeled  thyroglobulin  was  iodinated 
in  the  presence  of  lactoperoxidase  and  glucose-glucose  oxidase  or  with  I^" 
or  I~-chloramine  T  or  ICl.   In  all  instances,  the  synthesis  of  each  hormone 
residue  was  accompanied  by  that  of  one  dehydroalanine  residue  suggesting 
that  similar  reaction  mechanisms  prevail  in  enzymatic  and  nonenzymatic 
hormone  synthesis.   This  prompted  us  to  propose  the  following  model  for 
the  hormone  synthesis  in  thyroglobulin:   Two  tyrosine  residues  appropri- 
ately located  for  coupling  are  iodinated  in  an  ionic  iodination  reaction 
or  in  one  involving  free  radicals  (enzymatic  iodination).   Then,  one  of 
the  iodotyrosine  residues  is  oxidized  to  a  phenoxy  cation  (in  an  ionic 
reaction  or  in  two  one-electron  transfer  steps).   This  results  in  the 
formation  of  a  charge  transfer  complex  between  the  two  interacting  iodo- 
tyrosyl  residues  (which  is  a  zwitterion-biradical  resonance  hybrid) . 
Establishment  of  a  covalent  bond  between  the  two  residues  leads  to  a 
quinol  ether  residue  (of  possibly  only  fleeting  existence)  whose  break- 
down leads  to  one  hormone  residue  and  one  dehydroalanine  residue. 

While  thyroglobulin  is  not  iodinated  with  I3   or  with  I  -chloraraine  T 
at  an  acid  pH,  ICl  is  a  good  iodinating  agent  at  pH  5.5.   However,  no 
coupling  occurs  at  that  pH  although  hormonogenic  iodotyrosyl  residues  have 
been  formed.   A  pH  above  neutrality  is  required  for  coupling. 

Publications: 

1.  Gavaret,  J.-M. ,  Cahnmann,  H.  J.  and  Nunez,  J.:   The  fate  of  the  "lost 
side  chain"  during  thyroid  hormonogenesis.   J.  Biol.  Chem.  254:  11218- 
11222,  1979. 

2.  Gavaret,  J.-M.,  Nunez,  J.,  and  Cahnmann,  H.  J.:   Formation  of  dehydro- 
alanine residues  during  thyroid  hormone  synthesis  in  thyroglobulin. 

J.  Biol.  Chem.  255:  5281-5285,  1980. 

3.  Gavaret,  J.-M.,  Cahnmann,  H.  J.,  and  Nunez,  J.:   Thyroid  hormone  syn- 
thesis of  thyroglobulin.   The  mechanism  of  coupling  reaction.   J.  Biol. 
Chem.  1981,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  prepared  coated  vesicles  from  bovine  brain  by  a  modified  proce- 
dure. The  dissociation  of  coat  and  vesicles  and  the  reversal  have  been 
accomplished. 

Two  groups  of  pharmacologic  agents,  antimalarials  and  phenothiazines , 
markedly  stimulate  the  polymerization  of  clathrin  to  coat  structures. 
They  have  also  been  shown  by  others  to  inhibit  endocytosis. 
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Project  Description: 

The  work  is  continuing  on  the  role  of  clathrin  and  coated  vesicles 
in  receptor-mediated  endocytosis.   This  mechanism  of  internalization  of 
proteins  and  hormones  is  proving  to  be  very  common  and  involves  a  wide 
variety  of  metabolic  species. 

An  abbreviated  procedure  to  isolate  highly  purified  coated  vesicles 
in  good  yield  has  been  developed.   It  has  been  shown  that  coated  vesicles 
dissociate  into  uncoated  vesicles  and  clathrin  when  the  pH  is  raised  from 
6.5  to  7.5  and  are  reformed  when  the  pH  is  returned  to  6.5.   The  uncoated 
vesicles  have  been  separated  from  clathrin  on  sucrose  gradients.  We  are 
looking  at  the  properties  of  these  vesicles  as  a  natural  source  of  bi- 
layer  material  for  other  types  of  studies. 

Two  groups  of  pharmacologic  agents,  i.e.  antimalarials  and  pheno- 
thiazines,  have  been  shown  to  accelerate  the  polymerization  of  clathrin 
to  form  coat  structures  (devoid  of  membrane).   Many  of  these  compounds 
have  also  been  shown  to  inhibit  receptor-mediated  endocytosis  in  various 
types  of  cells.   It  is,  therefore,  possible  that  some  of  these  drugs  are 
active  by  virtue  of  their  interaction  with  clathrin  in  the  coated  pits  or 
vesicles  and  thereby  regulate  cellular  machinery  involved  in  endocytosis. 

A  smaller  fraction  of  our  work  continues  on  the  characterization  of 
the  subunit  structure  of  thyroglobulin.   We  have  been  able  to  convert 
one  of  the  two  principal  subunits  to  the  other  by  a  preparation  of  horse- 
radish peroxidase.   The  enzyme  responsible,  however,  is  a  minor  con- 
taminant present  in  our  commercial  enzyme  preparation.   We  have,  there- 
fore, concluded  that  only  one  chain  of  ~  300,000  is  synthesized  by  the 
thyroid  gland  and  the  second  chain  is  produced  by  proteolytic  digestion. 
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1.  Nandi,  P.  K. ,  Pretorius,  H.  T.,  Lippoldt,  R.  E.,  Johnson,  M.  L.,  and 
Edelhoch  H. :   Molecular  properties  of  the  reassembled  coat  protein  of 
coated  vesicles.   Biochemistry  19:  5917-5921,  1980. 

2.  van  Jaarsveld,  P.  P.,  van  der  Merwe,  J.,  van  der  Walt,  B.,  and 
Edelhoch,  H. :   Enzymatic  conversion  of  the  major  polypeptide  chains 
of  thyroglobulin.   Endocrinology  108:  1285-1292,  1981. 

3.  Edelhoch,  H. ,  Cheng,  S.-Y.,  and  Trace,  G. :   Luminescences  from  bio- 
logical and  synthetic  macromolecules:   Spectroscopic  properties  of 
Rhodamine  B-labeled  thyroid  hormone.   New  York  Acad.  Sci . ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  the  diagnosis  of  thyroid  nodules  and  goiter,  we  studied  6  patients 
who  developed  thyroid  nodules,  J  with  malignancy,  after  high  dose  radiation 
exposure  (>  2500  r) .   Previously,  such  exposure  was  thought  to  cause  only 
thyroid  failure.   In  the  treatment  of  thyroid  cancer,  serum  thyroglobulln 
(TG)  measurement  was  compared  with  total  body  ^'^-'I  scanning  in  49  patients. 
Screening  for  residual  thyroid  tissue  or  metastases  by  serum  TG  requires 
discontinuation  of  thyroid  hormone  replacement.   A  combination  of  TG  level 
and  '-^'■I  scanning  is  preferable  to  either  test  alone.   In  the  syndrome  of 
inappropriate  TSH  secretion,  nuclear  T3  binding  in  fibroblasts  cultured  from 
4  patients  was  examined.   No  difference  from  normal  was  found  in  the  number 
or  affinity  of  nuclear  receptors.   In  studies  on  lymphocytic  thyroiditis , 
association  with  the  postpartum  state,  with  Sjogren's  syndrome  and  with 
systemic  lupus  erythematosus  has  been  studied.   Completion  of  detailed 
examinations  on  14  patients  with  Sjogren's  syndrome  showed  that  64%  had 
compensated  or  frank  hypothroidism. 
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Project  Description: 

1.  Diagnosis  of  Thyroid  Nodules  and  Goiter 

From  1974  to  1980,  we  encountered  six  patients  with  thyroid  nodules 
after  high  dose  radiotherapy  (2500  to  4000  rad  to  the  thyroid),  usually  for 
Hodgkin's  disease.   Fine  needle  aspiration  cytology  showed  moderate  to 
severe  cellular  atypia  in  four;  in  two  this  could  be  ascribed  to  radiation 
effect,  thus  complicating  the  utility  of  aspiration  cytology  in  such  pa- 
tients.  In  one  additional  patient,  the  cellular  atypia  was  related  to 
lymphocytic  thyroiditis,  and  in  only  one,  to  carcinoma.   Of  the  five  pa- 
tients who  had  thyroidectomies,  however,  three  had  carcinomas.   Two  pa- 
tients had  lymphocytic  thyroiditis,  and  four  had  compensated  or  overt 
hypothyroidism.   Although  thyroid  failure  has  been  recognized  as  a  common 
sequela  of  such  radiation  exposure,  our  findings  indicate  that  thyroid 
nodules  and  carcinoma  may  be  more  frequent  than  previously  appreciated. 

2.  Treatment  of  Thyroid  Cancer 

Evaluation  of  serum  thyroglobulin  (TG)  measurement  in  the  management 
of  functioning  thyroid  cancer  has  been  completed  in  49  patients  who  had 
simultaneous  radioiodine  whole  body  scans.   In  thyroidectomized  patients 
with  thyroid  remnants  or  metastatic  cancer,  serum  TG  paralleled  changes 
in  serum  TSH,  and  was  usually  low  or  undetectable  when  TSH  was  suppressed. 
After  stopping  T3  therapy  for  2  weeks,  serum  TG  was  <  2  ng/ml  in  most 
patients  with  no  detectable  -'•■^-'•I  uptake  and  was  >  10  ng/ml  in  all  patients 
with  definite  metastases.   However,  a  high  serum  TG  level  did  not  dis- 
tinguish metastases  from  residual  normal  thyroid  tissue.   Serum  TG  was 
elevated  in  some  patients  with  negative  scans  (13%)  and  was  undetectable 
in  some  patients  with  positive  scans  (44%).   Although  serum  Tg  is  useful 
in  the  follow-up  care  of  thyroid  cancer,  it  cannot  replace  ■^■^-'■I  scanning. 

The  utility  of  low  dose  (30  mCi)  ^^^I  for  thyroid  remnant  ablation  has 
been  evaluated  in  16  patients.   In  7  (44%),  a  negative  thyroid  scan  was 
achieved  after  a  single  dose.   While  repeated  30  mCi  doses  (at  6  month 
intervals)  further  decreased  neck  uptake  in  most  of  the  remaining  cases, 
total  ablation  usually  required  3  or  more  doses.   Our  experience  suggests 
that  the  use  of  30  mCi  ^-^^I  ablative  therapy  as  the  initial  dose  is  worth- 
while, but  the  advantage  of  repeated  small  doses  is  uncertain. 

3.  Inappropriate  Secretion  of  TSH 

We  have  studied  T3  transport  and  nuclear  binding  in  skin  fibroblasts 
from  8  normal  subjects  and  4  patients  with  peripheral  thyroid  hormone 
resistance,  one  subclass  of  inappropriate  secretion  of  TSH.   Skin  fibro- 
blasts were  grown  in  serial  passage,  dispersed  with  mild  trypsin  diges- 
tion and  incubated  at  37°C  in  serum-free  medium  with  various  concentra- 
tions of    ^"■'■3  ^^  ^^^   presence  or  absence  of  unlabeled  T-.   After 
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equilibrium  had  been  reached  (45-60  min),  cells  were  collected  and  nuclei 
isolated  and  counted  for  radioactivity.   In  nonnal  fibroblasts  nuclear 
binding  of     I-To  was  saturable  and  showed  a  single  class  of  high  af- 
finity receptors,  with  a  mean  binding  capacity  (Ro)  of  3800  +  500  nuclear 
sites/cell  and  mean  apparent  dissociation  constant  (Kd)  of  1.0  +  0.10  x 
10"   M.   Competition  of  nuclear    ^"^3  binding  by  thyroid  hormone 
analogues  showed  affinity  characteristics  similar  to  those  reported  for 
other  tissues.   Fibroblasts  from  4  patients  with  thyroid  hormone  resis- 
tance were  analyzed  at  multiple  passages  and  showed  no  significant  dif- 
ferences in  nuclear  ■'"^^I-Tj  binding  (Ro  =  4890  +  460  sites/cell;  Kd  = 
1.04  +  0.07  X  10"10  j^). 

Since  preliminary  studies  suggest  that  skin  fibroblasts  from  the 
patients  manifest  the  biochemical  resistance  to  thyroid  hormone,  these 
data  indicate  that  the  defect  is  not  in  nuclear  T3  receptors  or  in 
cellular  or  nuclear  transport  mechanisms  for  the  hormone.   The  site  of 
the  defect  is  currently  under  investigation. 

4.  Postpartum  Thyroiditis  with  Transient  Hypothyroidism 

We  are  currently  following  at  least  9  women  with  well  documented 
postpartum  lymphocytic  thyroiditis  associated  with  transient  hyperthy- 
roidism followed  by  transient  hypothyroidism.   In  general,  the  thyroid 
dysfunction  correlates  with  a  rise  in  serum  anti-thyroglobulin  as  well 
as  antimicrosomal  antibodies.   However,  we  have  now  encountered  one  pa- 
tient who  only  manifested  the  transient  hyperthyroid  phase  at  2-3  months 
postpartum,  but  never  manifested  the  later  hypothyroid  phase;  interest- 
ingly, she  is  the  only  patient  who  has  not  shown  any  detectable  anti- 
thyroid antibodies  (both  titers  <  100).   To  gain  further  insight  into  the 
basic  immunologic  mechanisms  involved  in  this  disease,  we  have  begun  to 
measure  a  variety  of  parameters  of  lymphocyte  function  during  and  after 
pregnancy,  in  both  controls  and  patients  who  have  manifested  the  syndrome 
in  prior  pregnancies.   Preliminary  results  suggest  a  possible  defect  in 
suppressor  cell  function  as  well  as  a  possible  association  of  this  disease 
with  a  D  locus  antigen  of  the  HIA  system. 

5.  Thyroid  Dysfunction  in  Sjogren's  Syndrome  and  Systemic  Lupus  Ery- 
theraatosys 

Although  it  has  been  recognized  that  Sjogren's  syndrome  (S.S.)  and 
systemic  lupus  erythematosys  (S.L.E.)  may  be  associated  with  thyroid  dys- 
function, the  prevalence  of  this  association  is  not  known  with  certainty. 
We  have  studied  this  association  using  sensitive  tests  of  thyroid  func- 
tion including  multiple  measurements  of  T3,  T4,  free  T4 ,  TSH,  antithyroid 
antibodies  as  well  as  TRH  tests  and  thyroid  aspiration  biopsies.   Of  24 
patients  with  S.S.,  10  had  been  treated  with  thyroxine  by  other  physi- 
cians and  were  not  re-evaluated  except  for  anti-thyroid  antibodies,  which 
were  elevated  in  4  of  the  4  tested.   Of  the  14  remaining  patients  that 
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we  evaluated,  9  showed  at  least  one  abnormality  of  thyroid  function  (usu- 
ally increased  basal  or  TRH-stimulated  TSH  and  anti-thyroid  antibodies); 
2  of  these  patients  had  decreased  T4  and  free  T4  as  well  as  clinical 
hypothyroidism  requiring  treatment  with  T4.   Thus,  of  the  14  patients 
that  we  evaluated,  64%  had  decreased  thyroid  reserve  or  frank  hypothy- 
roidism; of  the  original  group  of  24,  as  many  as  79%  may  have  had  thyroid 
dysfunction. 

Results  in  the  patients  with  S.L.E.  are  more  preliminary  but  also 
show  a  high  prevalence  of  thyroid  dysfunction.   Interestingly,  certain  of 
the  S.L.E.  patients  have  had  well-documented  hyperthyroidism  (presumably 
caused  by  Graves'  disease),  which  was  not  observed  in  the  patients  with 
S.S. 
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SUMMARY    OF    kORK    ^200    woras    or    less    -    unaeriine    <ey»ords} 

We  continue  to  study  placental  proteins  as  cancer  markers.   In  patients  with 
primary  hyperparathyroidism,  determination  of  the  subunits  of  human  chorionic 
gonadotropin  may  help  make  the  diagnosis  of  parathyroid  carcinoma  or  screen 
for  associated  malignant  pancreatic  islet  disease.   The  subunits  of  CG  appear 
to  be  nonspecific  but  particularly  sensitive  markers  for  maligncnt  trans- 
formations of  gastrinomas .   Imraunocytochemical  demonstration  of  placental 
lactogen  supports  the  placental  origin  of  the  syncytial  giant  cells  in  so- 
called  "syncytial  endometritis". 


Placental  cells  transformed  by  temperature-sensitive  mutants  of  SV40  virus 
produce  low  levels  of  pregnancy-specific  be ta-) -glycoprotein  (SP2_)  at  the  per- 
missive temperature  (33C),  but  at  the  restrictive  temperature  (40C)  where  the 
transformed  phenotype  was  lost,  SPj_  production  was  greatly  enhanced.   SPi 
exists  in  solution  in  the  form  of  aggregates  (at  least  as  high  as  the  triraer) 
that  dissociate  only  slowly  on  dilution.   Purified  CG-a  of  urinary  origin  is 
heterogeneous  and  contains  forms  with  terminal  N-acetylglucosamine . 
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Project  Description: 

A.   In  Vivo  Studies 

The  concentration  of  subunits  of  human  chorionic  gonadotropin  (CG-a 
and  CG-g)  was  determined  in  plasma  or  serum  from  70  patients  with  primary 
hyperparathyroidism  (l^HPT).   Two  of  three  patients  with  parathyroid  car- 
cinoma showed  elevation  in  plasma  concentration  of  both  subunits  which 
fell  following  surgical  removal  of  tumor.   An  extract  prepared  from  the 
tumor  of  one  of  these  patients  contained  the  subunits  in  high  concentra- 
tion, whereas  in  extracts  similarly  prepared  from  tissue  removed  from 
seven  patients  with  benign  1°HPT,  the  subunits  were  not  detectable  or 
were  present  in  much  lower  concentration.   In  42  cases  of  benign  1°HPT, 
samples  from  veins  containing  a  ten-fold  gradient  of  parathyroid  hormone 
(PTH)  obtained  during  selective  venous  catheterization  and  peripheral 
samples  from  the  same  patients  were  analyzed  for  CG  subunits.   Only  one 
patient  demonstrated  a  mild  elevation  of  CG-a  in  parathyroid  venous 
effluent  alone  that  may  have  represented  subunit  release  by  apparently 
benign  parathyroid  tissue.   Thirty  patients  with  multiple  endocrine 
neoplasia  type  I  (MEN  I)  were  tested;  eight  evidenced  clinically  active 
islet  cell  tumors  and  six  of  these  eight  showed  high  circulating  concen- 
trations of  CG-a  (and  CG-3  in  one  case) .   Patients  in  the  MEN  I  group 
with  1°HPT  or  pituitary  tumors,  but  no  evident  pancreatic  islet  disease, 
did  not  show  elevations  in  subunit  concentrations.   Thus,  in  patients 
with  I'HPT,  determination  of  subunits  of  CG  may  be  helpful  in  making 
the  diagnosis  of  parathyroid  carcinoma  or  in  screening  for  associated 
(and  probably  malignant)  pancreatic  islet  disease. 

Radioimmunoassays  of  CG,  CG-a,  and  CG-6  in  sera  from  32  patients 
with  Zollinger-Ellison  syndrome  (ZES)  revealed  elevated  concentrations 
(above  the  99th  percentile  of  a  large  control  group)  of  CG-a  in  15  and 
CG-g  in  4  cases.   Neither  subunit  was  elevated  initially  in  17  of  24  "be- 
nign" ZES  patients,  although  2  of  them  developed  elevations  later  in  the 
course  of  their  disease.   Only  patients  with  proven  hepatic  or  distant 
metastases  were  classified  "malignant" :   7  out  of  8  of  these  had  elevated 
CG-a,  and  4  had  CG-g  elevations  in  serum.   In  7  patients  classified 
"benign",  initial  CG-a  concentrations  were  elevated  and  remained  so  or 
rose  further  during  2-4  years  of  follow-up:   two  of  these  now  have  metas- 
tases and  the  others  have  evidence  of  locally  invasive  disease  or  an  ex- 
panding mass  in  the  head  of  the  pancreas,  without  metastases.   Patients 
with  elevated  CG-g  appeared  to  have  a  particulary  bad  prognosis.   Sera 
from  17  patients  with  non-malignant  gastrointestinal  diseases  showed  no 
elevations  of  either  CG-a  or  CG-g. 

The  subunits  of  CG  appear  to  be  non-specific  but  sensitive  markers 
for  malignant  transformations  of  gastrinomas  and  may  prove  valuable  in 
the  management  and  prognosis  of  ZES. 
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We  are  collecting  sera  from  three  groups  of  patients  with  increased 
circulating  levels  of  immunoglobulin  (multiple  myeloma,  Waldenstrom's 
macroglobulinemia  and  "benign"  monoclonal  gammopathy) .   These  are  being 
studied  for  CG,  CG-ct,  CG-3,  placental  lactogen  (PL),  and  pregnancy- 
specific  3]_-glycoprotein  (SPj^)  to  see  whether  any  of  these  proteins  will 
be  useful  as  tumor  markers  and  whether  they  caii  help  discriminate  between 
"benign"  and  malignant  gammopathy. 

We  have  found  "pregnancy-specific  betaj^-glycoprotein"  (SP]^)  in  cul- 
ture media  of  virtually  all  human  fibroblast  eel  lines  examined.   It  was 
not  useful  as  a  tumor  marker  in  cases  of  fibro-  or  other  sarcomas  but 
elevated  concentrations  (133  ng/ml)  were  detected  in  the  serum  of  one 
young  man  (normal:   <  3.2,  95%  C.L.)  with  metastatic  fibrosarcoma.   Exam- 
ination of  serial  samples,  however,  revealed  no  correlation  of  serum  SP]_ 
with  body  burden  of  tumor. 

B.   In  Vitro  Studies 

One  hundred  endometrial  biopsies  of  various  histological  patterns, 
and  material  from  10  tubal  pregnancies  together  with  their  associated 
uterine  decidua,  were  examined  for  the  presence  of  human  placental  lacto- 
gen using  affinity-purified  first  and  second  antibodies,  and  an  indirect 
imraunoperoxidase  technique.   Positive  cells  in  endometrial  curettings 
were  seen  only  in  association  with  an  intrauterine  pregnancy,  and  morpho- 
logically resembled  syncytiotrophoblast .   Decidua  associated  with  tubal 
pregnancy,  pseudodecidua  in  progestogen-treated  patients,  and  prolifera- 
tive, secretory,  and  basal  endometria  were  all  negative.   An  iramunope- 
roxidase  stain  for  human  placental  lactogen  is  a  useful  marker  for  intra- 
uterine pregnancy  and  supports  the  placental  origin  of  the  syncytial 
giant  cells  in  so-called  "synctial  endometritis".   The  technique  is  of 
potential  value  in  those  endometrial  biopsies  where  pregnancy  is  suspected 
but  no  villi  are  seen. 

The  synthesis  of  S?^   was  studied  in  simian  virus  40  (SV40)  tempera- 
ture sensitive  A  (tsA)  mutant-transformed  human  first  trimester  and  term 
placental  cells.   At  the  permissive  temperature  (33  C,  transformed  pheno- 
type)  ,  they  produced  low  levels  of  SP]_.   At  the  restrictive  temperature 
(40  C),  the  transformed  phenotype  was  lost  and  the  production  of  SP2_  was 
greatly  enhanced.   The  S?-^   produced  by  these  transformed  placental  cells 
was  indistinguishable  from  purified  placental  S?-^    by  its  behavior  on  con- 
canavalln  A-Sepharose,  by  cochromatography  on  a  3io-Gel  A-0.5m  column,  and 
in  the  slope  of  its  RIA  dose-response  curve.   The  synthesis  of  SP]_ 
both  at  33  and  40  C  in  these  placental  cells  was  greatly  induced  by  sodium 
butyrate  and  5-bromo-2' -deoxyuridine  (BrdUrd).   Sodium  butyrate  was  a 
more  effective  Inducer  at  33  C  whereas  BrdUrd  appeared  to  be  a  better  in- 
ducer at  40  C. 
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The  molecular  properties  of  pregnancy-specific  8i-glycoprotein  (SP]_) 
have  been  evaluated  by  sedimentation  equilibrium,  gel  electrophoresis, 
and  circular  dichroic  measurements.   The  intensity  of  the  circular  di- 
chronic  spectrum  of  S7-^   in  the  far  ultraviolet  is  quite  low  with  a  positive 
maximum  at  235  nm  and  a  negative  maximum  at  215  nm.   The  235  nm  band  is 
lost  upon  treatment  with  mixed  exoglycosidases,  reducing  agents  and 
guanidinium  chloride,  but  not  by  treatment  with  neuraminidase.   Treatment 
of  SP-|_  with  neuraminidase  or  mixed  exoglycosidases  results  in  decreases 
in  the  apparent  molecular  weight  obtained  by  sodium  dodecyl  sulfate  gel 
electrophoresis.   The  molecular  weight  of  SP]_  in  6  M  guanidinium  chloride 
(+  reducing  agents)  by  equilibrium  sedimentation  ws  43,600.   In  the  ab- 
sence of  denaturing  agents,  SP]_  exists  in  the  form  of  aggregates  (at 
least  as  high  as  trimeric  SV-^)    that  dissociate  only  slowly  upon  dilution. 
The  presence  of  these  aggregates  may  contribute  to  the  reported  molecular 
heterogeneity  of  S?2_   as  found  by  Immunoelectrophoresis. 

Structural  analysis  of  the  carbohydrate  moieties  in  alpha  subunit 
prepared  from  the  CG  of  pregnancy  urine  has  been  carried  out  on  oligo- 
saccharides obtained  after  trifluoroacetolysis .   The  monosaccharides 
were  analyzed  by  gas-liquid  chromatography-mass  spectrometry  after  reduc- 
tion and  acetylation.   The  results  of  these  studies  are  compatible  with 
heterogeneity  of  urinary  CG-a.   In  addition  to  the  accepted  structure 
with  terminal  sialic  acid-a2, 3-galactose,  forms  have  been  found  with 
terminal  N-acetylglucosamine  on  one  or  both  antennae.   Quantitation  of 
the  various  forms  is  proceeding. 

The  large  foirm  of  PL  eluting  at  the  void  volume  of  dextran  (Sephadex 
GlOO)  and  polyacrylamide  (Bio  Gel  P  150)  colums  is  unstable,   l^en  stored 
at  4°C  for  3  weeks  in  azide,  aprotinin,  and  phenylmethylsulfonyl  fluoride, 
this  form  lost  85%  of  its  immunoactivity .   When  this  form  was  rechromato- 
graphed  on  GlOO  (after  storing  at  4°C  in  phosphate  buffer  with  ovalbumin 
for  6  days),  50%  of  the  activity  had  shifted  to  a  smaller  form.   The  chem- 
ical basis  for  this  instability  is  being  examined. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Inhibition  of  TSH  subunit  glycosylation  by  tunlcamycin  leads  to  rapid  intra- 
cellular proteolysis  of  nonglycosylated  subunits.   Neither  nonglycosylated  nor 
core-glycosylated  a  combines  with  normal  TSH-g  in  cell-free  combination  ex- 
periments.  Subcellular  fractionation  studies  show  a  translational  block,  of 
nascent  chains  at  11,000  daltons,  presumably  caused  by  glycosylation.   Subunit 
processing  occurs  in  both  the  rough  and  smooth  endoplasmic  reticulum  while 
combination  occurs  in  the  smooth  endoplasmic  reticulum  or  golgi. 
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Project  Description: 

I.  Studies  in  Dispersed  Thyrotroph  Cells 

We  have  continued  studies  of  de_   novo  TSH  biosynthesis  in  primary 
cultures  of  mouse  thyrotropic  tumor  cells.   In  the  presence  of  tunicamy- 
cin,  which  inhibits  glycosylation,  there  is  the  appearance  of  carbohydrate- 
free  11  K  a  and  13  K  B  subunits.   Pulse-chase  studies  reveal  that  50%  of 
these  non-glycosylated  subunits  are  degraded  intracellularly  before  se- 
cretion.  In  contrast,  neither  glycosylated  subunits  nor  other  proteins 
present  in  the  thyrotroph  are  degraded  with  or  without  tunicaraycin. 

In  cell-free  combination  studies,  neither  the  nonglycosylated  11  K  a 
nor  the  core  glycosylated  18  K  a  will  combine  with  normal  bovine  TSH-S 
to  form  TSH.   However,  21-23  K  "mature"  a  shows  30-40%  combining  activity. 
Certain  of  these  forms  may  have  additional  terminal  carbohydrate  residues 
that  Inhibit  combination. 

Currently  we  are  attempting  to  characterize  the  carbohydrate  struc- 
ture of  various  subunit  forms  by  the  use  of  endoglycosidase  H,  an  enzyme 
that  cleaves  only  high  mannose-containing  residues.   Preliminary  studies 
indicate  that  18  K  a  is  endo  H  sensitive,  but  must  be  fully  denatured  be- 
fore this  enzyme  can  cleave  the  high  mannose  oligosaccharide. 

II.  Studies  of  Subcellular  Fractions 

In  order  to  learn  the  subcellular  sites  of  subunit  processing  and 
combination,  differential  and  sucrose  density  gradient  centrif ugation 
were  employed  to  isolate  ribosomes  with  attached  nascent  chains  as  well 
as  vesicles  of  rough  endoplasmic  reticulum  (e.r.),  smooth  e.r.  or  golgi. 

In  one  series  of  experiments,  unlabeled  nascent  chains  were  displaced 
from  ribosomes  with  -^H-puromycin.   Techniques  of  iramunoprecipitation  and 
SDS  gel  electrophoresis  disclosed  a  spectrum  of  molecular  weights  for  such 
nascent  chains,  with  a  predominance  of  about  11  K,  the  weight  of  unglyco- 
sylated  core  subunit.   The  pattern  was  suggestive  of  the  "translational 
block"  phenomenon  seen  by  others  in  studies  of  immunoglobulin  biosynthesis; 
i.e.,  there  may  be  either  an  initiation  block  or  pause  in  chain  elongation 
at  the  time  of  dolichol  addition,  which  favors  the  accumulation  of  nascent 
chains  of  particular  molecular  weights. 

In  other  experiments,  mouse  thyrotropic  tumor  slices  were  incubated 
with  -^^S-methionine  for  10  or  60  minutes,  homogenized  and  fractionated  by 
centrifugation.   Electron  microscopy  of  microsomal  fractions  at  inter- 
faces 1.35/2.0  M,  0.86/1.35  M  and  0.6/0.86  M  sucrose  revealed  ratios  of 
smooth  or  golgi  vesicles:   rough  of  <  10:>  90,  80:20  and  >  90:<  10, 
respectively.   Detergent-solubilized  radioactivity  was  immunoprecipitated 
with  anti-bLHa  or  anti-b  TSH6  sera,  and  subunits  were  analyzed  by  SDS 
gel  electrophoresis.   Acid  dissociation  methods  demonstrated  that  -"-^S  in 
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the  21  K  gel  region  of  anti-B  represented  a  subunit  derived  from  intact 
TSH. 

We  found  that  most  of  the  time-dependent  processing  of  11  K  and  18  K 
to  21  K  a  occurs  in  the  rough  endoplasmic  reticulum,  while  most  of  the 
combination  of  a  and  B  subunits  occurs  in  the  smooth  e.r.  or  golgi.   These 
results  are  consistent  with  previous  data  showing  that  carboydrate  pro- 
cessing appears  to  be  necessary  for  subunit  combination. 
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(Eds.):   Thyroid  Research  VIII.   Canberra,  Australian  Academy  of  Sci- 
ence, 1980,  pp.  43-46. 

2.  Weintraub,  B.  D.,  Kourides,  I.  A.,  Stannard,  B.  S.,  Giudice,  L.  C, 
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F.  A.  0.  (Eds.):   Endocrinology,  1980 ,  Proceedings  of  the  VI  Interna- 
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3.  Weintraub,  B.  D.,  Stannard,  B.  S.,  Linnekin,  D.,  and  Marshall,  M. : 
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Chem.  255:  5715-5723,  1980. 
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mone s ,  Proteins  and  Enzymes .   Amsterdam,  Excerpta  Medica,  1980, 
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I  SUMMARY  OF  WORK  (200  «ords  or  less  -  underline  keywords) 

The  role  of  adenosine  in  secretion  has  been  extended  to  the  thyroid  which 
shows  membranes  that  appear  to  lose  their  receptor  response  when  isolated. 
In  intact  thyroid  fragments ,  cAMP  can  be  readily  demonstrated  to  increase 
after  exposure  to  adenosine  analogs.   The  properties  of  this  response  are 
characteristic  of  an  Ra  adenosine  receptor. 
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Project  Description: 


Adenosine  analogs  stimulate  cAMP  accumulation  in  fragments  of  guinea 
pig  thyroid  exposed  to  the  nucleoside  in   vitro.   Only  partial  agonism  is 
observed  but  it  follows  the  potency  sequence  N-ethylcarboxamido  adenosine 
>  2-chloroadenosine  >  N^phenylisopropyladenosine,  and  is  antagonized  by 
theophylline.   Hence,  guinea  pig  thyroid  exhibits  the  properties  of  an 
Ra  type  of  adenosine  receptor.   Why  it  remains  difficult  to  evoke  such 
responses  in  isolated  membranes  is  under  investigation. 
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SUMMARY  OF  ,ORK  (200  -orOs  or    less  -  uncerline  keywords) 

Activation  of  thyroid  adenylate  cyclase  by  guanine  nucleotides  occurs  through 
two  kinetically  distinct  steps  that  aay  be  related  to  two  binding  sites  on 
one  regulator  protein  or  two  different  regulator  proteins. 
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Project  Description: 

The  relation  of  different  physical  states  of  solubilized  adenylate 
cyclase  to  the  G  nucleotide  regulator  protein  was  investigated  kinetically . 
Using  App(NH)p  as  a  substrate,  modulation  of  fluoride  stimulated  activity 
by  guanine  nucleotides  could  be  observed.   In  conjunction  with  fluoride 
(10  mM) ,  GTP  (10  uM)  enhanced  adenylate  cyclase  activity  while  GDP 
(10  uM)  inhibited  the  same  reaction  relative  to  fluoride  alone.   Neither 
of  three  analogues  Gpp(NH)p,  GTPyS  or  GDPgS  had  any  effect.   These 
effects  could  not  be  observed  when  using  ATP  as  the  substrate  with  a 
nucleotide  triphosphate  regenerating  system.   Fluoride  was  shown  to  in- 
hibit GTPase  activities  present  in  the  membrane  approximately  four-fold, 
suggesting  a  possible  mechanism  for  the  synergistic  behavior  of  fluoride 
and  GTP. 

The  activation  of  thyroid  adenylate  cyclase  by  Gpp(NH)p  was  studied 
by  steady  state  kinetics.   Computer  treatment  of  the  data  obtained  over  a 
wide  range  of  substrate  concentrations  (0.03-30  uM)  resulted  in  non- 
linear Eadie-Hof stee  plots,  suggesting  the  possible  involvement  of  two  in 
dependent  guanine  nucleotide  binding  sites  or  two  sites  exhibiting  nega- 
tive cooperativity .   When  GDPgS  was  used  to  look  at  inhibition  kinetics 
again,  non-linearity  was  observed  and  the  system  was  not  subject  to  simple 
competitive  inhibition.   This  could  be  demonstrated  by  the  lack  of  com- 
plete inhibition  of  Gpp(NH)p-stimulated  cyclase;  a  resultant  data  reduc- 
tion revealed  that  only  one  of  the  two  postulated  Gpp(NH)p  binding  sites 
was  inhibited. 

Publications : 
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SUMMARY  OF  <iCRK  (200  ,ords  or  less  -  underline  <eyworas) 

Lac toper oxidase-induced  splitting  of  a_   from  £  tubulin  does  not  interfere  with 
colchicine  binding ,  suggesting  only  one  of  the  subunits  is  required  for  bind- 
ing.  The  chemical  specificity  of  such  binding  is  more  stringent  on  tubulin 
but  of  higher  affinity  on  antibodies. 
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Project  Description: 

The  role  of  tubulin  in  secretion  has  led  us  to  extensive  studies  of 
tubulin  and  its  interactions  with  colchicine  and  calcium.   It  was  found 
that  lactoperoxidase  binds  to  tubulin  by  a  heme-SH  interaction  which 
leads  to  dissocation  of  the  a  and  3  subunits.   We  conclude  that  the  col- 
chicine binding  activity  and  the  polymerization  capacity  of  tubulin  are 
differently  altered  by  the  dissociation  of  the  a  and  3  subunits.   Lacto- 
peroxidase does  not  affect  colchicine  binding.   Since  a  maximum  of  1  col- 
chicine is  bound/dimer,  the  colchicine  binding  site  is  probably  located 
on  only  one  of  the  two  tubulin  subunits  and  the  presence  of  the  other  is 
not  obligatory.   On  the  other  hand,  binding  of  lactoperoxidase  interferes 
with  the  ability  of  tubulin  to  polymerize  by  a  mechanism  that  appears  to 
involve  the  dissociation  of  the  subunits  and  possibly  other  effects  as 
well. 

The  binding  interaction  has  also  permitted  a  rapid  purification  of 
tubulin.   Brain  tubulin  binds  to  lactoperoxidase  coupled  to  Affigel  10 
through  a  10  V  succinylated  aminoalkyl  spacer  and  can  be  eluted  by  an 
ionic  strength  gradient.   The  tubulin  can  be  obtained  about  90%  electro- 
phoretically  pure  in  2  to  3  h  without  glycerol  or  GTP.   It  retains  its 
ability  to  bind  colchicine.   Compared  to  tubulin  purified  by  the  assembly 
disassembly  procedure,  affinity-purified  tubulin  has  a  higher  critical 
concentration  for  polymerization  and  the  purified  protein  appears  to  be 
free  of  high  molecular  weight  microtubule-associated  proteins.   Tubulin 
binding  to  the  lactoperoxidase  affinity  column  protects  the  colchicine 
binding  site  against  decay  at  4°C,  whereas  the  interaction  of  tubulin 
with  soluble  lactoperoxidase  does  not. 

We  have  also  compared  colchicine  binding  to  tubulin  with  that  to 
specifically  prepared  antibodies.   Antibodies  to  colchicine  have  been  pre- 
pared by  injecting  rabbits  with  an  antigen  prepared  by  coupling  deacetyl- 
colchlcine  to  bovine  serum  albumin  with  a  water-soluble  carbodiimide. 
Sera  of  high  titer  were  obtained  with  apparent  dissociation  constants  for 
colchicine  ranging  from  5  to  17  nM   Binding  was  rapid  and  occurred  at  low 
temperatures.   The  chemical  specificity  of  the  binding  site(s)  resembled 
that  in  tubulin  for  the  A  and  B  rings  of  colchicine.   Unlike  tubulin,  the 
antibody  binding  site  tolerated  numerous  changes  in  the  tropolone  moiety 
(C  ring).   In  contrast  to  tubulin,  binding  of  colchicine  to  the  antibody 
was  high  enough  to  prevent  colchicine  fluorescence  in  the  presence  of 
tubulin  and  to  restore  polymerization  in  colchicine-inhibited  tubulin 
preparations. 

Finally,  the  role  of  Ca^"*"  in  tubulin  polymerization  has  been  investi- 
gated.  We  find  that  factors  that  promote  nucleation  such  as  increased 
tubulin  concentration  or  temperature,  addition  of  microtubule  seeds  or 
16  S  oligomers  decrease  the  intrinsic  high  Ca^"*"  sensitivity  for  inhibition 
of  polymerization.   Calmodulin  enhances  that  sensitivity.   The  precise 
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>d  protein 
sensitivity  is  currently  under  study. 


7+ 
contribution  of  microtubule-associated  proteins  to  Ca   and  calmodulin 
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2.  Rousset,  B.  and  Wolff,  J.  :   Purification  of  brain  tubulin  by  affinity 
chromatography  on  immobilized  lactoperoxidase.   J.  Biol.  Chem.  255: 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Adenylate  cyclase  of  S.  pertussis   culture  media  is  stimualted  3-10  fold  by 
various  amphiphiles.   Stimulation  is  not  critically  dependent  on  polar  bead 
groups,  fatty  acid  chain  length  or  critical  micelle  concentration.   The 
sensitivity  toward  calmodulin  is  enhanced  by  amphiphiles. 
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Project  Description: 

Bordetella  pertussis  organisms  secrete  a  soluble  adenylate  cyclase 
into  the  periplastic  space  whence  the  enzyme  finds  its  way  into  the  cul- 
ture medium.   The  activity  associated  with  the  organisms  or  the  culture 
medium  is  markedly  influenced  by  growth  conditions  of  the  organism  due  to 
the  presence  of  an  activator  in  some  of  the  media  and  not  others.   This 
activator  has  been  identified  as  calmodulin.   Activatability  of  the  enzyme 
by  Ca   /calmodulin  appears  to  be  stable  in  the  intact,  stored  organisms 
and  in  crude  culture  supernatants .   The  latter  enzyme  can  be  purified  but 
concomitant  with  purification  it  progressively  loses  the  ability  to  become 
stimulated  by  Ca   /calmodulin.   We,  therefore,  undertook  a  search  for  an 
additional  factor  required  to  promote  or  permit  the  activation  by  cal- 
modulin. 

In  the  absence  of  calmodulin,  the  adenylate  cyclase  activity  of 
Bordetella  pertussis  culture  supernatants  is  activated  3-10  fold  by  va- 
rious amphiphiles  including  many  classes  of  phospholipids  and  nonionic 
detergents.    Gangliosides  are  inhibitory.   The  stimulation  affects  the 
^raax  ^^'^   "°'-  ^^^    \i'      Neither  the  nature  of  the  polar  head  group,  the 
length  of  the  fatty  acid  chains,  nor  the  hydrophile-lipophile  balance 
(in  the  Triton  X  series)  are  major  determinants  for  activation.   Short- 
chain  lecithins  activate  as  monomers,  whereas  long-chain  lecithins  ac- 
tivate only  above  the  critical  micelle  concentrations,  suggesting  high 
affinity  hydrophobic  binding  sites. 

Judged  by  EGTA  inhibition,  the  amphiphile-mediated  activation  re- 
quires Ca"^   in  the  absence  of  calmodulin.   In  addition,  amphiphiles  sensi- 
tize the  adenylate  cyclase  to  Ca^  /calmodulin  and  are  also  synergistic 
with  calmodulin  for  maximal  stimulation. 

We  have  also  found  that  a  variety  of  proteins  and  tissue  preparations 
(rabbit  erythrocyte  lysate,  catalase,  peroxidase,  creatine  phosphokinase, 
and  lima  bean  trypsin  inhibitor)  contain  protein  activator(s)  of  the  ex- 
tracellular adenylate  cyclase  of  intact  Bordetella  pertussis  organisms. 
Stimulation  of  adenylate  cyclase  activity  of  up  to  1000-fold  over  basal 
activity  can  be  obtained.   Activation  of  the  adenylate  cyclase  is  due  to 
the  presence  of  calmodulin  in  these  protein  preparations.   The  criteria 
to  establish  this  were:   Ca   dependence  of  the  activation,  inhibition  by 
trifluoperazine,  heat  stability  of  the  activator,  chromatographic  behavior 
like  authentic  calmodulin,  and  stimulation  of  cyclic  nucleotide  phospho- 
diesterase by  the  activators.   The  great  sensitivity  of  the  B.  pertussis 
adenylate  cyclase  assay  makes  this  an  ideal  system  for  the  detection  of 
trace  amounts  of  calmodulin,  in  the  presence  of  large  amounts  of  other 
proteins. 
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SUMMARY    OF    *ORK    (200    -orts    or    less    -    underline    ^ey-ordsj 

Studies  continue  on  syndromes  of  hypogonado tropic  hypogonadism  with  anosmia 
(the  Kallmann  syndrome)  and  without  anosmia,  as  well  as  on  patients  with 
anosmia  who  are  clinically  eugonadal.   Episodic  secretion  of  pituitary 
gonadotropics  is  being  monitored  in  selected  patients  from  all  three  groups. 
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A.   The  Syndrome  of  Hypogonadotropic  Hypogonadism  and  Anosmia  (HHA):   The 
Kallman  Syndrome 

Two  addi'"ional  cases  of  HHA  have  been  recognized  in  the  large  kindred 
from  Vermont  that  we  have  been  studying  for  several  years.   One  of  these 
siblings  was  investigated  here;  his  sister  has  been  studied  elsewhere.   Of 
particular  interest  was  the  documentation  of  hypogonadotropic  hypogonadism 
(HH)  in  his  paternal  aunt  (who  has  a  normal  sense  of  smell);  another  dis- 
tant relative  with  HH  and  normal  olfaction  has  also  been  identified  in 
this  kindred.   Nbreover,  examination  of  old  church  records  has  disclosed 
that  this  new  sibship  was  consanguineous,  linked  by  a  marriage  six  genera- 
tions earlier. 

We  are  also  studying  the  episodic  secretion  of  pituitary  gonadotropins 
by  patients  with  HHA.   Usually,  the  hypogonadotropinemia  of  patients  with 
HHA  is  due  to  a  decrease  in  both  amplitude  and  frequency  of  secretory 
pulses.   However,  there  appears  to  be  some  heterogeneity  -  much  as  there 
is  clinical  heterogeneity  in  these  syndromes  -  and  there  may  be  subsets  of 
patients  with  differences  in  secretion  of  LH  versus  FSH,  or  with  decreased 
amplitude  but  normal  frequency,  etc.   As  controls,  we  are  studying  both 
patients  with  HH  and  with  isolated  congenital  anosmia. 
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eunuchs"  with  congenital  hypogonadotropic  hypogonadism  and  anosmia 
(the  Kallman  syndrome).   J.  Clin.  Endocrinol.  Nfetab.  51:  275-279,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Heterogeneous  forms  of  bovine,  mouse  and  human  TSH  show  differences  in 
receptor  binding  and  cyclase  activating  properties.   Certain  of  these  forms 
|may  be  competitive  inhibitors  of  the  action  of  TSH.   Lymphapheresis  and 
j plasmapheresis  appear  to  be  of  moderate  benefit  in  the  treatment  of  Graves' 
{ophthalmopathy . 
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I.  Heterogeneous  Forms  of  Mouse  and  Bovine  TSH 

We  have  continued  to  study  the  receptor-binding  as  well  as  the 
adenylate  cyclase  activation  of  heterogeneous  forms  of  TSH  derived  from 
various  sources.   Mouse  thyrotropic  tumor,  sera  and  media  as  well  as 
partially  and  highly  purified  preparations  of  bovine  pituitary  TSH  have 
been  fractionated  on  long  columns  of  Sephadex  G  100.   Each  of  these  prep- 
arations show  multiple  forms  which  differ  in  their  receptor  binding  and 
adenylate  cyclase  stimulating  properties.   Certain  of  these  forms  with 
high  receptor  binding/cyclase  ratios  appear  to  act  as  competitive  in- 
hibitors to  the  cyclase  stimulation  caused  by  standard  bovine  TSH.   We 
believe  that  these  heterogeneous  forms  differ  in  carbohydrate  and  that 
proper  glycosylation  is  necessary  for  coupling  the  TSH  receptor  to 
adenylate  cyclase. 

II.  Human  TSH  with  Impaired  Biologic  Activity 

We  have  found  various  forms  of  human  serum  TSH  with  normal  receptor 
binding  but  poor  activation  of  cyclase.   One  such  form  is  a  high  molecular 
weight  TSH  which  appears  to  be  bound  to  a  protein  component  of  serum. 
Another  such  form  is  present  in  sera  from  patients  with  hypothalamic  TSH 
deficiency.   This  form  of  TSH  is  of  normal  molecular  weight  but  may  be 
deficient  in  terminal  carbohydrate  residues. 

III.  Effect  of  Cytopheresis  in  Graves'  Disease 

We  have  now  treated  7  patients  with  Graves'  exophthalmos  with  a 
six-week  course  (two  procedures  per  week)  of  either  plasma-  or  lympha- 
pharesis.   Certain  of  the  patients  have  had  moderate  subjective  and  ob- 
jective improvement  in  ophthalmopathy  during  the  procedures.   Two  of  the 
patients  have  shown  complete  remission  of  their  thyroid-binding  immuno- 
globulins.  We  are  currently  studying  the  effects  of  these  procedures  on 
thyroid  as  well  as  immune  function. 
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SUMMARY  OF  *;ORK  (200  words  or  less  -  underline  keywords) 

Primary  cultured  rat  hepatocytes  were  found  to  resemble  normal  hepatocytes 
in  their  metabolism  of  thyroid  hormones  by  deiodination  and  conjugation. 
These  cells  were  used  to  investigate  the  regulation  of  thyroxine  deiodina- 
tion.  Insulin  was  found  to  stimulate  5 '-deiodination.   Glucagon  prevented 
the  insulin  effect,  but  did  not  alter  deiodination  in  the  absence  of  in- 
sulin.  Glucose  had  no  effect  and  did  not  alter  the  effect  of  the  hormones. 
These  findings  may  explain  the  inhibition  of  T4  conversion  to  3, 5, 3 '-tri- 
iodothyronine observed  during  fasting,  and  its  restoration  by  refeeding,  in 


the  whole  animal 

A  new  synthesis  for  inner-ring  labeled  triiodothyronine  has  been  devised. 


831 


Project  No.  ZOl  AM  45024-05 

Project  Description: 

The  mammalian  organism  has  an  apparent  adaptation  mechanism  for  thy- 
roid hormone  metabolism  by  which  the  conversion  of  thyroxine  (T4)  to  bio- 
logically active  3, 5,3 '-triiodothyronine  (T3)  is  decreased  in  fasting  and 
increased  by  refeeding,  especially  of  carbohydrate.   We  investigated  the 
mechanism  of  this  effect  in  primary  monolayer  cultures  of  adult  rat 
hepatocytes.   These  cultured  rat  hepatocytes  showed  deiodination  patterns 
more  closely  resembling  those  in  normal  liver  compared  to  the  monkey 
hepatocarcinoma  cells  used  in  our  earlier  studies.   These  cells  also  car- 
ried out  conjugation  with  glucuronide  as  well  as  with  sulfate,  in  contrast 
to  the  tumor  cells. 

Incubation  of  the  rat  hepatocytes  with  combinations  of  insulin,  glu- 
cagon and/or  glucose  for  5  hours  showed  that  insulin  stimulated  T4  5'- 
deiodination,  whereas  glucagon  inhibited  the  insulin  stimulation  but  had 
no  effect  in  the  absence  of  insulin.   Glucose  had  no  effect  and  did  not 
alter  the  effect  of  the  hormones.   This  insulin  effect  had  not  been  de- 
tected previously  because  it  requires  several  hours  in  order  to  develop. 
These  data  suggest  that  the  inhibition  of  T4  5 '-deiodination  observed 
during  fasting,  and  its  restoration  by  refeeding,  may  be  related  to  in- 
sulin and  glucagon  release  rather  than  being  dependent  on  glucose  per  se . 

Inner-ring  labeled  3, 5, 3 '-triiodothyronine  is  a  useful  tracer  for 
deiodination  studies,  but  has  been  difficult  to  obtain.   A  method  has 
been  devised  in  which  this  compound  is  synthesized  by  the  standard 
coupling  reaction  to  make  inner-ring  labeled  thyroxine,  followed  by 
controlled  partial  deiodination  of  the  phenolic  ring. 
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1980. 

4.  Pangaro,  L. ,  Burman,  K.  D.,  Wartofsky,  L. ,  Cahnmann,  H.  J., 
Smallridge,  R.  C,  O'Brian,  J.  T.,  Wright,  F.  D.,  and  Latham,  K.  : 
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Metab.  50:  1075-1081,  1980. 
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SUMMARY    OF    WORK    (200   words    or    less    -    underline    keywords) 

Two-dimensional  gel  electrophoresis  of  the  changes  in  nucleoprotein  of  rat 
liver  was  extended  through  the  development  of  computerized  quantitation  of 
the  different  proteins.   Of  some  500  proteins,  102  either  disappeared  or  were 
markedly  reduced  in  livers  from  hypothyroid  rats.   These  changes  are  the 
greatest  in  number  and  in  quantity  ever  reported  as  an  effect  of  thyroid 
hormone.   Additional  studies  on  post- transcriptional  modification  of  nucleo- 
proteins showed  that  thyroidectomy  inhibited  acetylation,  phosphorylation  and 
ADP  ribosylation  of  many  of  these  proteins.   Since  some  of  these  reactions 
may  affect  gene  activity  and  since,  in  general,  actively  transcribed  genes 
are  more  sensitive  to  DNase  I  and  micrococcal  nuclease,  we  investigated  the 
effect  of  thyroid  states  on  chromatin  sensitivity  to  nucleases.   We  found 
that  hypothyroidism  was  associated  with  decreased  solubilization  of  liver 
chromatin  to  both  DNase  I  and  micrococcal  nuclease. 
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We  have  extended  our  studies  on  Che  labeling  of  the  thyroid  hormone 
receptor  from  rat  liver  nuclei  to  obtain  additional  proof  of  the 
specificity  of  N-broraoacetyl  (BrAc)  derivatives  of  L-thyroxine  (T4) 
and  3,3'5-triiodo-L-thyronine  (T3). 

It  is  clear  from  binding  studied  by  Sephadex  gel  chromatography  and 
HPLC  that  BrAc  derivatives  of  T3  or  T4  compete  for  the  same  binding 
site  In  the  nuclear  receptor  from  rat  liver.   The  same  chromatographic 


the  inability  of  BrAc[    I]T3  to  label  heat-treated  nuclear  receptor 
is  additional  proof  of  the  specificity  in  labeling  of  the  T3  binding 
sites.   Gel  electrophoresis  of  Ac[    I]T3-  or  Ac[  ~  IJT^-labeled  nu- 
clear receptor  in  the  presence  of  denaturing  agents  under  reducing 
conditions  indicated  that  a  single  protein  species  was  covalently 
labeled  with  the  BrAc  derivatives.   We  found  that  Ac[    I]T3-  and 
Ac[I]T/ -labeled  nuclear  receptor  protein  showed  the  same  chromato- 
graphic pattern  and  identical  electrophoretic  mobilities  and  thus 
demonstrated  that  T3  and  T4  bind  to  the  same  protein,  which  has  a 
molecular  weight  of  56,000. 

Quantitative  changes  in  nuclear  proteins  from  control,  thyroidectoraized 
and  T3-treated  thyroidectomized  rats  was  accomplished  by  means  of  com- 
puter analysis  of  two-dimensional  gels. 

A  computer  program  was  designed  to  measure  the  relative  concentration 
of  each  protein.   Approximately  500  protein  subunits  could  be  dis- 
tinguished.  Of  these,  102  either  disappeared  or  were  markedly  de- 
creased after  thyroidectomy.   Shortly  after  administration  of  T3  (6 
hours),  13  proteins  reappeared  and  by  24  hours,  67  additional  proteins 
had  reappeared.   These  changes  in  protein  concentrations  are  both  the 
greatest  in  number  and  the  largest  reported  as  an  effect  of  thyroid 
hormone.   Twenty-four  hours  after  T3  administration,  some  22  proteins 
seen  in  normal  liver  could  not  be  found.   Two  new  proteins  appeared 
in  thyroidectoraized  rat  liver  nuclei.   We  conclude  that  a  major  and 
rapid  effect  of  thyroid  hormone  is  exerted  upon  hepatic  nucleoproteins • 

The  effect  of  thyroid  hormone  on  acetylation,  phosphorylation  and  ADP- 
ribosylation  of  rat  liver  nucleoproteins  was  studied  by  incubating  in- 
tact nuclei  with  labeled  precursors.   Acetylation,  which  occurred  in 
histones  and  low  molecular  weight  proteins  (<  20,000),  was  depressed 
in  nuclei  from  thyroidectomized  animals.   The  administration  of  T3  in- 
creased acetate  incorporation  to  50%  over  contorl  levels.   Incorpora- 
tion of  labeled  phosphate  from  ATP  in  control  animals  was  found  in 
nucleoproteins  ranging  in  molecular  weight  from  that  of  histones  to 
greater  than  100,000.   Incorporation  into  most  proteins  was  decreased 
in  nuclei  from  thyroidectomized  animals  and  increased  by  the  admin- 
istration of  T3 .   The  greatest  increase  produced  by  T3  (to  140%  of 
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control  values)  was  seen  in  proteins  of  molecular  weight  greater  than 
68,000.   Incorporation  of  labeled  ADP  ribose  from  NAD  was  seen  in 
many  different  nucleoproteins  and  was  particularly  prominent  in  a  pro- 
tein of  103,000.   Nuclei  from  thyroidectomized  animals  incorporated 
less  ADP  ribose  in  most  proteins.   Both  high  molecular  weight  proteins 
(>  68,000)  and  low  molecular  weight  proteins  (<  30,000)  showed  a 
further  decrease  in  ADP  ribose  incorporation  in  nuclei  from  thyroid- 
ectomized rats  given  T3 .   However,  a  few  proteins  of  the  middle 
molecular  weight  class  showed  increased  ADP  incorporation  subsequent 
to  the  injection  of  T3.   We  suggest  that  a  generalized  increase  in 
protein  synthetic  rates  previously  noted  to  be  caused  by  T3  may  be 
due  to  increased  acetylation  and  phosphorylation  of  histones  and 
other  proteins  which  accelerate  transcription  of  already  active  genes. 

4.   The  above  studies  showed  that  some  proteins  were  more  phosphorylated 
or  acetylated  than  others  after  T3  treatment.   Using  these  results  and 
knowing  that  (1)  transcriptionally  active  regions  of  DNA  show  a  higher 
degree  of  acetylation  and  phosphorylation  and  that  (2)  raicrococcal  nu- 
clease and  deoxyribonuclease  I  preferentially  digest  transcriptionally 
active  genes,  we  investigated  differences  in  the  rate  of  digestion  of 
DNA  from  rat  liver  nuclei  of  control,  thyroidectomized  and  T3-treated 
thryoidectomized  rats.   Freshly  prepared  nuclei  were  adjusted  to 
20  0D2gQ  in  .5  ml  of  incubation  buffer  containing  Ca   and  Mg   and 
incubated  with  micrococcal  nuclease  (400  U)  or  deoxyribonuclease  I 
(30  U)  on  ice  for  different  times.   Digestion  was  stopped  with  EDTA 
and  the  amount  of  DNA  released  in  the  supernatant  was  determined  by 
fluorometric  assay.   The  preliminary  results  indicate  that,  24  h  after 
injection  of  T3  (1  mg/100  g  body  weight)  to  thyroidectomized  rats,  the 
rate  of  digestion  by  micrococcal  nuclease  reached  140%  when  compared 
with  nuclei  prepared  from  thyroidectomized  rats.   Digestion  with  de- 
oxyribonuclease I  followed  basically  the  same  pattern.   At  the  present 
time,  we  are  studying  a  T3  dose  and  time  response. 

Publications: 

1.  Nikodem,  V.  M. ,  Cheng,  S.-Y.,  and  Rail,  J.  E.:   Affinity  labeling  of 
rat  liver  thyroid  hormone  nuclear  receptor.   Proc.  Natl.  Acad.  Sci. 
USA  77:  7064-7068,  1980. 

2.  Robbins,  J,,  Rail,  J.  E.,  and  Gorden,  P.:   The  Thyroid  and  Iodine 
>fetabolism.   In  Bondy,  P.  K.  and  Rosenberg,  L.  E.  (Eds.):   Metabolic 
Control  and  Disease.   Philadelphia,  W.  B.  Saunders,  Company,  1980, 
pp.  1325^^21!^ 

3.  Nikodem,  V.  M. ,  Trus,  B.  L. ,  and  Rail,  J.  E.:   Two-dimensional  gel 
analysis  of  rat  liver  nuclear  proteins  after  thyroidecotmy  and  thyroid 
hormone  treatment.   Proc.  Natl.  Acad.  Sci.  USA,  in  press. 
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SUMMARY    OF    WORK    (200    words    or    less    -    underline    keywords) 

Rhodamine-labeled  triiodothyronine  and  isopropyl-diiodo thyronine  were  shown 
to  enter  monkey  hepatocarcinoma  cells  growing  as  monolayer  cultures,  and  to 
accumulate  in  the  nucleus  in  a  manner  similar  to  the  parent  hormone.   This 
system  should  be  useful  for  further  study  of  the  mechanism  by  which  thyroid 
hormones  enter  the  mammalian  hepatocyte  and  other  cells. 
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Project  Description: 

In  previous  work,  a  fluorescent  derivative  -  rhodaaiine-labeled  tri- 
iodothyronine -  was  used  to  study  cell  uptake  of  thyroid  hormone.   Using 
video-intensif i«_ation  fluorescence  microscopy,  receptor-mediated  uptake 
In  coated  pits,  and  subsequent  endocytosis,  was  demonstrated  in  cultured 
fibroblasts.   Nuclear  localization,  however,  could  not  be  identified.   The 
present  study  examined  the  interaction  of  rhodamine-T3  and  related  com- 
pounds with  monolayer  cultures  of  monkey  hepatocarcinoma  cells.   I'^-'i- 
labeled  T3,  rhodamine-T3  and  rhodamine  isopropyl-T2  were  used,  and  the 
cell  nuclei  were  isolated  and  counted.   It  was  shown  that  all  compounds 
were  incorporated  into  the  nucleus,  reaching  equilibrium  in  2  hours.   Thus, 
the  fluorescent  derivatives  reach  the  nuclear  receptor  in  a  manner  similar 
to  that  shown  by  the  parent  hormone.   Their  affinity  for  the  receptor, 
however,  is  2  orders  of  magnitude  lower.   This  system  should  be  useful  for 
further  study  by  fluorescence  microscopy. 

Publications: 

1.   Cheng,  S.-Y.,  Maxfield,  F.  R.  ,  Robbins,  J.,  Willingham,  M.  C,  and 
Pastan,  I.:   Receptor  mediated  uptake  of  3, 5,3 '-triiodothyronine  by 
cultured  fibroblasts.   Proc  Natl.  Acad.  Sci.  (USA)  77:  3425-3429, 
1980. 
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SUf/MARY    OF    WORK"  (20C    words    or    less    -    underline    keywords) 

We  continued  to  investigate  the  mechanisms  of  hyperpigmentation  and 
of  hyperprolactinemia  in  a  woman  with  the  POEMS  syndrome. 
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Project  Description: 

We  continue  to  study  M. K. ,  a  A8-year-old  white  woman  of  Italian 
ancestry  who  has  a  syndrome  characterized  by  hyperpigmentation  and  thick- 
ening of  the  skin,  hyperprolactinemia  and  galactorrhea,  splenomegaly,  and 
a  circulating  monoclonal  IgG  kappa  light  chain.   Recently,  Bardwick  et  al. 
(Medicine  59:  311,  1980)  reported  on  39  patients  from  the  literature  and  2 
patients  of  their  own  who  had  a  similar  syndrome.   They  identified  the 
common  features  in  these  patients  as  polyneuropathy,  organomegaly,  endo- 
crinopathy,  M-component,  and  2_kin  changes  and  they  named  this  the  POEMS 
syndrome.   Two  of  their  patients,  like  our  own,  had  unexplained  hyperpro- 
lactinemia.  Many  patients  in  the  literature  had  oligomenorrhea/amenorrhea, 
or  impotence,  but  their  prolactin  (PRL)  status  was  not  reported.   M. K. 
differs  from  most  other  POEMS  patients  because  she  has  no  neuropathy,  and 
because  she  has  a  kappa-type  M-coraponent  (rather  than  the  lambda-type 
usually  seen  in  this  syndrome). 

We  are  attempting  to  answer  the  following  questions:   1)  Does  the 
monoclonal  IgG  stimulate  melanin  production?   2)  What  is  the  etiology  of 
the  hyperprolactinemia?   3)  Is  hyperprolactinemia  a  common  finding  in 
patients  with  the  P0E:-1S  syndrome? 

Melanin  production  by  melanoma  cells  j^  vitro  was  not  augmented  by 
M. K. 's  serum,  or  by  her  IgG,  as  measured  in  a  spectrophotoraetric  assay 
(Dr.  Abla  Creasey) .   A  more  sensitive  technique  for  assessing  melanin 
synthesis  is  by  measuring  the  incorporation  of  ■'■'^C-tyrosine  into  melanin, 
and  we  plan  to  use  this  method  with  the  help  of  Dr.  J.  R.  Whittaker. 

'M.K. 's  IgG  could  increase  her  serum  prolactin  by  enhancing  PRL 
production  or  decreasing  its  clearance.   The  latter  is  unlikely:   We 
found  that  IgG^  did  not  bind  125];_pRL  in  vitro.   Direct  stimulation  of 
pituitary  lactotropes  is  also  unlikely  since  IgG^  did  not  enhance  in 
vitro  PRL  production  by  a  PRL-producing  line  (GH3)  derived  from  a  rat 
pituitary  tumor  (Tashjian).   Since  dopamine  is  known  to  inhibit  PRL  re- 
lease from  cultured  pituitary  cells,  we  plan  to  test  the  hypothesis  that 
IgG'^  blocks  the  dopamine  receptor. 

Impotence  and  amenorrhea  have  been  found  in  many  patients  with  the 
POEMS  syndrome  and  are  also  common  symptoms  in  people  with  hyperpro- 
lactinemia.  We  plan  to  determine  the  serum  PRL  in  several  other  patients 
with  the  POEMS  syndrome  to  see  if  hyperprolactinemia  is  more  common  in 
this  syndrome  than  presently  recognized. 


Publications: 
None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Messenger  RNA  has  been  isolated  from  He La  cells  and  used  to  direct  the  cell- 
free  translation  of  hCG-a  subunit.   Glycosylation  of  hCG  subunits  in  chorio- 
carcinoma cells  has  been  studied  by  the  incorporation  of  labeled  carbohydrates 
combined  with  gel  filtration  of  oligosaccharides  obtained  by  pronase  digestion. 
The  combining  properties  of  exoglycosidase- treated  and  ectopic  hCG  subunits 
have  been  studied  in  cell-free  combination  assays. 
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Project  Description: 

I.  Cell-free  translation  of  messenger  RNA 

We  are  studying  the  in  vitro  biosynthesis  of  the  conmon  a-subunit  of 
the  glycoprotein  hormones.   Ectopic  messenger  RNA  has  been  isolated  from 
HeLa  cells  and  translated  in  a  wheat  germ  extract  system.   We  plan  to  com- 
pare, by  physicochemical  methods,  the  ectopic  product  of  cell-free  trans- 
lation with  eutopic  products  from  placenta  and  from  the  choriocarcinoma 
cell  line,  JEG-3.   Using  cell-free  translation  as  a  tool  to  quantitate 
total  messenger  RNA  activity,  we  then  plan  to  investigate  putative  differ- 
ences in  the  augmentation  of  ectopic  and  eutopic  production  by  various 
agents  such  as  sodium  butyrate,  cyclic  AMP  and  GnRH. 

II.  Glycosylation  in  Choriocarcinoma  Cells 

We  have  used  labeled  amino  acids  and  carbohydrates  to  study  the 
eutopic  biosynthesis  of  hCG  by  JEG-3  choriocarcinoma  cells.   Unequivocal 
incorporation  of  ^H-fucose  into  secreted  and  intracellular  a-subunit  was 
shown  by  specific  imraunoprecipitation.   The  presence  of  fucose  in  the 
primary  biosynthetic  product  of  the  trophoblastic  cell  was  not  predicted 
by  the  currently  accepted  structure  of  a-subunit.   The  latter  (fucose- 
free)  structure  was  based,  however,  on  analyses  of  a-subunit  derived 
from  pregnancy  urine,  demonstrating  again  the  physiologic  relevance  of 
the  biosynthetic  approach. 

We  are  now  in  the  process  of  characterizing  the  oligosaccharide 
chains  found  on  the  various  primary  extracellular  forms  of  hCG  subunits 
(intact  e>,    intact  a  and  free  a)  after  pronase  digestion.   Physiolog- 
ically it  is  important  to  identify  the  oligosaccharide  chains  found  on 
the  biosynthetic  products  Initially  released  from  the  cells.   Preliminary 
experiments  indicate  that,  in  the  presence  of  carrier  gamma  globulin, 
pronase  digestion  completely  degrades  the  subunits'  polypeptide  chain. 
We  will  conduct  studies  in  which  radioactively  labeled  carbohydrate  pre- 
cursors are  incorporated  into  hCG.   The  labeled  hCG  subunits  will  be 
specifically  isolated  and  analyzed  to  determine  the  molecular  size  and 
to  determine  the  structure  of  the  oligosaccharide  chains  found  on  free 
and  combined  subunits. 

III.   Combining  Properties  of  hCG  Subunits 

We  have  continued  cell-free  combination  studies  of  exoglycosidase- 
treated  a   and  8  subunits,  which  show  inhibition  of  combining  properties. 
Currently  we  are  investigating  the  role  of  specific  carbohydrate  residues 
by  treating  subunits  with  individual  exoglycosidase  enzymes  including 
neuraminidase,  galactosidase,  mannosidase,  etc   We  have  also  examined 
the  combining  properties  of  ectopic  hCG-B  subunits  secreted  in  vitro 
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by  cancer  cell  lines  of  Drs.  Hussa  and  Patillo.   Certain  iso-subunits 
(differing  in  negative  charge)  appear  to  combine  well  while  others  com- 
bine poorly  with  standard  hCG-a. 

Publications: 

1.   Fein,  H.  G. ,  Rosen,  S.  W.,  and  Weintraub,  B.  D.:   Increased  glycosy- 
lation  of  serum  human  chorionic  gonadotropin  and  subunits  from  eutopic 
and  ectopic  sources:   Comparison  with  placental  and  urinary  forms. 
J.  Clin.  Endocrinol.  >fetab.  50:  1111-1120,  1980. 
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Project  Description: 

Since  photolysis  of  3, 5, 3 '-triiodothyronine  (T3)  and  thyroxine  (T4) 
with  short-wave  ultraviolet  light  causes  extensive  degradation  of  these 
hormones,  we  examined  the  use  of  much  less  energetic  long-wave  ultra- 
violet light.   T4  and  various  T4  analogs  were  irradiated  with  light  above 
330  nm.   The  irradiated  products  were  analyzed  by  HPLC  which  completely 
resolved  a  mixture  of  tyrosine,  thyronine,  and  nine  iodoamino  acids. 
Only  3,3'-diiodothyronine  (3,3'-T2)  and  3 ' ,5'-diiodothyronine  were  not 
well  separated  from  each  other.   A  comparison  of  various  solvents  showed 
that  photodegradation  proceeds  more  readily  in  methanol  than  in  aqueous 
buffers.   >fethanol  containing  1%  concentrated  NH4OH  was  used  for  most 
irradiations.   Irradiation  periods  for  1-4  h  at  room  temperature  gave 
good  yields  of  primary  degradation  (deiodination)  products.   Photolysis 
converted  T^  to  T3,  tetraiodothyroacetic  acid  (Tetrac)  to  3, 5,3'-triiodo- 
thyroacetic  acid,  and  3, 3' ,5 '-triiodothyronine  (rT3)  to  3,3'-T2.   Further 
degradation  of  the  primary  photolysis  products  proceeded  only  slowly. 
Only  minimal  diphenyl  ether  splitting  was  observed  unless  irradiation 
periods  were  extended  to  twenty  hours  or  longer.   The  observed  degrada- 
tion patterns  show  that  the  iodine  atoms  in  the  phenolic  ring  are  more 
susceptible  to  photodeiodination  than  those  in  the  nonphenolic  ring. 
Photolysis  for  4  h  of  [3-    IJrTn  gave  inner-ring  labeled  3,3'-T2  and 
labeled  ^-^i   in  65%  and  3%  yield,  respectively.   After  20  h  of  irradia- 
tion, no  starting  material  remained  and  the  yields  of  3,3'-T2  and 
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4  h  gave  inner-ring  labeled  T3  in  46%  yield.   Thus,  photolysis  in  the 
near  ultraviolet  can  be  used  for  the  preparation  of  specifically  labeled 
metabolites  of  T4  which  are  not  easily  obtainable  by  chemical  synthesis. 
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Recognition  of  Previous  Work 

Members  of  the  Diabetes  Branch  were  recognized  by  several  awards : 
The  Gairdner  Foundation  Award  for  Scientific  Merit;   the  Morrison  Award 
in  Natural  Sciences  of  the  New  York.  Academy  of  Science;   the  William 
H.  Creasy  Visiting  Professorship  of  Clinical  Pharmacology  sponsored 
by  the  Burroughs  Wellcome  Fund;   the  Eli  Lilly  Award  of  the  American 
Diabetes  Association;  the  Drew  University  Award  for  Scientific  Research; 
and  the  Joslin  Medal  of  the  New  England  Diabetes  Association. 

In  addition,  grants  were  awarded  to  the  Branch  by  the  Washington 
D.  C.  Affiliate  of  the  American  Diabetes  Association  and  from  the 
national  organization  of  the  Juvenile  Diabetes  Foundation,   Achievements 
by  alumni  of  the  Branch  were  also  recognized  including  a  professorship 
at  the  University  of  Ancona  and  the  Minkowski  Prize  of  the  European 
Association  for  the  Study  of  Diabetes,   A  member  of  the  Branch  was  a 
Plenary  Lecturer  at  the  Laurentian  Hormone  Conference  while  another 
was  a  Visiting  Professor  courtesy  of  the  Italian  government  to  visit 
diabetes  centers  throughout  that  country.   Furthermore,  one  of  the 
Section  Chiefs  was  recruited  by  Harvard  University  and  the  Peter  Bent 
Brigham  Hospital  to  head  their  diabetes  teaching  and  research  program 
and  to  head  the  Joslin  Research  Foundation  at  the  Joslin  Clinic, 


insulin  and  Related  Hormones 

Evolutionary  Origins  of  Vertebrate  Hormones:   We  have  previously  shown 
that  fruit  flies  and  earthworms  con^ain  material  that  is  very  similar 
to  insulin.   Thus,  the  pancreas  is  not  essential  for  the  production  of 
insulin.   To  extend  these  studies,  a  ciliated  protozoan,  Tetrahymena 
pyriformis,  was  raised  in  an  artificial  defined  medium  that  was  free 
of  any  macromolecules  or  seriim.   Extracts  of  the  protozoa  were  gel 
filtered  and  found  to  contain  insulin  immunoreactivity.   The  immuno- 
reactive  insulin  content  predicted  its  bioactivity  in  isolated  fat 
cells  of  rats,  and  the  bioactivity  was  largely  neutralized  by  antibodies 
directed  against  mammalian  insulin.   These  data  suggest  very  strongly 
that  the  bioactivity  was  being  exercised  by  molecules  that  have  insulin 
immunoactivity .   The  bioactivity  was  also  neutralized  by  anti-receptor 
antibodies  that  block  the  action  of  authentic  insulin,  which  would 
indicate  that  the  bioactivity  exerted  by  these  extracts  was  being 
exercised  through  the  insulin  receptor. 
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Similar  materials  which  also  closely  resemble  mammalian  insulin 
were  demonstrated  in  extracts  of  two  other  unicellular  eukaryotes, 
Neurospora  crassa  and  Aspergillus  fumigatus,  two  fungi.   In  addition, 
E.  Coli  K-12  were  grown  in  defined  medium  and  were  also  found  to 
contain  material  that  closely  resembled  mammalian  insulins. 

Numerous  other  hormones  that  had  been  thought  to  have  been  of 
vertebrate  origin  were  also  detected  in  extracts  of  unicellular 
organisms.   Material  that  is  extremely  similar  to  ACTH  1-39  was 
detected  by  radioimmunoassay;  it  was  very  similar  to  ACTH  1-39 
in  its  reactivity  with  specific  antibodies  as  well  as  its  migration 
in  several  gel  systems.   The  content  of  immunoreactive  ACTH 
predicted  the  bioactivity  of  this  material  measured  as  stimulation 
of  the  release  of  corticosterone  from  isolated  rat  adrenal  cells. 
In  addition,  several  opiate-like  materials  were  detected  by  specific 
radioimmunoassays  or  by  radioreceptor  assays.   In  addition,  high 
molecular  weight  components  were  demonstrated  that  had  reactivity 
with  both  ACTH  and  endorphin  antibodies. 

Somatostatin,  which  is  both  a  neuropeptide  and  a  hormone,  was 
also  detected  in  unicellular  organisms.   The  material  closely 
simulated  the  effect  of  somatostatin  on  rat  pituitary  cells  and 
this  effect  was  obliterated  by  antibodies  directed  against  synthetic 
somatostatin. 

Multiple  other  hormones  have  been  detected  by  specific  radio- 
immunoassays but  the  characterization  is  as  yet  less  well  advanced 
than  those  described  above.   These  findings  suggest  that  the  origins 
of  many  vertebrate  hormones  is  much  earlier  than  previously  thought, 
i.e.  these  hormonal  agents  did  not  originate  in  primitive  vertebrates 
or  in  complex  invertebrates  but  rather  originated  in  the  simplest 
unicellular  organisms.   The  finding  of  these  materials  in  simple 
organisms  that  lack  nervous  systems  also  strongly  argues  against  a 
widely  propounded  thesis  that  the  nervous  system  is  the  direct 
ancestor  of  the  endocrine  system.   The  present  data  would  suggest 
that  both  of  these  two  coordinating  systems  are  descended  from  a 
single  more  primitive  system. 


Insulin  and  Insulin  Receptors 

Morphological  Correlates  of  Ligand  Binding  to  Receptors:   Extensive 
studies  of  hormone  binding  to  its  receptor  done  by  this  and  other 
laboratories  typically  failed  to  take  into  account  changes  in  the 
cellular  localization  of  the  ligand  or  nature  of  the  ligand  following 
interaction  with  the  target  cell.   Over  the  last  several  years, 
Gorden,  et  al.  introduced  methods  to  study  directly  the  morphological 
correlates  at  the  cellular  level  of  hormone  (and  other  ligand) 
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binding  to  specific  cell  surface  receptors.   The  most  recent  studies, 
which  represented  an  extension  of  their  own  previous  studies  indicate 
that  insulin  binding  to  cultured  lymphocytes  occurred  randomly  over 
the  whole  surface  of  the  cell,  but  the  ligand,  after  binding, 
redistributes  toward  the  Golgi  pole  of  the  cell.   In  other  studies, 
glucagon  and  growth  hormone  binding  to  receptors  on  one  or  more 
different  types  of  target  cells  were  studied  in  detail  in  an  attempt 
to  characterize  in  greater  depth  the  events  following  hormone  binding 
to  receptors.   In  particular,  the  problems  of  non-dissociability , 
its  physiological  meaning  and  possible  relationship  to  down-regulation, 
were  studied  in  detail. 

Comparison  of  the  Growth  Promoting  and  Metabolic  Effects  of  Insulin: 
Previous  studies  had  shown  that  the  potencies  of  insulins  from  different 
species  as  growth  promoting  agents  were  more  highly  conserved  than 
were  their  potencies  as  metabolic  agents.   This  suggests  that  the 
affinity  of  the  insulin  molecule  for  growth  type  receptors  is  more 
highly  constrained  than  the  affinity  for  the  metabolic  type  of  receptors. 

In  an  extension  of  these  studies  guinea  pig  insulin  stimulated  a 
larger  fraction  of  cultured  cells  to  synthesize  DNA  than  could  pork. 
insulin  or  two  of  the  insulin-like  growth  factors,  MSA  and  IGF-I. 
In  addition,  when  maximal  concentrations  of  guinea  pig  insulin  were 
mixed  with  either  pork  insulin  or  IGF-I,  the  effect  produced  was 
additive  which  was  in  contrast  to  the  situation  when  pork  insulin 
and  insulin-like  growth  factor  were  mixed;  no  additivity  was  observed. 
These  data  suggest  very  strongly  that  guinea  pig  insulin  and  pork 
insulin  mediate  their  growth  effects  through  distinct  pathways  including 
distinct  receptors.   As  a  follow-up,  ^^^I-guinea  pig  insulin  was  used 
to  give  a  direct  demonstration  of  a  separate  and  distinct  receptor 
for  guinea  pig  insulin  on  the  human  fibroblast. 

Biosynthetic  Labeling  of  the  Insulin  Receptor:   The  insulin  receptor  is 
a  cell  surface  glycoprotein.   Receptors  on  cultured  human  lymphocytes 
were  labeled  biosynthetically  with  radioactive  amino  acids  and  with 
radioactive  sugars.   In  addition,  the  protein  and  carbohydrate 
components  of  the  receptor  were  externally  labeled  with  radioactive 
iodine  or,  sugars,  respectively.   The  receptor  was  then  solubilized 
and  purified  multi-fold  by  several  methods  including  use  of  anti- 
receptor  antibodies  derived  from  individual  patients.   Major  subunits 
detected  have  molecular  weights  of  135,000  and  95,000.   These  same 
subunits  could  be  labeled  by  affinity  cross-linking  techniques. 
These  methods  also  allow  for  the  measurement  of  turnover  of  receptor. 
Normally  the  receptor  on  these  cells  has  a  half-life  of  9  to  12  hours, 
and  when  exposed  to  insulin,  which  down-regulates  the  receptor,  the 
degradation  rate  is  increased  by  3  to  4  fold. 

Insulin  Receptors  in  Normal  Fibroblasts  and  Fatty  Fibroblasts:   Using 
3T3-L1  cells,  which  are  fatty  fibroblasts,  it  can  be  shown  that 
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glucocorticoids  induce  the  same  kinds  of  alterations  that  have 
previously  been  shown  in  rats  treated  with  glucocorticoids  in  vivo. 
This  provides  the  most  satisfactory  culture  model  for  that  i^  vivo 
condition  of  insulin  resistance. 

The  functional  properties  of  membrane  proteins  are  dependent 
on  the  lipid  composition  of  the  membranes  in  which  they  reside.   It 
was  shown  in  these  cells  that  the  membrane  lipids  can  be  directly 
altered  by  exposure  to  other  lipids,  which  in  turn  alters  the  function 
of  the  insulin  receptor. 


Extreme  Insulin  Resistance 

Insulin  Binding  and  Insulin  Action  in  Cultured  Human  Fibroblasts: 

One  major  group  of  patients  who  have  severe  resistance  to  the  effects 

of  insulin  appear  to  have  inborn  errors  localized  to  the  receptor 

or  other  early  steps  in  the  action  of  insulin  at  the  target  cell. 

Fibroblasts  from  individual  patients  provide  an  opportunity  to  study 

the  genetic  makeup  of  these  patients.   Three  clinical  syndromes  that 

fall  into  this  major  group  were  studied,  i.e.,  Type  A  syndrome 

with  acanthosis  nigricans,  leprechaunism,  and  lipoatrophic  diabetes. 

In  some  of  the  patients  insulin  binding  to  fibroblasts  was  normal 

whereas  in  others  there  were  defects  in  the  affinity  of  the  receptor 

for  hormone  or  decreases  in  receptor  concentration  or  modest  abnormalities 

in  the  characteristics  of  the  receptor.   More  extensive  characterization 

is  now  underway. 

To  measure  insulin  effects  in  these  cells,  studies  were  made  of 
glycogen  synthase  which  is  active  in  its  dephosphorylated  form  and 
less  active  in  its  phosphorylated  form.   With  cells  from  individual 
patients,  correlations  were  made  between  enzyme  activation  and 
hormone  binding  in  an  attempt  to  localize  the  sites  of  the  defects 
in  insulin  action. 

Another  charactistic  effect  of  insulin  is  to  decrease  the 
concentration  of  its  own  receptors  ("down-regulation") .   Insulin 
receptors  on  human  fibroblasts  down  regulate  in  response  to  chronic 
exposure  to  insulin.   In  most  cases  this  is  due  to  a  decrease  in 
receptor  concentration  but  conditions  can  be  set  to  produce  alterations 
in  receptor  affinity.   Most  of  the  patients  were  capable  of  responding 
to  insulin  with  a  decrease  in  receptor  concentration  but  a  few  patients 
were  not.   In  particular,  patients  who  appeared  to  have  post-receptor 
defects  demonstrated  these  failures  in  down-regulation. 

Studies  of  B  Lymphocyte  Cell  Lines  From  Patients  with  Extreme  Insulin 
Resistance:   To  confirm  and  extend  data  provided  by  the  fibroblasts, 
techniques  to  produce  continuous  cell  lines  from  lymphocytes  of 
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individual  patients  have  been  introduced.   Two  patients  with  extreme 
insulin  resistance,  one  with  Type  A  and  one  with  leprechaunism, 
were  both  shown  to  have  a  decrease  in  the  concentration  of  the 
insulin  receptors  which  correlates  well  with  the  clinical  findings 
and  results  of  other  studies  in  these  patients. 

In  another  study  with  cultured  lymphocytes  from  a  patient  with 
leprechaunism,  an  abnormal  receptor  was  detected;  a  major  characteristic 
of  this  receptor  was  that  insulin  binding  is  exceptionally  insensitive 
to  changes  in  temperature  and  pH.   In  addition  to  the  studies  described, 
multiple  new  techniques  are  being  added  to  characterize  the  receptor 
on  these  cells  which  we  expect  to  become  a  major  tool  for  studies 
of  inherited  disorders  related  to  insulin  action. 
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Project   Number:      ZOl   AM  47,003    -   06   DB 

Project   Description: 

3T3-L1   fibroblasts  differentiate   into   a   fatty  phenotype  which  has 
insulin   stimulated    glucose   transport,    glucose  oxidation,    lipoprotein   lipase 
and   fatty  acid   and   triglyceride   synthesis,    as  well   as    insulin   inhibited 
lipolysis.      We  have  previously  used    this    insulin-responsive   cultured   cell 
line   to   explore   the   effects   of   antibody  against    the    insulin  receptor   on 
a   long-term   insulin  action,    and   to   study  morphometrically   the   interaction 
of    insulin  with   fat   cells. 

Glucocorticoid   hormone   excess   causes    insulin  resistance   in  man  and 
animals.      It   has   not   been  possible   to    induce   these  changes  ^^  vitro   using 
freshly   isolated   adipocytes.      Exposure  of    3T3-L1   cells   to   physiologic   and 
pharmacologic   concentrations   of   glucocorticoid   hormones    for   2-4   days 
produces    insulin  resistance.      The  affinity  of    the  receptor   for    insulin   is 
reduced   throughout   occupancy.      Maximal    insulin   stimulation  of   glucose  uptake 
is  dramatically   reduced.      Basal  uptake    is    slightly   reduced.      The  cells  are 
also   less   sensitive   to    insulin;    half-maximal   stimulation  occurs  at   a   10-fold 
higher   concentration   of    insulin.      Since   the  affinity  of    the  receptor    is 
shifted   only   three-fold,    this   provides   evidence   that   glucocorticoid   hormones 
exert    their    effects  at    post-receptor    steps  as  ^jell   as   affecting    the    insulin 
receptor . 

It   has   previously   been   sho^iTn    that    feeding   fatty  acids   to   cultured   cells 
grown  with  dialyzed   fetal   calf    serum   results    in   extensive  modification  of 
phospholipid   fatty  acid   composition    (Spector    et_  a]^. ,    J.    Lipid   Res.      20: 
536,    1979) .      We   have  used    this    technique   to   determine  whether    such  changes 
influence   the  response   to    insulin   in  differentiated   3T3-L1   fatty   fibroblasts, 
a   cultured    fat   cell   line. 

A  50-60%   decrease   in   specific    insulin    binding   was   seen  when  3T3-L1 
cells  were   fed   with  media   containing   the   saturated   fatty  acids,   myristic, 
palmitic   and    stearic   acid.      By  contrast,    small   decreases    in   insulin   binding 
were   seen  when  cells  were   fed   the  unsaturated   analogues  of    similar   chain 
length,   myristoleic,    palmitoleic   and   oleic   acids.      This  decrease   in    insulin 
binding  was   due   to   a   decrease    in  receptor   number. 

Fatty  acid   feeding   resulted    in    inhibition  of    insulin  action  as  measured 
by  a  decrease    in   the  maximal    stimulation   of   deoxyglucose  uptake   by    insulin 
with  little  change   in   sensitivity   to    insulin.      Saturated    fatty  acids  also 
affected    insulin  action  more  profoundly   than  unsa'rurated   analogues  of 
similar      chain   length,    with  palmitic   acid    showing  more   than  80%    inhibition. 
A  significant   correlation    (R  =   0.881,    p   <    0.01)    was   found   between   the 
inhibition  of    insulin  binding   and   the  decrease    in    insulin-stimulated  deoxy- 
glucose uptake,    despite   the   presence  of    spare   receptors. 

Thus,   modification  of    cellular   lipids   affects   both  the   exposure  of 
insulin  receptors  and    the  ability   of    insulin   to   exert    its  biological   effects. 
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Numerous  studies  from  this  laboratory  have  investigated  the  interaction 

of  insulin  with  circulating  mononuclear  cells .  It  has  been  demonstrated  that 

obese  diabetic  individuals  have  a  deficiency  in  insulin  receptors  and  these 


are  reversed  by  appropriate  diet.   Further,  numerous  other  diseases  of 
receptor  deficiency  have  been  identified.   The  present  project  involves  studies 
on  in  vivo  and  in  vitro  states  of  insulin -dependent  diabetes  mellitus  (IDDM) 
and  glucocorticoid  excess.   We  have  attempted  to  characterize  the  insulin 
receptor  of  the  human  erythrocyte . 
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We  have  studied  a  group  of  patients  with  insulin-dependent  diabetes 
mellitus  and  have  observed  that  insulin  binding  is  either  normal  or  slightly 
elevated.   This  is  consistent  with  the  severe  hypoinsulinemia  seen  in  these 
individuals  and  consistent  with  the  animal  models  of  insulin  dependent 
diabetes.   In  addition,  conditions  which  are  seen  in  patients  with  diabetes 
were  simulated  in  vitro ,  i.e.  ketoacidosis,  hyperglycemia,  and  acidemia. 
While  these  factors  may  influence  binding  in  the  patient  they  are  not 
perpetuated  into  the  ±n   vitro  assay;  thus  there  is  no  "memory"  for  these 
abnormalities  when  taken  from  the  patient  and  studied  in  vitro.   By  contrast, 
starvation  and  hyperinsulinemia  are  conditions  for  which  the  receptor  has 
"memory"  and  the  abnormalities  are  perpetuated  into  the  in  vitro  assay. 
Corticosteroids  in  vitro  increased  insulin  binding  but  in  normal  individuals 
who  also  develop  hyperinsulinemia  in  response  to  corticosteroids  we  have 
been  unable  to  demonstrate  this  effect.   In  a  series  of  studies  it  has  been 
shown  that  corticosteroids  definitely  influence  insulin  binding  through  the 
corticosteroid  receptor  on  cultured  human  lymphocytes. 

In  an  attempt  to  understand  the  effects  of  glucocorticoids  on  the  insulin 
receptor,  we  have  studied  this  phenomenon  both  ±n_  vitro  and  _in  vivo .   In 
vitro  preincubation  with  hydrocortisone  in  the  cultured  human  lymphocyte 
leads  to  an  increase  in  the  number  of  insulin  receptors.   By  contrast  there 
is  a  decrease  in  the  number  of  growth  hormone  receptors  on  this  cell.   To  our 
knowledge  this  is  the  first  demonstration  of  the  induction  of  insulin 
receptors  by  a  heterotrophic  agent.   When  the  effect  of  prednisone  was  tested 
in  normal  volunteers  we  find  that  the  administration  of  40  mg  of  prednisone 
per  day  produces  no  statistically  significant  difference  in  either  tracer 
insulin  binding,  the  number  of  insulin  receptors,  or  the  affinity  of  the 
insulin  receptor.   The  explanation  for-  these  findings  is  not  completely 
clear  but  a  tentative  hypothesis  is  that  in  blood  cells,  at  least,  gluco- 
corticoids probably  cause  an  increase  in  the  number  of  insulin  receptors 
as  reflected  by  our  in  vitro  studies.   However,  in  vivo  when  the  concentration 
of  circulating  insulin  rises  concomitantly,  there  is  an  opposing  down 
regulation  of  the  insulin  receptor.   Thus,  at  least  under  the  conditions 
studied,  no  net  change  in  insulin  receptors  are  seen.   These  findings  are  in 
contrast  with  the  effect  of  glucocorticoids  on  other  target  cells  such  as 
adipocytes  and  hepatocytes. 

In  a  separate  set  of  studies  in  patients  with  the  Type  A  form  of  insulin 
resistance  and  the  Type  B  form  of  insulin  resistance,  i.e.  that  form 
associated  with  anti- insulin  receptor  antibodies,  we  have  characterized 
extensively  the  nature  of  binding  effect  in  individual  patients.   In  the 
Type  A  syndrome  we  find  a  decrease  in  the  number  of  insulin  receptors 
on  circulating  monocytes  while  in  the  Type  B  syndrome  we  find  a  major  altera- 
tion in  the  affinity  of  insulin  binding  to  these  cells.   This  appears  to  be  a 
relatively  uniform  finding  in  the  two  different  groups  of  patients. 

In  a  separate  series  of  studies  we  have  shown  that  human  erythrocytes 
have  specific  insulin  receptors  and  that  the  concentration  of  these  receptors 
on  the  cell  surface  is  exponentially  related  to  cell  age.   Thus,  red  blood 
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cells   lose   receptors  as   an   exponential    function  of   their   cell   age  and    this    is 
independent   of    the   reticulocyte  content   of    the  preparation.      This  may  be   the 
first   example  of   an  age  related    integral   protein  of   the  red   blood   cell 
membrane. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Using  assays  based   on   the  ability  of   anti-receptor   antibodies   to 
immunoprecipitate   insulin  receptors   to    inhibit    insulin  binding,    we  have 
screened   patient   sera   for   the  presence  of   anti-receptor   antibodies.      These 
anti-receptor  antibodies  are  extraordinarily  useful  reagents   for   biosynthetic 
studies  of    insulin  receptors.      We  are  attempting   to   produce  monoclonal 
antibodies  directed   against    the  receptor. 
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The   interaction  of    insulin  receptor  antibodies  with   the   solubilized 
insulin   receptor   has   been   studied    in  detail.      Solubilized    insulin  receptors 
were  prepared   by   extracting   human  placental  membranes  with  Triton  X-lOG, 
and   assaying   for      -"'I-insulin  binding   activity  using   polyethylene  glycol 
to   precipitate  receptors.      Tliese   solubilized   receptors   retain  all   the 
properties,    including   negative  cooperativity,    of  membrane-bound   receptors. 
Receptor   antibodies    inhibited    insulin   binding    to    the    solubilized   receptors 
with  the   same   titers   as   previously  reported  using   whole  cells.      This 
inhibition  was  due   to   a  decrease   in   the  number   of   available    insulin  binding 
sites   rather   than  a  decrease    in   their   affinity  as   seen  with  membrane-bound 
receptors.      We  are  using    this   assay   to    screen   sera   from   patients    for    the 
presence  of   anti- insulin  receptor   antibodies.      These  anti-receptor   antibodies 
are  useful   agents    in   the   studies   of    the   structure  of    the    insulin  receptor. 

Tn  addition   to   the  above  studies  we  are  currently   trying   to   prepare  a 
monoclonal   antibody   to    the   insulin  receptor.      Partially-purified   human 
placental    insulin   receptors  were  used    to    immunize   Balb/C  mice.      After   4 
days   the  mice   spleen  cells  were  hybridized    to    the   P3   x   63    line  of  mouse 
myeloma   cells    (kindly  donated   by  Dr.    G.    Eisenbarth) .      Several   hybridoma 
lines   grew  out   which  appeared   by   several   criteria   to   be    secreting   receptor 
antibodies.      These  have   been   passaged   as   ascites    tumors    in   Balb/C  mice 
prior    to   cloning. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

MSA   (Multiplication   Stimulating  Activity)    is  an   insulin-like  peptide 
which  reacts  with   its  own  receptor   and   the   insulin  receptor .      MSA   is   elevated 
in  about   40%   of   patients  with  hypoglycemia  and  non-islet   cell   tumors.      Patients 
with  hemangiopericytoma  have   elevated   circulating  MSA  levels. 
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This   study  was   originally  designed    to    study   the   physiology  and   patho- 
physiology of   circulating   growth   factors    in  man.      ^^^hen  a   crude   NSILA-s 
preparation  or   a  highly  purified  multiplication   stimulating   activity 
preparation  was    incubated  with  purified    liver  membraneo,    a   highly   sensitive 
assay  for    these   growth  peptides  was  developed.      The  most   recent   aspect   of 
this   study    is  an  attempt    to   characterize   those  patients  who   are  most    likely 
to  demonstrate  an   elevation  of   an  MSA  cross-reacting  material.      Thus,    in 
a   study  of   over   52   patients  with   tumor-induced   hypoglycemia   of   a  non-insulin 
nature  we  have   found    that    6  of   7    patients  with  hemangiopericytoma  have 
elevations  of   the  circulating  growth  factor-like  material.      Since   these 
materials   are   insulin-like  and    since   in  a   single  patient   we  have   shown   that 
the  level   falls  as   the   patient   goes    into   remission,    we   feel    that    this 
circulating    insulin-like  material    is,    at    least    in   part,    responsible   for 
the  hypoglycemia    seen    in   these  patients. 

When   plasma    is   filtered   over  a   G-75   Sephadex  column   that    is   developed 
in  and    eluted   by  IM  acetic   acid   we   find   a   peak  eluting    in   the  region  of    the 
MSA  marker.      In  addition,    we   find   a   peak  eluting   approximately  of   double 
the  molecular    size  of   MSA,    i.e.    a   peak  that    is  more  retarded   by   the  gel. 
The  nature  of    this   peak   is  uncertain  at    the  present    time,    investigations 
are  under  way   to   determine  whether    this  might   be  a   form  of   a   binding   protein. 
Preliminary   evidence   suggests   that    some  of    the  patients  with  tumor   hypo- 
glycemia may   have  deficiency    in   binding   protein.      If    this    is   the  case, 
then  we  are   looking  at    the  minimum  number   of    elevated    samples.      Thus,    the 
effective  dose  of    the   growth   factor   would   be   the   free  concentration.      If 
the   binding   protein  was   deficient    the   free  concentration  would  undoubtedly 
be   elevated. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  standard  therapy  for  growth  hormone  elevation  in  acromegaly  has  been 
conventional  supervoltage  irradiation.  The  data  of  human  prolactin  levels  in 
acromegalics  who  received  radiotherapy  has  been  elevated  at  2,  5,  and  10  year 
follow-ups.  The  data  suggest  a  correlation  between  prolactin  and  human  growth 
hormone  not  only  at  the  level  of  pituitary  secretion  but  possibly  also  at  the 
target  cell. 
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Plasma  prolactin  (hPRL)  was  measured  in  seventy-three  untreated 
acromegalic  patients,  and  found  to  be  elevated  in  32%  of  the  total  population. 
Hyperprolactinemia  was  present  in  40%  of  the  females  and  in  27%  of  the  male 
patients.   In  both  groups  plasma  hRPL  correlated  with  plasma  hGH  levels  with 
correlation  coefficients  of  0.38  (p  <  0.05)  for  females  and  0.41  (p  <  0.005) 
for  males.   Forty-five  patients  were  treated  with  conventional  supervoltage 
pituitary  irradiation  and  evaluated  at  2,  5,  and  10  years  after  treatment. 
The  patients  with  hyperprolactinemia  before  irradiation  showed  a  decrease  in 
plasma  hPRL  at  the  most  recent  follow  up,  (mean  +  SEM,  125  +  34  ng/ml  versus 
67  +  15  ng/ml,  p  <  0.01)  although,  in  general,  they  did  not  achieve  normal 
values.   The  patients  who  had  normal  plasma  hPRL  before  irradiation  (mean 
+  SEM,  14+2  ng/ml)  had  an  increase  in  their  hPRL  levels  after  therapy 
(23  +  3  ng/nil,  p  <  0.005)  but  remained  in  the  normal  range  during  long  term 
follow-up.   In  ten  patients  followed  for  1-10  years  without  treatment,  there 
was  a  tendency  for  the  plasma  hPRL  to  rise  progressively  (mean  increment  122% 
above  the  initial  value)  with  individual  changes  in  hPRL  strikingly  parallel 
to  the  changes  in  plasma  hGH.   t'Hien  serum  hPRL  was  initially  elevated  similar 
responses  in  both  hormones  were  also  seen  in  a  small  group  of  patients 
treated  with  surgical  hypophysectomy.   Galactorrhea  was  present  in  five 
of  the  twenty-five  female  patients;  in  4  of  the  5,  plasma  prolactin  was 
within  the  normal  range.   Overall  these  data  suggest  a  closer  relationship 
between  hGH  and  hPRL  in  acromegaly  than  had  been  suspected,  not  only  at  the 
level  of  pituitary  secretion  but  possibly  also  at  the  target  cell. 

Publications : 

1.    De  Pablo,  F.,  Eastman,  R.  C.,  Roth,  J.,  and  Gorden,  P.:   Plasma 
prolactin  in  acromegaly  before  and  after  treatment.   J.  Clin. 
Endocrinol.  Metab.,  in  press,  1981. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  results  of   radiation   inactivation   studies  have   indicated   that    the 
insulin  receptor    in  rat   liver  membranes    is  composed   of   at   least   two   components: 
an  affinity-regulatory  component  with  an  apparent  molecular  weight   of  "^300,000 
and  a  binding   component   with  a  molecular  weight   of  '^100,000.      The  affinity- 
regulator   acts  as  an   inhibitor   of    insulin  binding   by  decreasing   the  affinity  of 
the  binding   component   for    insulin.      Conditions  which  alter   the  affinity  of   the 
receptor    (pH  and    ionic    strength)    also  alter   the   inactivation  profile.      The  higher 
the  affinity  of   the  receptor,    the  larger   the  proportion  of   binding   components 
which  are  not   associated  with  affinity-regulators.      The   interaction  between   the 
affinity-regulator  and   binding  component   are  reversible   suggesting   that   these 
components  are  not   covalently  bound.      The  affinity-regulator    is  a  trypsin- 
sensitive  membrane  protein  which  can  be   separated   from  the  binding   component   by 
lectin-aFf inity  chromatography.      Insulin  bound   to   the  receptor   causes  a   change 
in  the   size  of   the  binding   component   from  115,000   to   7  6,000  with  no   change   in 
the  apparent    size  of    the  affinity  regulator. 
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Using  radiation  inactivation,  we  have  previously  shown  that  the  insulin 
receptor  in  situ  in  liver  nerabranes  contains  two  functional  components,  a 
binding  component  with  an  apparent  molecular  weight  of  '^100,000  and  an 
affinity-regulatory  component  of  "^300,000.   The  affinity-regulator  interacts 
with  the  binding  component  causing  a  decrease  in  receptor  affinity;  because 
of  its  larger  size,  it  is  destroyed  at  lower  radiation  doses  with  a 
resultant  increase  in  receptor  affinity. 

We  have  used  the  technique  of  radiation  inactivation  to  examine  whether 
insulin  alters  the  size  or  structure  of  the  insulin  receptor.   t-Then  insulin 
is  bound  to  its  receptor  in  liver  membranes  before  radiation,  there  is  a 
marked  change  in  the  inactivation  profile.   Analysis  of  the  results  indicated 
that  insulin  binding  to  its  receptor  caused  a  decrease  in  the  functional  size 
of  the  insulin  binding  component  from  115,000  to  7  6,000  and  also  diminished 
the  interaction  between  the  binding  and  regulatory  components.   The  magnitude 
of  these  effects  depended  on  the  insulin  concentration,  and  analogues  of 
insulin  with  reduced  receptor  affinity  show  a  reduced  effect.   Under  these 
conditions,  there  was  no  change  in  the  apparent  size  of  the  affinity  regulator 
(about  260,000).   These  data  suggest  that  the  interaction  of  insulin  with 
its  receptor  in  situ  produces  a  change  in  receptor  structure  which  may  be 
important  in  signal  transmission. 

To  better  understand  the  nature  of  the  affinity-regulatory  and  its  inter- 
action with  the  binding  component  we  have  examined  the  insulin  receptor  under 
circumstances  in  which  the  affinity  of  the  receptor  was  altered  by  varying 
the  pH  of  the  binding  assay  or  by  increasing  the  ionic  strength.   Under  cir- 
cumstances in  which  the  affinity  of  the  receptor  was  increased,  the  inter- 
action between  the  regulatory  and  binding  components  was  either  decreased  or 
absent,  i.e.  there  was  no  increase  in  binding  with  irradiation.   Conversely, 
decreasing  receptor  affinity  resulted  in  an  increase  in  the  interaction 
between  the  regulatory  and  binding  components.   In  both  cases,  the  changes  in 
affinity  and  interaction  of  the  two  components  was  reversible.   By  contrast, 
in  membranes  of  ob/ob  mice  in  which  binding  was  altered  by  changing  receptor 
number,  there  was  no  detectable  change  in  the  interaction  of  the  two  receptor 
components.   Under  no  condition  did  the  size  of  either  component  vary.   In  an 
attempt  to  characterize  the  nature  of  the  affinity-regulator,  liver  membranes 
were  treated  with  varying  concentrations  of  trypsin  prior  to  irradiation. 
Low  concentrations  of  trypsin  (1-5  yg/ml)  and  low  doses  of  radiation  had  very 
similar  effects  i.e.  both  increased  insulin  receptor  affinity.   Furthermore, 
after  trypsin  treatment  the  effect  of  radiation  on  receptor  affinity  was  lost. 
Filtration  of  the  solubilized  receptor  on  lectin-af f inity  columns  also 
resulted  in  the  apparent  removal  of  the  affinity-regulator,  i.e.  receptor 
affinity  was  increased  and  radiation  produced  no  further  change.   These  data 
suggest  that  (1)  variations  in  pH  and  ionic  strength  which  modulate  receptor 
affinity  alter  the  interaction  of  the  regulatory  and  binding  components;  (2) 
the  interaction  is  reversible  suggesting  that  these  two  components  of  the 
receptor  are  not  covalently  linked;  and  (3)  the  affinity-regulatory  is  a 
trypsin  sensitive  membrane  protein  which  can  be  separated  from  the  binding 
component  by  lectin-af f inity  chromatography. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

An  insulin-like  material  characterized  by  radioimmunoassay,  gel  filtration 
and  bioactivity  in  fat  cells  can  be  found  in  eukaryote  and  prokaryote  organisms. 
In  addition  to  insulin  a  few  other  hormones  -  ACTH  and  somatostatin  have  been 
characterized  in  unicellular  organisms.   These  findings  suggest  that  the  origins 
of  the  endocrine  system  appeared  earlier  than  previously  thought.   We  are  also 
continuing  the  studies  on  extrapancreatic  insulin  found  in  the  guinea  pig. 
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To  further  substantiate  that  the  pancreas  is  not  essential  for  the 
production  of  insulin,  two  invertebrate  species  were  studied.   Acid-ethanol 
extracts  of  Drosophila  melanogaster  and  earthworms  contained  material  very 
similar  to  mammalian  insulin  with  respect  to  the  gel  filtration  pattern, 
reactivity  in  the  radioimmunoassay  and  bioassay  for  classic  insulins.   The 
bioactivity  could  be  neutralized  by  anti-insulin  antibody.   Furthermore,  the 
bio : immuno  ratio  was  similar  to  mammalian  insulins. 

Similar  insulin-like  material  was  demonstrated  in  extracts  of  unicellular 
eukaryotes  (tetrahymena  pyriformis,  a  citiated  protozoan,  and  two  fungi, 
neurospora  crassa  and  aspergillus  fumigatus)  as  well  as  in  the  prokaryote 
E.  Coli  K-12,  which  had  been  grown  in  defined  medium  free  of  added  macro- 
molecules  or  serum. 

In  addition  to  insulin  a  number  of  other  classic  vertebrate  hormones 
have  been  characterized  in  the  unicellular  organisms.   Both  ACTH  and 
somatostatin  have  been  demonstrated  with  immunologic,  biologic  and  chromato- 
graphic similarities  to  classic  synthetic  ACTH  (1-39)  and  synthetic  somato- 
statin. 

These  findings  suggest  that  the  origins  of  the  endocrine  system  is  much 
earlier  than  previous  thought,  and  that  most  cells  are  capable  of  making 
most,  if  not  all,  peptide  hormones. 

We  have  previously  published  data  showing  that  guinea  pigs  have  more 
than  one  type  of  insulin  (characterized  by  classical  methods  -  see  above 
description) .   One  synthesized  and  secreted  by  the  pancreas  into  plasma 
and  a  second  insulin  native  to  extrapancreatic  tissues.   These  data  suggest 
that  insulin  bound  in  extrapancreatic  tissues  is  synthesized  locally  rather 
than  in  the  pancreas.   In  support  of  this  thesis  we  are  continuing  studies 
on  the  synthesis  of  insulin  (and  other  hormones)  in  other  vertebrates  such 
as  chick  embryos  prior  to  the  development  of  the  organ,  e.g.  pancreas. 
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A.  E.,  and  Roth,  J.:   Insulin  in  the  extrapancreatic  tissues  of  guinea 
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Trans.  Assoc.  Am.  Phys.   93:  263-278,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

^^53-_-j^^g^]_-i^jj  binds  to  IM-9  cells  (human)  and  hepatocytes  (rat) 


By   using 


quantitative  EM  autorad iography  as  a   probe,    it   can  be   shown   that    labeled    insulin 
is    internalized  by  a  process  which  appears   to   be  time-  and   temperature-dependent 
Other   labeled   proteins    (low  density  lipoprotein,    epidermal   growth  factor,    human 
growth  hormone ,    glucagon,    and   anti-insulin  receptor   antibody)    appear   to   behave 
in  the.  same  fashion   i.e.    initial  binding   followed  by   internalization. 
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This  project  represents  a  group  of  continuing  studies  of  the  visual- 
ization of  polypeptide  hormones  and  other  ligands  as  they  interact  with 
target  cells.   We  used  quantitative  EM  autoradiography  as  our  visual  probe 
and  have  demonstrated  that  polypeptide  hormones  initially  bind  to  cell 
surfaces  and  are  subsequently  internalized  by  the  cell  as  a  function  of 
time  and  temperature.   In  the  present  group  of  studies  we  find   1)  that 
when  labeled  insulin  binds  to  IM-9  cultured  lymphocytes  at  low  temperatures 
the  binding  is  random  and  occurs  with  equal  frequency  at  each  pole  of  the 
cell.   This  cell  has  a  polarity  that  is  marked  by  the  location  of  the  Golgi 
region,  i.e.  it  can  be  divided  between  a  Golgi  and  non-Golgi  pole.   Initially 
binding  is  random  at  either  pole  but  as  a  function  of  temperature,  primarily, 
and  to  some  extent,  time,  the  ligand  is  subsequently  redistributed  towards 
the  Golgi  pole.   This  suggests  that  the  ligand  is  mobile  in  the  plane  of 
the  membrane.   2)  Glucagon  is  another  polypeptide  hormone  that  has  multiple 
effects  on  hepatocytes.   In  the  present  study  we  have  shown  that   -  I-glucagon 
binds  to  the  surface  of  the  hepatocytes  and  is  subsequently  internalized  as 
a  function  of  time  and  temperature.   Glucagon,  qualitatively,  is  internalized 
in  a  manner  similar  to  insulin  but  quantitatively  there  is  a  lag  over  the 
first  20  minutes  of  incubation  at  37°C,  and  then  a  build-up  so  that  by  30-60 
minutes  approximately  30%  of  the  ligand  is  internalized  and  approximately 
70%  remains  on  the  plasma  membrane.   Lysosomal  inhibitors  inhibit  glucagon 
degradation  but  the  material  bound  to  the  cell  is  largely  intact.   The 
material  dissociated  from  the  cell  is  a  function  of  incubation  time  at  37 °C 
is  largely  degraded.   3)     I-growth  hormone  also  binds  to  IM-9  cultured 
lymphocytes  in  a  specific  and  saturable  manner.   When  this  ligand  is 
incubated  at  low  temperatures  with  cultured  lymphocytes  ^-I-hGH  binds  to 
the  cell  surface.   Again,  as  with  the  other  polypeptide  hormones,  hGH  is 
internalized  in  a  time  and  temperature  dependent  fashion.   Growth  hormone, 
in  contrast  to  insulin,  is  only  partially  dissociable  from  the  cell.   When 
quantitative  EM  autoradiography  is  carried  out  under  dissociation  conditions, 
it  is  clear  that  the  non-dissociability  of  the  ligand  is  related  to  both 
internalized  ligand  and  to  the  ligand  on  the  cell  surface.   Thus,  the  growth 
hormone  system  demonstrates  several  phenomenon  that  may  be  important  with 
respect  to  ligand- induced  receptor  regulation,  i.e.,  there  is  a  irreversible 
binding  step  which  occupies  receptors  irreversibly.   In  addition  there  is  a 
internalization  step  in  which  the  ligand  and  presiimably  the  receptor  are 
internalized  and  there  is  a  step  intracellularly  involving  non-dissociability 
of  the  ligand  once  it  has  been  internalized  by  the  cell.   4)   Because  of 
the  findings  in  the  growth  hormone  system  of  non-dissociability,  we  further 
studied  the  effects  of  lysosomal  inhibitors  on  this  system.   We  find  that 
lysosomal  inhibitors  increased  the  growth  hormone  binding  to  the  cell  or 
more  correctly  stated,  increased  cell-associated  radioactivity  when 
incubations  were  carried  out  at  37 °C.   There  is  little  effect  of  these 
agents  at  lower  temperatures.   Thus,  the  lysosomal  inhibitors  appear  to 
inhibit  degradation  of  growth  hormone,  strongly  suggesting  that  degradation 
is  at  least  in  part  a  lysosomal  function.   In  addition  because  of  the 
sensitivity  of  down  regulation  of  the  growth  hormone  system,  we  have 
been  able  to  show  directly  that  at  equal  concentrations  of  hormone,  i.e., 
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concentrations   that   can  be  used   as   tracers   for   the  morphologic    studies   and 
concentration  used   to   down   regulate  the  cells,    that    there   is  a  direct 
correlation  between  the  proportion  of   ligand    internalized  and   that   bound 
to   the  cell,    i.e.    internalization  and  down  regulation  are  directly  correlated, 
These   studies  provide   support   for   a  concept   that   ligand -induced   receptor 
regulation   is   linked   to   the  receptor  by  the   internalization   step. 
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and   Orci,    L.  :      Polar   redistribution  of    ^"^ ^-iodine-labeled    insulin  on 
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1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Insulin  binding  and  action  have  been  studied  in  cultured  human  fibroblasts^ 
Cells  are  derived  from  controls,  insulin  resistant  patients,  and  diabetics. 
Activation  of  glycogen  synthase  and  induction  down -regulation,  are  being 
examined  in  these  cells.   Insulin  receptor  defects  have  been  found  on 
approximately  half  of  the  cell  lines  from  insulin  resistant  patients.   These 
include  defects  in  receptor  number,  receptor  affinity,  and  pH  optimum  of  bindinj 
Post-receptor  defects,  in  the  presence  of  normal  insulin  receptors,  are  also 
present  in  some  cells  from  insulin  resistant  patients.   Cells  from  Type  I 
diabetics  are  normal  in  most  respects.  . 
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We  are  examining  insulin  binding  and  insulin  action  in  cultured  fibro- 
blasts from  patients  with  Type  I  diabetes  and  patients  with,  a  variety  of 
states  of  severe  insulin  resistance.   The  insulin  resistant  states  in  which 
we  are  particularly  interested  are  the  Type  A  syndrome  of  insulin  resistance 
and  acanthosis  nigricans,  and  lipoatrophic  diabetes.   Our  principle  means 
of  looking  at  insulin  action  in  these  cells  is  by  measuring  the  activation 
of  glycogen  synthase  by  insulin  and  by  determining  the  extent  and  sensitivity 
of  the  ability  of  insulin  to  "down  regulate"  its  receptors. 

In  three  of  our  patients  with  the  Type  A  syndrome  of  insulin  resistance 
and  acanthosis  nigricans,  insulin  binding  is  reduced.   Two  cell  lines  appear 
to  have  fewer  receptors  (decreased  R^) ,  while  one  has  insulin  receptors  of 
lowered  affinity.   This  latter  situation  is  also  present  in  cells  from  an 
infant  with  insulin  resistance  and  leprechaunism.   These  cell  lines  also  show 
reduced  reactivity  with  antibodies  to  the  insulin  receptor.   Cell  lines  from 
four  patients  with  a  variant  form  of  the  Type  A  syndrome  were  also  examined 
and  in  two,  R^   was  decreased.  ,A  third  variant  Type  A  cell  line  has  only  a 
pH  sensitivity  defect  in  its  receptor,  while  the  fourth  has  totally  normal 
binding  properties.   Cell  lines  from  one  patient  with  total  lipodystrophy  and 
from  three  patients  with  partial  lipodystrophy  all  had  normal  insulin  binding. 
Specific  binding  to  cell  lines  from  nine  Type  I  diabetics  was  normal,  although 
total  binding  was  elevated  due  to  abnormally  high  levels  of  non-specific 
binding  in  three  cell  lines. 

Insulin  stimulates  the  conversion  of  the  phosphorylated  form  of  glycogen 
to  the  dephosphorylated  form  at  concentrations  of  1  to  1000  ng/ml  in  human 
fibroblasts.   The  ED;,   for  this  effect  is  between  10  and  50  ng/ml  in  control 
cells.   The  EDj.   in  the  Tjrpe  A  cell  line  with  lowered  affinity  and  in  the  Type 
A  cell  line  with  decreased  R  are  slightly  elevated.   More  marked  abnormal- 
ities in  insulin  stimulation  of  glycogen  synthase  were  observed  in  two  cell 
lines  with  normal  receptors:  one  from  a  variant  Type  A  patient  and  one  from 
a  patient  with  partial  lipoatrophic  diabetes.   The  maximal  stimulation  is 
not  altered  in  any  of  these  cell  lines.   Cells  from  Type  I  diabetics  were 
totally  normal  in  their  response  to  insulin  in  the  glycogen  synthase  assay. 
One  patient  with  early  onset  diabetes  did  have  abnormally  low  levels  of 
enzyme ,  however . 

Insulin  preincubation  can  reduce  the  binding  of  ^^^I-insulin  to  human 
fibroblasts  in  a  dose  related  fashion.   Up  to  60%  of  the  specific  binding  can 
be  lost  by  four  hours  of  incubation  with  100  ng/ml  insulin.   This  process  and 
also  the  recovery  of  receptor  sites  is  dependent  upon  protein  synthesis.   If 
the  preincubation  with  insulin  is  done  in  the  absence  of  glucose  and  serum, 
the  loss  of  binding  capacity  appears  to  be  due  to  a  decrease  in  receptor 
affinity.   If  the  preincubation  is  done  in  conditioned  media,  R^  appears  to 
be  decreased.   In  either  case,  the  result  of  down  regulation  is  manifested 
in  the  glycogen  synthase  assay  as  both  a  decrease  in  maximal  stimulation  and 
an  increase  in  ED5Q. 
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\vhen  cells    from   the    insulin   resistant   patients  were   examined,    all   but 
four  cell   lines  were  do^'/n   regulated  with  the   same  concentration   of    insulin 
and   to    the   same   extent   as   control   cells.      Both  patients  with   insulin  receptors 
of   decreased   affinity  were  not   down   regulated    except   at  verv   high   insulin 
concentrations.      Two   cell   lines   from  variant    Type  A  patients,    both  of   which 
had   elevated   ED5Q    in   the  glycogen   synthase  assay,    were  not    sensitive   to 
down  regulation. 

Receptor,    post-receptor,    or   both  defects  are   thus   present    in  all   cell 
lines  derived    from  patients   with  both  the  Type  A   syndrome  of    insulin 
resistance  and   acanthosis  nigricans,    and   with  the  variant    forms   of    this 
disorder.      Only  one  of    four   cell   lines   from  patients  with  lipoatrophic 
diabetes   has  any  abnormalities  and    these  were  at   the  post-receptor   level. 

Publications : 
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2.  Rechler,    M.    M.,    Zapf ,    J.,    Nissley,    S.    P.,    Froesch,    E.    R. ,    Moses,    A.    C, 
Podskalny,    J.    M.,    Schilling,    E.    E.,    and   Humbel,    R.    E.:      Interaction  of 
insulin-like   growth   factors   I   and    II   and  Multiplication   Stimulating 
Activity  with  receptors  and   serum  carrier   proteins.      Endocrinol. 

107:  1451-1459,  1980. 
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Horm.  Res.,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

B-lymphocyte  cell   lines  were   established  using   Epstein-Barr  virus   from 
peripheral   blood   of   normal  volunteers,    juvenile-onset  diabetics  and   patients 
with  extreme   insulin  resistance.      Several   patients  with  extreme   insulin 
resistance  have  been   found   to   have  decreased  numbers   of    insulin  receptors   on 
cultured   lymphocytes.      These   syndromes  have   included   leprechaunism.    Type  A 
extreme   insulin  resistance,    and   the   Rabson-Mendenhall   syndrome.      Another 
patient  with  leprechaunism  has   been  found   to   have  a  normal  number   of   receptors. 
However,    the  receptors    in   this  patient   have  a  markedly  decreased    sensitivity 
to   changes    in   temperatures  and   pH. 
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Extreme  insulin  resistance  is  a  rare  syndrome.   Among  the  causes  are 
antibodies  to  insulin,  antibodies  to  the  insulin  receptor,  defects  in  insulin 
binding,  and  defects  in  the  steps  of  insulin  action  subsequent  to  hormone 
binding.   In  our  present  studies  'xe  have  concentrated  primarily  on  genetic 
syndrome  defects  either  in  insulin  binding  or  post-binding  events.   By 
creating  permanent  cell  lines  from  patients'  cells  we  hope  to  obtain  a  set 
of  tools  which  will  contribute  to  the  elucidation  of  che  poorly  understood 
mechanism  of  insulin  action. 

Using  Epstein-Barr  virus,  we  have  established  B-lymphocyte  cell  lines 
from  peripheral  blood  of  normal  volunteers,  as  well  as  patients  with 
juvenile-onset  diabetes,  lipoatrophic  diabetes.  Type  A  extreme  insulin 
resistance.  Type  B  extreme  insulin  resistance,  leprechaunism,  and  the  Rabson- 
Mendenhall  syndrome.   With  the  exception  of  cells  from  a  patient  with 
Type  A  extreme  insulin  resistance  all  other  patients'  cells  had  markedly 
diminished  ^^^I-insulin  binding.   This  resulted  from  a  decreased  number 
of  insulin  receptors.   The  residual  receptors  had  normal  properties  as 
judged  by  specificity  of  hormone  binding  as  well  as  ability  to  bind  anti- 
receptor  antibody. 

In  another  study  using  cultured  B-lymphocytes  from  a  leprechaun  patient 
in  which  normal  binding  with  -^^^I-insulin  and  normal  receptor  number  were 
exhibited,  we  found  an  abnormal  response  i.e.  sensitivity  to  changes  in 
temperature  and  pH.   We  are  pursuing  studies  in  abnormal  responses  in  other 
patient's  cultured  B-lymphocytes. 

Finally,  analyses  of  the  structure  of  the  insuln  receptor  on  cells 
from  leprechaun  patients  has  been  studied  using  polyacrylamide  electro- 
phoresis in  the  presence  of  SDS .   The  size  of  the  subunits  of  these 
receptors  appears  to  be  normal  while  the  number  of  receptor  molecules  per 
cell  appears  to  be  reduced. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  mechanisTiB  of   action  for   the   stimulation  by   insulins    (natural   and 
chemically-modified)    and    insulin-like  growth  factors  were   studied.      The 
growth  effect  was  measured   by   ^ [H] -thymidine   incorporation   into   cultured 
human  fibroblasts;    the  metabolic    effect  was  measured   by   stimulation  of 
glucose  oxidation   in  rat   adipocytes.      The  relative  order   of   potencies 
of   different    insulins  diverges  when  metabolic    effects  and   growth  effects 
are  compared.      The  divergences   between   two   types  of    insulin  action  suggest 
that   different  domains  on   the   insulin  molecule  are   involved    in  the   expression 
of   these  bioeffects. 
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The  mechanism  of   action   for   the   stimulation  of   growth  by    insulin  and 
other   growth  factors   such  as  multiplication   stimulating   activity,    (MSA), 
insulin-like  growth   factors   I,    IGF-I   are   being    studied   and   compared   to 
the  Lietabolic   activities   of    these   peptide  hormones.      Growth   effect   was 
measured   by   ^ [H] -thymidine   incorporation   into    the  DNA  of   cultured   human 
fibroblasts;    the  metabolic   activity  was  measured   by   stimulation  of   glucose 
oxidation   in  rat   adipocytes. 

Previously,    we   had   demonstrated    that   the  metabolic    effects   of    insulin 
and   IGFs  were  mediated    through  the   insulin  receptor.         In   these   studies, 
their   growth-promoting   effects   are  not  mediated   by   the    insulin  receptor, 
but   are   through  another   growth  receptor.      The  growth-promoting   potencies 
of   various  naturally-occurring   and   chemically-modified    insulin  were 
studied.      The  data  revealed    that    the  relative  order   of   potencies   between 
the  metabolic   and    the   growth  effects   of  various    insulins    is   strikingly 
different.      This   divergence   between   the   two    tjrpes   of    insulin  actions 
indicates   that   different   domains  on   the    insulin  molecule  are  responsible 
for   each  of    these   bioeffects.      In  addition,    the   growth-promoting   effect 
of    insulin  appeared    to   have  been  more   conserved    than    its  metabolic    effects. 

Of   all   the    insulin   tested,    only   the   insulins   from   the  hystricomorph 
family    (i.e.    casiragua,    coypu,    guinea   pig,    and   porcupine)    were  able   to 
stimulate   human   fibroblasts   to    synthesize   DNA   to   a   greater    extent    than 
any   other    insulin  or    IGF. 

To  understand   the  mechanism  of   action  of   the  hystricomorph' s    insulin 
we  used   the   technique  of   autoradiography   to  measure   ^ [H] -thymidine 
incorporation    into   the  DNA  of   human   fibroblasts.      We  have   found    that   guinea 
pig    insulin  was  able   to    stimulate  more  cells   to    synthesize   DNA  than   pork 
insulin,    MSA  and   IGF-I,    30%,    10%  and   10%,    respectively.      In  addition,    when 
maximum  concentrations  of    either   guinea   pig   plus   pork  or   guinea   pig   plus 
MSA  were  added,    the   effect   produced   was   additive   in  contrast    to    the 
combination  of    pork   insulin  and    IGF's  were  no   additivity  were  observed. 
These  data   support    the    idea   that   guinea   pig    insulin  and    pork   insulin  are 
mediating    their   growth  effects   through  different   mechanisms. 

Since  guinea   pig   and    pork   insulin    stimulated   different    populations 
of   cells   to    synthesize  DNA,    we   explored    the   possibility   that    these   cells 
could   be  differentiated   genetically.      Human   fibroblasts  were  cloned   and 
each  clone  was   tested   with  guinea   pig    insulin  and   pork   insulin.      The  results 
showed    that    the  ability  of   cells   to   respond    to    insulin   is  not   due   to   genetic 
differences   but    it    is   probably  due   to    some  metabolic  variations. 

Since  guinea   pig   and   pork   insulin  appear   to   have   separate  mechanisms 
to    stimulate  DNA  synthesis,    the   two    insulins  may   have   separate  receptors 
on  the  cell.      Using      ^I-guinea   pig    insulin,    a   separate  and   distinct   receptor 
for   guinea   pig   has   been  demonstrated   on   the  human   fibroblast    that   has   no 
or  very   low  affinity   for   pork   insulin. 
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reveal  proteins  (lactoperoxidase/Na-^  ^^I)  or  glycoproteins  (galactose  oxidase/ 
NaB^Hit,  periodate/NaB3H4)  .   The  receptor  has,  as  shown  by  all  these  methods, 
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with  twelve  different  lectins  have  also  been  analyzed.   Using  these  labeling  | 
techniques  we  have  measured  directly  the  turnover  rate  of  the  receptor  subun it! 
We  have  found  that  the  half  life  of  both  major  insulin  subunits  is  9-12  hours. 
When  the  cells  are  cultured  in  medium  containing  insulin,  the  degradation  rate 
is  accelerated  over  3-fold  accounting  for  the  decrease  in  receptor  concentratii 
observed  in  down-r egulat ion . 
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In   this   study  we  have   identified   the    insulin  receptor   of    the  human 
lymphocyte  by  biosynthetic    labeling  with  radioactive  amino   acids    (methionine, 
leucine)    and   sugars    (fucose,    galactose,    glucosamine  and  mannose)    as  well  as  by 
external  labeling  procedures   that  reveal  proteins   (lactoperoxidase/Na^^^I)    or 
glycoproteins    (galactose  oxidase/NaB^Hi+ ,    and   periodate/NaB'^Hi^)  ,      After 
extraction  with  Triton  X-100,    the  receptors  were  precipitated   quantitatively 
and   specifically  by  anti-receptor    serum  after  addition  of   a   second   antibody 
or  Protein  A.      Analysis  by   sodium  dodecyl   sulfate  polyacrylamide  gel   electro- 
phoresis  followed   by  autoradiography  revealed    two  major   bands  of  molecular 
weights  135,000  and   95,000  and  a  minor  component   of   205,000-210,000.      The  two 
major  bands  were  also   seen  with         I-insulin  covalently  cross-linked   by 
disuccinimidyl   suberate   to   lymphocyte  plasma  membranes. 

The   interaction  of    the   solubilized    insulin  receptor   from  two   different 
human  tissues,    placenta  and   cultured   lymphocytes  with  a   panel  of   twelve 
different   lectins  has   been   systematically   studied.      Six   lectins    (concanavalin 
A,    lentils,    pea,    ricin  I,    ricin   II   and  wheat   germ)    bound   the  receptor   and 
resulted    in   its   significant   purification.      A  similar  result  was  obtained  with 
receptors   for  multiplication   stimulating  activity    (MSA)    and   epidermal   growth 
factor    (EGF) .      Our   findings   indicate   that    the  carbohydrate  moiety  of    the 
insulin  receptor   contains  N-acetyl-glucosamine,   mannose,    and   galactose  but 
that   these   saccharide  residues   are  neither   receptor  nor   tissue   specific. 

We  have  directly  demonstrated    the  glycosylation  of    the   insulin  receptor 
subunits.      Receptors   of   human   lymphocytes  were  biosynthetically   labeled   with 
either    ['^H] glucosamine,    [^Hjgalactose,    [^H]fucose,    or    [^Hjmannose.      After 
solubilization   in  Triton  X-100,    cell   extracts  were   immunoprecipitated  with 
serum  containing  autoantibodies   to   the    insulin  receptor.      Sodium  dodecyl 
sulf ate-polyacrylamide  gel   electrophoresis  of    the   immunoprecipitates  under 
reducing  conditions   showed   that   both  major    subunits  of   the  receptor    (Mr= 
135,000,   Mr=95,000)    were   labeled   by  all   four    sugars.      The  ratio   of   activity 
in  the  134,000  versus   95,000  Mr   bands  varied   from  2:1  with  mannose   to   1.2:1 
with  galactose.      In  addition,    receptor    subunits   could   be  demonstrated  when 
the  cell   surface  of    intact   lymphocytes  were  labeled  with  NaB^Hi^   using   both 
the  galactose  oxidase    (acts   on  non-reducing   terminal   galactose  and   N-acetyl- 
galactosamine)    and   the  periodate   technique    (oxidizes   sialic   acid) .      With  the 
periodate  treatment,    NaB^Hi^    labeled   perf erentially   the   95,000  Mr   band.      With 
the  galactose  oxidase  procedure,    on   the  other   hand,    NaB^Ht+    labeled   only   the 
135,000  Mr   band;    prior   treatment  with  neuraminidase   increased   the  labeling 
of   this  band  and   revealed   also    the   98,000  Mr    subunit .      These  data  demonstrate 
that   both  major    subunits   of    the   insulin  receptor   are  complex  glycoproteins 
with  differences   in   the  non-reducing   ends  of    the  carbohydrate  chains.      In   the 
135,000  Mr   subunit,    there  appears   to   be  more   exposed   galactosyl  and/or   N- 
acetyl-galactosaminyl  residues  whereas   the   95,000  Mr   subunit   appears   to   have 
a  higher  degree  of    sialyation. 

We  have  also  measured   the   turnover   rate  of   the  polypeptide   subunits  of 
the  insulin  receptor   in  cultured   human   lymphocytes  and  have   investigated 
the  mechanism  of    insulin- induced   receptor   loss.      To   estimate  the  rate  of 
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receptor  degradation,    lymphocytes  were   either   pulse-labeled  with    [-^^Slraethio- 
nine  or   surface   labeled  with  Na^^I   and    lactoperoxidase.      By  both  labeling 
methods,    the  half    lives   of    the  major    insulin  receptor    subunits  were   9-12 
hours   in  normal  media.      When   the  cells  were  cultured    in  media  containing 
10   'M   insulin   the   turnover  was  accelerated    2.5   -  3.5    fold    (t]_/2   "^   3   hours). 
The   increase   in  degradation  rate  was   dependent   on   the   insulin  concentration 
and   correlated   well  with   the  ability   to    "down-regulate"    the  receptor.      The 
rate  of   biosynthesis   of    the   insulin  receptor   did   not   appear    to   be  altered 
in   the  presence  of   10  ®M   insulin  after   correcting   for   the  change   in 
degradation  rate.      In  conclusion,    these  data  demonstrate   that    insulin- induced 
receptor   loss    in  cultured   lymphocytes    is   due   to   accelerated   receptor 
degradation. 
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ANNUAL  REPORT  OF  THE  PEDIATRIC  METABOLISM  BRANCH 
NATIONAL  INSTITUTES  OF  ARTHRITIS,  DIABETES  AND  DIGESTIVE  AND  KIDNEY  DISEASES 

In  the  fiscal  year  1980-1981  clinical  and  laboratory  investigations  of  cystic 
fibrosis  (CF),  a  genetic  generalized  disorder,  have  continued. 

I.  GLYCOPROTEIN  STUDIES 

In  cystic  fibrosis  there  is  an  abnormal  physico-chemical  behavior  of  mucous 
secretions  which  leads  to  obstruction  of  organ  passages  and  consequent  chronic 
obstructive  pulmonary  disease,  pancreatic  deficiency,  hepatic  cirrhosis  and  var- 
ious types  of  intestinal  obstruction  in  neonates  and  other  age  groups.  Most 
studies  of  the  chemical  structure  of  glycoproteins  have  been  inconclusive  so  far, 
but  an  intensive  effort  applying  newly  available  methods  has  not  been  done  as  yet. 

Oligosaccharide  Structure  of  Human  a  -Macroglobulin: 

Alterations  in  the  carbohydrate  moieties  of  glycoproteins  from  patients  with 
cystic  fibrosis  have  been  described  for  various  glycoproteins.  One  of  these  is 
a  -macroglobulin  which  was  reported  to  have  decreased  sialic  acid  and  altered 
Concanavalin-A  binding  when  compared  to  normal  a,-macroglobul in.  The  possibility 
that  an  alteration  in  the  oligosaccharides  of  glycoproteins  is  the  basic  defect 
in  cystic  fibrosis  is  attractive.  Changes  in  the  sugar  groups  of  glycoproteins 
could  have  consequences  ranging  from  no  effect  to  the  elimination  of  a  glyco- 
protein's biological  function.  Such  a  defect  could  explain  the  varied  experi- 
mental results  and  the  assorted  clinical  symptoms  observed  in  patients  with 
cystic  fibrosis. 

The  primary  objective  for  this  study  is  to  elucidate  the  complete  structure 
of  the  oligosaccharide  chains  from  normal  and  cystic  fibrosis  a2-macroglobul in. 
Any  differences  in  the  glycoproteins  from  patients  with  cystic  fibrosis  coupled 
with  current  knowledge  of  the  synthesis  and  degradation  of  oligosaccharide  chains 
on  glycoproteins  would  allow  a  prediction  of  where  a  defect  may  occur.  This 
could  lead  to  an  understanding  of  the  basic  defect  in  cystic  fibrosis. 

a2-Macroglobul in  was  prepared  from  plasma  obtained  from  single  individuals 
by  plasmapheresis.  A  novel  combination  of  several  published  procedures  was  em- 
ployed to  isolate  homogenous  a2-macroglobul in.  Conventional  chemical  and  enzy- 
matic methods  are  being  used  to  determine  the  structure  of  the  oligosaccharide 
chains.  In  addition  to  these  conventional  techniques,  the  usefulness  of  high 
pressure  liguid  chromatography  to  separate  and  identify  oligosaccharides  is  being 
investigated.  So  far,  a  weak  anion  exchange  column  in  reverse-phase  has  provided 
very  good  separation  of  the  triantennary  chains  of  fetuin  from  the  biantennary 
chains  of  transferrin. 

At  this  point,  the  analysis  of  a2-ni3croglobulin  is  ongoing  and  incomplete  and 
all  of  the  results  are  preliminary.  The  data  so  far  accumulated  suggests  that  the 
a2-macroglobul in  from  a  normal  individual  has  only  one  type  of  oligosaccharide 
chain,  a  biantennary,  complex  chain  identical  to  those  of  transferrin.  The  sit- 
uation may  not  be  as  simple  for  the  a2-macroglobul in  in  cystic  fibrosis  since  the 
preliminary  methylation  analysis  is  unusual  in  that  it  contains  much  less  of  2,4 
methylated  mannose  than  does  the  analysis  of  the  normal  sugars.  In  contrast,  the 
sugar  composition  of  both  glycoproteins  are  very   similar  if  not  identical  and  this 
analysis  fails  to  confirm  a  report  from  another  group  that  cystic  fibrosis  a2-ma- 
croglobulin  is  deficient  in  sialic  acid  (Mark  E.  Lowe,  Ph.D.,  NIADDK). 
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II.  THE  AUTONOMIC  NERVOUS  SYSTEM  IN  CYSTIC  FIBROSIS 

Altered  sensitivity  to  catecholamines  1n  cystic  fibrosis.  The  fat  cells  as  a 
model : 

Earlier  this  Branch  demonstrated  that  patients  with  CF  were  hyporesponsi ve  to 
^-adrenergic  and  cholinergic  drugs,  but  resistant  to  e-adrenergic  drugs  as  deter- 
nined  by  pupillary  responses  and  cardiovascular  changes.  These  findings  were 
consistent  with  the  observation  that  leukocytes  from  CF  patients  produce  less 
cAMP  on  stimulation  in  vitro  with  catecholamines  than  do  cells  of  controls.  We 
are  extending  the  studies  by  determination  of  the  sensitivity  to  catecholamines 
in  a  physiologically  responsive  system,  the  mature  fat  cell.  The  fat  cell  is  an 
excellent  model  for  such  studies  as  it  has  been  extensively  studied  and  the  meth- 
odology well  standardized.   In  addition,  study  of  adipose  tissue  offers  the  ad- 
vantage of  investigating  the  responses  of  tissue  obtained  directly  from  patients 
and  carriers  of  the  disease  and  comparing  them  with  those  of  subjects  not  carry- 
ing the  cystic  fibrosis  gene. 

Adipose  tissue  obtained  by  needle  biopsy  from  CF  patients,  their  parents  and 
normal  controls  is  being  incubated  with  isoproterenol  and  lipolysis  determined 
by  increase  in  glycerol  in  the  medium.   In  fed,  well  nourished  young  men  the  ba- 
sal release  rate  of  glycerol  from  adipose  tissue  in  vitro  is  negligible. 

8         5f?i 

Isoproterenol  (10—  to  10—  )  stimulates  lipolysis  in  confirmation  of  find- 
ings in  other  laboratories.  Through  these  studies  we  will  determine  whether 
thei^e  is  a  systemic  defect  in  response  to  catechol ar^ine  in  the  CF  patient,  what 
is  the  nature  of  the  defect  and  whether  the  test  can  be  used  to  detect  carriers 
(heterozygotes)  of  the  CF  gene  (Milica  S.  Chernick,  M.D.,  Sidney  S.  Chernick, 
Ph.D.  ,  NIADDK). 

Salivary  amylase  isozyme: 

Some  investigators  have  reported  elevated  levels  of  circulating  salivary 
amylase  isozyme  in  patients  with  CF  and  feel  the  observation  reflects  an  auto- 
nomic hyperstimulation  of  the  salivary  secretion.  Our  own  observations  in  the 
past  have  indicated  normal  salivary  amylase  isozyme  in  sera  from  CF  patients. 
Studies  are  ongoing  to  study  a  larger  group  of  subjects  and  directly  correlate 
salivary  amylase  isozyme  activity  in  serum  to  levels  found  directly  in  salivary 
gland  secretion.  During  this  study,  various  methodologies  for  determination  of 
amylase  isozyme  distribution  are  being  performed  in  order  to  ascertain  whether 
some  of  the  apparently  discrepant  data  in  the  literature  can  be  attributed  to 
methodological  differences  (Van  S.  Hubbard,  M.D.,  Ph.D.,  NIADDK;  Robert  0.  Wolf, 
D.D.S.,  NIDR). 

III.  PLASMA  AND  CELLULAR  AMINO  ACID  LEVELS  IN  CYSTIC  FIBROSIS. 

Alterations  in  methionine  metabolism  which  have  been  suggested  in  cystic 
fibrosis  and  the  infection  and  liver  involvement  present  in  patients  with  cystic 
fibrosis  might  result  in  quantitative  differences  of  specific  amino  acid  levels. 
Therefore,  following  an  overnight  fast,  blood  was  obtained  from  clinically  stable 
cystic  fibrosis  patients,  obligate  heterozygotes,  and  normal  subjects.  The  age 
range  for  all  subjects  was  16-30  years.  Plamsa  and  washed  leukocyte  pellets  were 
prepared  from  the  blood  samples  and  were  processed  for  quantitative  amino  acid 
analysis  by  ster'dard  methods.  Cystic  fibrosis  and  normal  fibroblasts  matched  for 
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age  and  passage  number  were  cultured  in  three  different  media  (alpha,  Eagle's 
MEM,  and  MEM  +  non-essential  amino  acids),  harvested  at  confluency,  and  intra- 
cellular amino  acids  measured.  Methionine  content  of  all  samples  derived  from 
cystic  fibrosis  patients  was  similar  from  those  derived  from  normal  subjects. 
Compared  to  normal  plasma  (n=6),  plasma  from  cystic  fibrosis  (CF)  patients  (n=ll) 
had  an  increased  mean  level  of  glycine  (CF  298  nmol/ml  ±  12.4  [SEM],  normal  231 
nmol/ml  ±  15.1,  p<.005)  and  marginally  altered  citrulline  and  phenylalanine;  for 
these  amino  acids,  heterozygote  means  fell  between  those  of  cystic  fibrosis  homo- 
zygotes  and  normal  subjects.  The  ranges  for  the  concentration  of  all  plasma 
amino  acids  overlapped  for  the  three  groups  studied.  When  compared  to  leukocytes 
derived  from  normal  subjects  (n=3),  leukocytes  from  patients  with  cystic  fibrosis 
(n=5)  had  reduced  leucine  (CF  2.54  +  .46,  normal  5.00  ±  .29),  isoleucine  (CF  1.01 
±  .30,  normal  2.51  ±  .12),  valine  (CF  1.52  ±  .13,  normal  2.94  ±  .39),  and  phenyl- 
alanine (CF  0.86  ±  .17,  normal  1.95  ±  .20)  expressed  as  percentage  of  total  amino 
acids  (all  p<0.02).  The  ranges  for  these  amino  acids  within  the  different  groups 
did  not  overlap  and  the  amino  acid  content  of  leukocytes  from  obligate  heterozy- 
gotes  (n=4)  had  decreases  of  the  same  magnitude  as  the  homozygote  for  these  four 
amino  acids.  The  fibroblasts  from  cystic  fibrosis  and  normal  subjects  (2  lines 
each)  had  similar  amino  acid  content  in  all  three  media  studied.  The  alterations 
noted  in  the  amino  acid  patterns  from  cystic  fibrosis  patients  are  relatively 
small,  and  have  no  obvious  relationship  to  the  major  clinical  or   biochemical  fea- 
tures of  cystic  fibrosis.  Since  heterozygotes  had  similar  leukocyte  amino  acid 
patterns  compared  to  cystic  fibrosis  homozygotes,  it  is  unlikely  that  the  clinical 
condition  of  the  patient  is  responsible  for  this  observation.  The  number  of 
leukocyte  preparations  analyzed  in  this  study  was  small,  therefore,  further  in- 
vestigations are  being  performed  to  determine  the  reproducibility  of  this  ob- 
servation and  to  formulate  a  mechanism  for  its  occurrence  (Van  S.  Hubbard,  M.D., 
Ph.D.,  NIADDK;  Joseph  Schulman,  M.D.,  NICHD). 

IV.  CLINICAL  STUDIES  IN  CYSTIC  FIBROSIS. 

These  studies  are  aimed  to  clarify  the  significance,  incidence,  diagnosis 
and  therapy  of  various  abnormalities  and  complications  observed  in  cystic  fibro- 
sis patients  of  different  age  groups  through  the  development  of  clinical  studies 
including  the  use  of  experimental  diagnostic  and  therapeutic  agents. 

1.  The  use  of  cimetidine  to  improve  the  malabsorption  in  patients  with 
cystic  fibrosis  and  pancreatic  insufficiency.  Following  observations  of  reduced 
steatorrhea  and  azotorrhea  in  our  initial  6-week  clinical  trial  of  using  cimeti- 
dine as  an  adjunct  to  pancreatic  enzyme  supplementation,  we  have  initiated  a 
long-term  clinical  trial.  The  rationale  being  that  cimetidine,  an  H2  receptor 
antagonist,  decreases  gastric  acid  output  and  thereby  limits  gastric  inactivation 
of  the  supplemental  enzymes.  Improvement  of  gastrointestinal  symptomatology  has 
continued  as  assessed  by  decreased  stool  frequency,  improved  stool  consistency, 
decreased  frequency  of  abdominal  discomfort,  decreased  flatus,  and  decreased  com- 
plaints of  heartburn.  Weight  gain  has  been  significant  in  some  patients  and  no 
patients  have  lost  weight.  Approximately  12  patients  have  participated  in  the 
study,  some  entering  their  third  year  on  the  medication.  No  clinical  or  labora- 
tory side  effects  have  been  observed  (Van  S.  Hubbard,  M.D.,  Ph.D.,  Milica  S. 
Chernick,  M.D.,  Paul  A.  di  Sant'Agnese,  M.D.,  NIADDK). 

2.  Evaluation  of  exocrine  pancreatic  function.  A  simple  method  for  deter- 
mination of  pancreatic  deficiency  is  very  much  needed  to  facilitate  genetic  and 
other  studies  in  CF.  The  evaluation  of  the  synthetic  peptide  N-benzoyl -L-tyrosyl - 
p-amino-benzoic  acid  which  is  a  specific  substrate  for  the  proteolytic  enzyme, 
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chymotrypsin,  and  can  be  administered  orally  has  been  continued.  If  pancreatic 
enzymes  are  present,  digestion  of  this  tripeptide  occurs  and  PABA  is  absorbed, 
metabolized  in  the  liver  and  excreted  in  the  urine.  Quantitation  of  aromatic 
amines  in  urine  collected  following  the  administration  of  a  test  dose  is  then 
performed.  A  large  number  of  CF  patients  with  and  without  pancreatic  deficiency 
as  well  as  other  patients  with  pancreatic  deficiency  due  to  other  unexplained 
causes  of  malabsorption  as  well  as  normal  volunteers  have  been  studied.  Results 
so  far  have  been  in  agreement  with  the  other  tests  used  to  assess  digestion  and 
malabsorption  including  duodenal  drainage,  quantitative  stool  fat,  serum  amylase 
isoenzymes,  and  various  lipo-soluble  nutrients.  These  results  are  encouraging 
and  suggest  that  this  test  will  be  a  useful  assessment  of  exocrine  pancreatic 
function.  Preliminary  studies  evaluating  recovery  of  aromatic  amines  with  in- 
creasing dosage  of  supplemental  pancreatic  enzymes  indicate  that  the  test  may  be 
useful  for  titrating  enzyme  replacement  therapy.   Improved  methods  for  determina- 
tion of  urinary  aromatic  amines  are  being  investigated  in  order  to  make  this  test 
a  simple  office  procedure  available  to  all  physicians  (Van  S.  Hubbard,  M.D., 
Ph.D.,  Milica  S.  Chernick,  M.D.,  Paul  A.  di  Sant'Agnese,  M.D.,  NIADDK,  Robert  0. 
Wolf,  D.D.S.,  NIDR,  Robert  Fink,  M.D.,  Children's  Hospital  NMC,  Washington,  D.C.) 

3.  Echocardiographic  studies  in  cystic  fibrosis.  Last  year  extensive  echo- 
cardiographic  studies  in  cystic  fibrosis  were  described  and  an  echocardiography 
score  proposed.  Longitudinal  studies  have  been  continued. 

Limited  sequential  data  on  19  patients  followed  for  1-15  months  show  that 
stable  patients  with  initial  clinical  score  of  75-90  had  little  change  in  cardiac 
status  (echo  score);  while  patients  with  moderate  disease  and  scores  of  55-65 
who  deteriorated  clinically  had  increasing  abnormal  (lower)  echo  scores.  Four 
of  7  patients  with  scores  of  10  or  less  (normal  echo  score  =  25)  died  within 
6-12  months  of  the  initial  evaluation.  Echocardiographic  studies  of  patients 
started  on  digitalis  because  of  overt  failure  showed  evidence  of  significantly 
improve'd  cardiac  status  (+echo  score)  in  2  of  4  patients.   Further  longitudinal 
studies  on  this  patient  group  and  serial  studies  to  monitor  various  therapeutic 
interventions  ar-e  in  process  (Van  S.  Hubbard,  M.D.,  Ph.D.,  NIADDK;  Robert  Fink. 
M.D.,  Children's  Hospital  NMC,  Washington,  D.C;  Lucille  Lester,  M.D.,  University 
of  Chicago  School  of  Medicine,  Chicago,  Illinois). 

7.  Evaluation  of  skeletal  abnormalities  in  patients  with  cystic  fibrosis. 

"The  association  of  scoliosis  with  CF  is  generally  not  well  recognized.  To 
elucidate  the  matter,  we  analyzed  serial  radiographs  in  183  cases  of  CF,  looking 
not  only  for  the  presence  of  spinal  deformity,  but  also  seeking  evidence  of  a 
cause  in  those  affected.  The  severity  and  distribution  of  lung  disease  was  as- 
sessed in  all  patients  according  to  radiological  criteria.  Pulmonary  function 
tests  were  also  assessed  in  those  patients  found  tc  have  scoliosis  and  were 
correlated  with  chest  radiographs.  Clinical  and  biochemical  data  were  examined 
Tor  evider.ce  of  metabolic  bone  disease  in  these  affected  as  opposed  to  the  group 
as  a  whole. 

A  scoliosis  of  10"'  or  greater  was  present  in  15  of  151  patients  over  4  years 
of  age;  8  males  were  affected  out  of  96  and  7  females  out  of  55  (prevalence  8.3% 
and  12.7%  respedtively) ;  numbers  not  significantly  different  than  those  seen  in 
idiopatic  scoliosis.  Good  correlation  was  found  between  the  radiological  assess- 
ment of  pulmonary  disease  and  the  lung  disease  as  measured  clinically  and  by 
pulmonary  function  tests.  No  evidence  of  metabolic  disease  was  found  either 
radiological ly,  biochemically  or  clinically  in  any  of  the  15  cases.  The  presence 
of  scoliosis  was  not  associated  with  increased  severity  of  lung  disease,  nor  was 
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there  any  tendency  for  those  with  scoliosis  to  have  predominantly  unilateral 
pulmonary  disease  (Michael  Px.  Paling,  M.D.,  CC,  Milica  S.  Chermick,  M.D.,  NIADDK) 
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cially useful  since  they  offer  non-invasive  techniques  for  following  longitu- 
dinally such  functions  as  cardiac,  pancreatic  and  possibly  liver  involvement  in 
the  CF  patient. 
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Project  Description: 

Objectives: 

These  studies  are  aimed  to  clarify  the  significance,  ■•'ncidence,  diagnosis 
and  therapy  of  various  abnormalities  and  complications  observed  in  cystic  fibro- 
sis patients  of  different  age  groups  through  the  development  of  clinical  studies 
including  the  use  of  experimental  diagnostic  and  therapeutic  agents. 

1.  The  use  of  cimetidine  to  improve  the  malabsorption  in  patients  with 
cystic  fibrosis  and  pancreatic  insufficiency.  Following  observations  of  reduced 
steatorrhea  and  azotorrhea  in  our  initial  6-week  clinical  trial  of  using  cimet- 
idine as  an  adjunct  to  pancreatic  enzyme  supplementation,  we  have  initiated  a 
long-term  clinical  trial.  The  rationale  being  that  cimetidine,  an  H2-r'eceptor 
antagonist,  decreases  gastric  acid  output  and  thereby  limits  gastric  inactiva- 
tion  of  the  supplemental  enzymes.  Improvement  of  gastrointestinal  symptomotology 
has  continued  as  assessed  by  decreased  stool  frequency,  improved  stool  consis- 
tency, decreased  frequency  of  abdominal  discomfort,  decreased  flatus,  and  de- 
creased complaints  of  heartburn.  Weight  gain  has  been  significant  in  some  pa- 
tients and  no  patients  have  lost  weight.  Approximately  12  patients  have  parti- 
cipated in  the  study,  some  entering  their  third  year  on  the  medication.  No 
clinical  or  laboratory  side  effects  have  been  observed. 

2.  Evaluation  of  exocrine  pancreatic  function.  A  simple  method  for  deter- 
mination of  pancreatic  deficiency  is  very  much  needed  to  facilitate  genetic  and 
other  studies  in  CF.  The  evaluation  of  the  synthetic  peptide  N-benzoyl -L-tyrosyl 
-p-amino-benzoic  acid  which  is  a  specific  substrate  for  the  proteolytic  enzyme, 
chymotrypsin,  and  can  be  administered  orally  has  been  continued.   If  pancreatic 
enzymes  are  present,  digestion  of  this  tripeptide  occurs  and  PABA  is  absorbed, 
metabolized  in  the  liver  and  excreted  in  the  urine.  Quantitation  of  aromatic 
amines  in  urine  collected  following  the  administrai ton  of  a  test  dose  is  then 
performed.  A  large  number  of  CF  patients  with  and  without  pancreatic  deficiency 
as  well  as  other  patients  with  pancreatic  deficiency  due  to  other  unexplained 
causes  of  malabsorption  as  well  as  normal  volunteers  have  been  studied.  Results 
so  far  have  been  in  agreement  with  the  other  tests  used  to  assess  digestion  and 
malabsorption  including  duodenal  drainage,  quantitative  stool  fat,  serum  amylase 
isoenzymes,  and  various  lipo-soluble  nutrients.  These  results  are  encouraging 
and  suggest  that  this  test  will  be  a  useful  assessment  of  exocrine  pancreatic 
function.  Preliminary  studies  evaluating  recovery  of  aromatic  amines  with  in- 
creasing dosage  of  supplemental  pancreatic  enzymes  indicate  that  the  test  may  be 
useful  for  titrating  enzyme  replacement  therapy.   Improved  methods  for  determi- 
nation of  urinary  aromatic  amines  are  being  investigated  in  order  to  make  this 
test  a  simple  office  procedure  available  to  all  physicians. 

3.  Echocardiographic  assessment  of  cardiac  performance  and  development  of 
a  new  echocardiographic  scoring  system  in  cystic  fibrosis  (CF)T  To  characterize 
the  sequence  of  cardiac  changes  that  accompany  the  progressive  pulmonary  disease 
of  CF,  we  performed  M-mode  echocardiography.  Echocardiographic  measurements  of 
right  and  left  heart  dimensions  and  left  and  right  ventricular  systolic  time  in- 
tervals have  been  compared  to  data  previously  obtained  from  normals.  At  the  time 
of  the  echocardiograms  all  children  had  a  complete  evaluation  of  their  pulmonary 
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status  which  included  a  chest  roentgenogram  and  EKG;  pulmonary  function  testing 
(if  age  6  or  more),  and  clinical  scoring. 

The  right  ventricular  wall  thickness  was  increased  in  70%  of  patients,  and 
the  right  ventricular  dimension  was  increased  in  42"j  of  patients,  90/.  of  whom 
also  had  increased  wall  thickness.  Increasing  right  ventricular  dilatation  was 
variably  associated  with  alterations  of  left  heart  size  and  function.  When  echo 
abnormalities  were  examined  in  relation  to  Shwachman  Clinical  Score  we  found  that 
the  right  ventricular  wall  thickness  was  increased  in  35%  of  patients  with  mild 
disease  (Clinical  score  (CS)  =  81-100),  72%  of  moderate  (CS  =  51-80),  and  in 
100%  of  patients  characterized  as  having  moderately-severe  (CS  =  45-60)  or  severe 
(CS  =  F45)  disease  involvement.  The  right  ventricular  dimension  was  increased  in 
15%  of  mild;  28%  of  moderate,  83%  of  moderately-severe  and  100%  of  patients  with 
severe  disease.  RV  systolic  time  intervals  were  abnormal  in  50%  of  patients  with 
moderately  severe  and  100%  of  patients  with  severe  disease,  and  LV  systolic  time 
intervals  were  abnormal  in  the  more  severely  affected  patients  in  particular 
those  with  overt  right  heart  failure. 

Based  on  an  apparent  sequence  of  echo  abnormalities  in  the  progression  from 
mild  to  severe  disease  an  echo  scoring  system  has  been  developed.  This  scoring 
system  which  provides  an  objective,  quantitative  method  for  characterizing  the 
cardiac  changes  that  occur  in  this  progressive  pulmonary  disease  correlated  very 
well  with  Shwachman  (r=0.87)  and  Taussig  NIH  (r=0.89)  clinical  scores,  chest  x- 
ray  scores  (r=0.86)  and  pulmonary  function  test  results  in  these  patients. 

Limited  sequential  data  on  19  patients  followed  for  1-15  months  show  that 
stable  patients  with  initial  clinical  score  of  75-90  had  little  change  in  cardiac 
status  (echo  score);  while  patients  with  moderate  disease  and  scores  of  55-65  who 
deteriorated  clinically  had  increasing  abnormal  (lower)  echo  scores.  Four  of  7 
patients  with  scores  of  10  or  less  (normal  echo  score  =  25)  died  within  6-12 
months  of  the  initial  evaluation.  Echocardiographic  studies  of  patients  started 
on  digitalis  because  of  overt  failure  showed  evidence  of  significantly  improved 
cardiac  status  (i-echo  score)  in  2  of  4  patients.  Further  longitudinal  studies 
on  this  patient  group  and  serial  studies  to  monitor  various  therapeutic  inter- 
ventions are  in  process. 

4.  Plasma  and  cellular  amino  acid  levels  in  cystic  fibrosis.  Alterations 
in  methionine  metabolism  which  have  been  suggested  in  cystic  fibrosis  and  the 
infection  and  liver  involvement  present  in  patients  with  cystic  fibrosis  might 
result  in  quantitative  differences  of  specific  amino  acid  levels.  Therefore, 
following  an  overnight  fast,  blood  was  obtained  from  clinically  stable  cystic 
fibrosis  patients,  obligate  heterozygotes,  and  normal  subjects.  The  age  range 
for  all  subjects  was  16-30  years.  Plasma  and  washed  leukocyte  pellets  were 
prepared  from  the  blood  samples  and  were  processed  for  quantitative  amino  acid 
analysis  by  standard  methods.  Cystic  fibrosis  and  normal  fibroblasts  matched  for 
age  and  passage  number  were  cultured  in  three  different  media  (alpha,  Eagle's 
MEM,  and  MEM  +  non-essential  amino  acids),  harvested  at  confluency,  and  intra- 
cellular amino  acids  measured.  Methionine  content  of  all  samples  derived  from 
cystic  fibrosis  patients  was  similar  from  those  derived  from  normal  subjects. 
Compared  to  normal  plasma  (n=6),  plasma  from  cystic  fibrosis  (CF)  patients  (n=ll) 
had  an  increased  mean  level  of  glycine  (CF  298  nmol/ml  ±  12.4  [SEM],  normal  231 
nmol/ml  ±  15.1,  p<.005)  and  marginally  altered  citrulline  and  phenylalanine;  for 
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these  amino  acids,  heterozygote  means  fell  between  those  of  cystic  fibrosis 
homozygotes  and  normal  subjects.  The  ranges  for  the  concentration  of  all  plasma 
amino  acids  overlapped  for  the  three  groups  studied.  When  compared  to  leukocytes 
derived  from  normal  subjects  {n=3),  leukocytes  from  patients  with  cystic  fibrosis 
(n=5)  had  reduced  leucine  (CF  2.54  -  .46,  normal  5.00  i  .29),  isoleucine  (CF  1.01 
±  .30,  normal  2.51  -  .12),  valine  (CF  1.52  ±  .13,  normal  2.94  t  .39),  and  phenyl- 
alanine (CF  0.86  t   .17,  normal  1.95  ±  .20)  expressed  as  percentage  of  total  amino 
acids  (all  p<0.02).  The  ranges  for  these  amino  acids  within  the  different  groups 
did  not  overlap  and  the  amino  acid  content  of  leukocytes  from  obligate  heterozy- 
gotes  (n=4)  had  decreases  of  the  same  magnitude  as  the  homozygote  for  these  four 
amino  acids.  The  fibroblasts  from  cystic  fibrosis  and  normal  subjects  (2  lines 
each)  had  similar  amino  acid  content  in  all  three  media  studied.  The  alterations 
noted  in  the  amino  acid  patterns  from  cystic  fibrosis  patients  are  relatively 
small,  and  have  no  obvious  relationship  to  the  major  clinical  or  biochemical 
features  of  cystic  fibrosis.  Since  heterozygotes  had  similar  leukocyte  amino 
acid  patterns  compared  to  cystic  fibrosis  homozygotes,  it  is  unlikely  that  the 
clinical  condition  of  the  patient  is  responsible  for  this  observation.  The 
number  of  leukocyte  preparations  analyzed  in  this  study  was  small,  therefore, 
further  investigations  are  being  performed  to  determine  the  reproducibility  of 
this  observation  and  to  formulate  a  mechanism  for  its  occurrence. 

5.  Autonomic  nervous  system  dysfunction  in  patients  with  cystic  fibrosis. 
Investigations  of  abnormalities  relating  to  the  autonomic  nervous  system  have 
continued.  Some  investigators  have  reported  elevated  levels  of  circulating 
salivary  amylase  isozyme  in  patients  with  CF  and  feel  the  observation  reflects 
an  autonomic  hyperstimulation  of  the  salivary  secretion.  Our  own  observations 
in  the  past  have  indicated  normal  salivary  amylase  isozyme  in  sera  from  CF 
patients.  Studies  are  ongoing  to  study  a  larger  group  of  subjects  and  directly 
correlate  salivary  amylase  isozyme  activity  in  serum  to  levels  found  directly  in 
salivary  gland  secretion.  During  this  study,  various  methodologies  for  determi- 
nation of  amylase  isozyme  distribution  are  being  performed  in  order  to  ascertain 
whether  some  of  the  apparently  discrepant  data  in  the  literature  can  be  attri- 
buted to  methodological  differences. 

6.  Altered  sensitivity  to  catecholamines  in  cystic  fibrosis.  Earlier  this 
Branch  demonstrated  that  patients  with  CF  were  hyporesponsive  to  ^:t-adrenergic 
and  cholinergic  drugs,  but  resistant  to  6-adrenergic  drugs  as  determined  by 
pupillary  responses  and  cardiovascular  changes.  These  findings  were  consistent 
with  the  observation  that  leukocytes  from  CF  patients  produce  less  CAMP  on  sti- 
mulation in  vitro  with  catecholamines  than  do  cells  of  controls.  We  are  extend- 
ing the  studies  by  determination  of  the  sensitivity  to  catecholamines  in  a  phy- 
siologically responsive  system,  the  mature  fat  cell. 

Adipose  tissue  obtained  by  needle  biopsy  from  CF  patients,  their  parents 
and  normal  controls  are  being  incubated  with  isoproterenol  and  lipolysis  deter- 
mined by  increase  in  glycerol  in  the  medium.   In  fed,  well  nourished  young  men 
the  basal  release  rate  of  glycerol  from  adipose  tissue  in  vitro  is  negligible. 

8        5  m 

Isoproterenol  (10-  to  10=  )  stimulates  lipolysis  in  confirmation  of  find- 
ings in  other  laboratories.  Through  these  studies  we  will  determine  whether 
there  is  a  systemic  defect  in  response  to  catecholamine  in  the  CF  patient,  what 
is  the  nature  of  the  defect  and  whether  the  test  can  be  used  to  detect  carriers 
(heterozygotes)  of  the  CF  gene. 
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7.  Evaluation  of  skeletal  abnormalities  1n  patients  with  cystic  fibrosis. 
The  association  of  scoliosis  with  CF  is  generally  not  well  recognized.  To  elu- 
cidate the  matter,  we  analyzed  serial  radiographs  in  183  cases  of  CF,  looking 
not  only  for  the  presence  of  spinal  deformity,  but  also  seeking  evidence  of  a 
cause  in  those  affected.  The  severity  and  distribution  of  lung  disease  was 
assessed  in  all  patients  accordably  to  radiological  criteria.  Pulmonary  func- 
tion tests  were  also  assessed  in  those  patients  found  to  have  scoliosis  and  were 
correlated  with  chest  radiographs.  Clinical  and  biochemical  data  were  examined 
for  evidence  of  metabolic  bone  disease  in  those  affected  as  opposed  to  the  group 
as  a  whole. 

A  scoliosis  of  lOX  or  greater  was  present  in  15  of  151  patients  over  4  years 
of  age;  8  males  were  affected  out  of  96  and  7  females  out  of  55  (prevalence  8.3% 
and  12.7%  respectively);  numbers  not  significantly  different  than  those  seen  in 
idopatic  scoliosis.  Good  correlation  was  found  between  the  radiological  assess- 
ment of  pulmonary  disease  and  the  lung  disease  as  measured  clinically  and  by 
pulmonary  function  tests.  No  evidence  of  metabolic  disease  was  found  either 
radiological ly,  biochemically  or  clinically  in  any  of  the  15  cases.  The  presence 
of  scoliosis  was  not  associated  with  increased  severity  of  lung  disease,  nor  was 
there  any  tendency  for  those  with  scoliosis  to  have  predominantly  unilateral 
pulmonary  disease. 

Significance  to  Biomedical  Research: 

These  studies  will  aid  in  the  investigations  of  the  basic  hereditary  defect 
in  CF,  the  most  frequent  semi-lethal  genetic  disease  in  this  country,  by  defining 
and  improving  the  diagnostic  and  therapeutic  approach  to  the  many  manifestations 
and/or  complications  of  patients  with  CF  of  various  ages.  The  approach  to  coun- 
seling about  their  disease  and  risk  of  complications  may  vary  dependent  on  their 
age,  denree  of  pancreatic  involvement,  and  development  of  secondary  complications. 
Additionally,  careful  studies  comparing  CF  patients  with  and  without  clinical 
exocrine  pancreatic  insufficiency  will  allow  us  to  understand  more  about  the  role 
of  nutrition  in  cystic  fibrosis  and  interpret  our  results  more  intelligently  and 
thereby  possibly  come  closer  to  the  identification  of  the  basic  defect. 
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SUMMARY   OF   WORK    (200   words   or   less   -   underline    keywords) 

The  fatty  acid  composition  of  blood  and  tissue  lipids  of  patients  with 
cystic  fibrosis  has  been  shown  to  be  abnormal.  The  predominant  alterations 
include  a  decreased  linoleic  acid  and  increased  palmitoleic  and  oleic  acids. 
These  alterations  are  primarily  due  to  the  malabsorption  and  maldigestion 
associated  with  pancreatic  insufficiency  in  the  cystic  fibrosis  patient  and 
are  not  corrected  by  exogenous  pancreatic  enzyme  supplementation.  The  major 
unsaturated  fatty  acid  within  phospholipids,  and  thus  within  membrane  lipids 
is  linoleic  acid.  Decreased  linoleic  acid  content  as  observed  in  most  cystic 
fibrosis  patients  is  thus  associated  with  decreased  unsaturation  in  tissue 
iphosphol ipids  and  membranes.  This  characteristic  may  be  related  to  alterations 
in  membrane  function  as  well  as  altering  prostaglandin  synthesis.  Current  work 
is  aimed  at  delineating  the  role  of  altered  fatty  acid  composition  of  blood  and 
membrane  lipids  as  a  cause  of  alterations  in  the  recognition  or  interaction  of 
the  beta-receptors  in  CF  tissues  and  alteration  in  the  availability  of  arachi- 
donic  acid  for  the  biosynthesis  of  prostaglandin. 
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Project  Description: 
Objectives: 

The  fatty  acid  composition  of  plasma  and  tissue  lipids  of  patients  with 
cystic  fibrosis  has  been  shown  to  be  abnormal.  Our  work  during  the  past  several 
years  has  documented  that  this  generalized  observation  is  a  result  of  the  mal- 
absorption and  maldigestion  associated  with  pancreatic  insufficiency  in  the 
cystic  fibrosis  patient  and  cannot  be  corrected  by  any  current  routine  thera- 
peutic intervention.  Since  85-90%  of  the  cystic  fibrosis  patients  are  observed 
to  have  this  abnormality  of  fatty  acid  composition,  it  is  important  to  deter- 
mine how  this  altered  fatty  acid  composition  influences  both  in  vitro  and  in 
vivo  studies  from  patients  with  cystic  fibrosis. 

Fatty  acid  composition  of  blood  and  tissue  lipids  in  cystic  fibrosis: 

We  have  previously  demonstrated  that  the  abnormal  fatty  acid  composition 
of  plasma  lipids  observed  in  patients  with  CF  is  a  secondary  effect  of  the 
associated  pancreatic  insufficiency  (Hubbard  et  al ,  Lancet  2:1302-1304,  1977). 
This  observation  has  subsequently  been  confirmed  by  two  other  groups  (Galabert 
et  al.  Lancet  2:903,  1978,  Mishler  et  al ,  CF  Club  Abstracts,  1979).  We  have 
documented  (Clinica  Chemica  Acta  102:115-118,  1980)  that  the  abnormality  of 
the  fatty  acid  composition  of  erythrocyte  phospholipids  in  CF  patients  is  also 
only  observed  in  the  presence  of  pancreatic  insufficiency.  However,  several 
ether  groups  are  still  conducting  studies  relating  the  defect  in  fatty  acid 
metabolism  to  the  etiology  of  CF.  It  is  possible  that  if  the  fatty  acid  com- 
position of  specific  phospholipids  (i.e.:  phosphotidylethanolamine,  phospho- 
tidylserine  and  phosphatidylcholine)  were  determined  smaller  differences  might 
be  recognized. 

In  a  small  number  of  monocyte  preparations  increased  percentage  of  arachi- 
donic  acid  in  the  total  phospholipid  fraction  was  observed  in  samples  derived 
from  CF  patients  compared  to  normal  subjects.  This  observation  as  well  as  the 
decreased  responsiveness  of  leukocytes  to  stimulation  by  isoproterenol  reported 
by  Davis  from  our  lab  in  the  past  can  be  explained  by  observations  of  Hirata  et 
al  (PNAS  75:1718,  1978,  PNAS  76:368,  1979).  This  group  has  shown  that  in  the 
erythrocyte,  reticulocyte  and  other  cells,  there  is  a  transmethylation  pathway 
present  in  plasma  membrane  which  is  catalyzed  by  two  sepatate  enzymes.  Their 
investigations  have  shown  that  if  there  is  a  defect  in  this  pathway,  an  uncoup- 
ling phenomenon  occurs  between  the  stimulation  of  the  beta  receptor  and  the  for- 
mation of  cyclic  AMP.  Additionally,  if  there  is  a  defect  in  the  transmethylation 
pathway,  one  would  predict  that  the  concentration  of  phosphotidylethanolamine  and 
phosphotidyl serine  on  the  inner  side  of  the  plasma  membrane  would  be  increased 
along  with  a  decrease  in  the  biosynthesis  and  subsequent  concentration  of  phos- 
photidylchol ine  on  the  outer  side  of  the  membrane.  These  events  would  account 
for  an  increase  in  the  arachidonic  acid  in  phospholipids  derived  from  such  cells 
since  arachidonic  acid  is  the  predominant  fatty  acid  in  the  C-2  position  of  phos- 
photidylserine  and  phosphotidylethanolamine  and  in  the  normal  situation  the  fatty 
acid  in  the  C-2  position  of  phosphotidylchol ine  on  the  outer  side  of  the  membrane 
is  cleaved  by  phosphol  ipase  A-2  to  yield  lysoleci thin.  Preliminary  studies  in 
patients  both  with  and  without  pancreatic  insufficiency  indicate  that  there  may 
be  a  defect  in  this  transmethylation  pathway  of  phospholipids  when  using  an 
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enzyme  preparation  derived  from  the  leukocytes  of  these  patients.  Problems  with 
obtaining  a  purified  leukocyte  plasma  membrane  preparation  has  hindered  extension 
of  these  studies.  Other  cell  types  are  currently  being  investigated  to  determine 
if  the  hyporesponsiveness  to  isoproterenol  is  present;  if  observed,  these  cell 
types  (i.e.:  fat  cell)  will  be  used  to  extend  the  above  studies. 

Recent  studies  have  suggested  that  CF  patients  without  malabsorption  have  a 
slower  progression  of  their  disease.  It  is  not  known  whether  this  occurs  because 
of  their  nutritional  status  (including  normal  fatty  acid  composition)  or  because 
they  may  have  a  slightly  different  genetic  disease.  Since  patients  with  normal 
and  abnormal  absorption  occur  in  the  same  family  and  those  with  normal  absorption 
are  observed  to  eventually  lose  pancreatic  function,  nutritional  factors  may  be 
the  predominant  explanation  for  some  of  the  morbidity  of  the  disease. 

To  investigate  the  role  of  altered  fatty  acid  composition,  (with  emphasis 
on  levels  of  the  essential  fatty  acid,  linoleic  acid),  specific  forms  of  dietary 
supplements  are  being  evaluated  to  assess  absorption  in  and  acceptance  by  the  CF 
patient  with  pancreatic  insufficiency.  As  efficacious  forms  of  linoleic  acid 
supplements  are  established,  assessment  of  supplementation  programs  will  be  per- 
formed including  monitoring  pulmonary  function  studies,  hemoglobin-oxygen  dis- 
sociation curves,  2,3-DPG  levels,  clinical  score,  activity  level,  and  number  of 
hospitalizations. 

Significance  to  Biomedical  Research: 

Because  the  altered  fatty  acid  composition  of  tissue  lipids  may  affect 
their  function,  routine  assessment  of  the  fatty  acid  status  of  our  patients 
when  diagnosed  and  at  periodic  intervals  is  obtained.  Determinations  at  time 
of  diagnosis  are  useful  in  characterizing  the  patient,  especially  in  regard  to 
the  clinical  evaluation  of  exocrine  pancreatic  function.  The  fatty  acid  com- 
position, especially  with  regard  to  the  degree  of  unsaturation  may  account  for 
some  of  the  differences  observed  in  other  CF  research  and  may  be  a  partial  ex- 
planation for  the  variability  seen  from  patient  to  patient.  Thus,  this  analysis 
is  used  as  an  aid  in  interpreting  other  research  data  obtained  from  our  patient 
population. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Three  cases  of  Bartter-like  syndrome  in  infants  were  reported  to  the  Center 
for  Disease  Control  on  July  26,  1979.  These  infants  were  less  than  10  months  of 
age,  failed  to  gain  weight,  had  poor  appetites,  and  were  observed  to  have  hypo- 
chloremia,  hypokalemia,  and  varying  degrees  of  alkalosis.  Subsequently  approxi- 
mately 141  infants  have  been  documented  to  have  experienced  the  same  constella- 
tion of  symptoms.  The  common  denominator  in  all  these  cases  is  thought  to  be  I 
the  consumption  of  the  same  brand  of  soy-base  formula,  Neo-Mul 1 -Soy.  It  was  i 
learned  that  this  formula  contained  deficient  amounts  of  chloride  and  infants  i 
using  this  formula  as  the  sole  or  predominant  source  of  food  developed  a  severe  ! 
chloride  deficiency  with  other  associated  metabolic  al  titrations.  Long-term  ! 
effects  of  chloride-deficient  feedings  in  humans  is  not  known  and  therefore  a 
follow-up  of  these  infants  has  been  initiated. 
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Project  Description: 

Objectives: 

Investigations  of  the  possible  long-term  complications  of  chloride  deficient 
formula  feedings  and  metabolic  abnormalities  associated  with  these  infant  formulas 
and  of  the  possibility  of  certain  infants  within  this  group  having  a  pre-dispo- 
sition  to  the  development  of  metabolic  abnormalities  during  a  low  chloride  intake 
are  being  undertaken. 

Methods: 


A  five-year  follow-up  study  of  infants  who  were  fed  one  of  the  two  soy-bean 
based  formulas  deficient  in  chloride,  an  essential  nutrient,  has  been  initiated. 
Chloride  deficiency  can  cause  metabolic  alkalosis  which  has  been  associated  with 
a  failure  to  thrive  or  a  delay  in  the  growth  and  development  of  affected  infants. 
In  July,  1979  a  pediatric  nephrologist  reported  to  the  Food  and  Drug  Administra- 
tion and  to  the  Center  for  Disease  Control  3  cases  of  metabolic  alkalosis  in  in- 
fants who  were  being  fed  only  Neo-Mul 1-Soy,  one  of  the  soy  formulas.  Further 
investigations  have  found  at  least  141  cases  of  infants  having  episodes  of  meta- 
bolic alkalosis  (many  having  a  blood  pH  of  7.60  or  greater)  associated  with 
feedings  of  Neo-Mul 1 -Soy  or  CHO-Free,  the  other  formula.  Analysis  of  formula 
preparations  has  shown  that  the  products  contained  one-third  of  the  chloride 
stateri  on  the  product  label  and  supplied  approximately  one-fifth  of  the  chloride 
recommended  for  infants  by  the  American  Academy  of  Pediatrics. 

Studies  have  been  selected  in  order  to  rule  out  other  common  causes  of  meta- 
bolic alkalosis  especially  Bartter's  syndrome  which  has  symptoms  similar  to  those 
observed  in  these  infants.  These  studies  have  included  clinical  evaluation  with 
emphasis  of  growth  and  development,  and  detailed  neurological  and  psychological 
examination.  Laboratory  evaluation  of  the  metabolic  status  of  the  infants  has 
also  been  monitored.  Twenty-three  infants  have  been  entered  into  the  study  as 
of  this  time.  Although  all  infants  have  had  documented  metabolic  alkalosis  in 
association  with  Neo-Mull-Soy  consumption,  symptomatic  expression  of  the  disorder 
has  been  variable.  Distinct  sequelae  relating  to  the  deficient  chloride  feeding 
has  not  yet  been  established. 

Significance  to  Biomedical  Research: 

Since  the  occurence  of  the  chloride  deficient  feedings  in  these  infants  has 
been  likened  to  an  "experiment  in  nature",  it  offers  a  unique  opportunity  to  study 
the  important  role  of  chloride  in  growth  and  development  in  humans.  The  time  of 
the  chloride  deficiency  in  relationship  to  the  rapid  rate  of  growth  which  occurs 
in  the  child  at  such  a  time  makes  further  understanding  of  all  nutrient  require- 
ments of  utmost  importance. 

Publications:   None 
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SUMMARY  OF  WORK  (200  -ords  or  less  -  underline  keywords) 

ci2-Macroglobu1in  was  isolated  from  the  plasma  of  normal  individuals  and 
patients  with  cystic  fibrosis.  An  analysis  of  the  carbohydrate  structures  on 
these  homogenous  preparations  is  ongoing.  The  preliminary  results  indicate 
that  the  rxj-niacroglobul  in  from  normal  and  cystic  fibrosis  patients  have  similar 
sugar  compositions,  but  that  the  oligosaccharide  chains  may  have  different 
sequences  or  1 inkages. 
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Project  Description: 

Objectives: 

The  primary  objective  for  this  study  is  to  elucidate  the  complete  structures 
of  the  oligosaccharide  chains  from  normal  and  cystic  fibrosis  ao-macroglobul in. 
Any  differences  in  the  glycoproteins  from  patients  with  cystic  fibrosis  coupled 
with  current  knowledge  of  the  synthesis  and  degradation  of  oligosaccharide  chains 
on  glycoproteins  would  allow  a  prediction  of  where  a  defect  may  occur.  This 
could  lead  to  an  understanding  of  the  basic  defect  in  cystic  fibrosis. 

Methods: 


Isolation  of  a?-macroglobulin:  a2-macroglobul in  was  prepared  from  plasma 
obtained  from  single  individuals  by  plasmapheresis.  A  novel  combination  of 
several  published  procedures  was  employed  to  isolate  homogenous  ao-macroglobul in. 
The  plasma  was  first  precipitated  with  polyethylene  glycol.  Then,  the  concen- 
trated sample  was  passed  over  a  column  of  Blue-dextran  sepharose-6B,  followed 
by  zinc  chelate  chromatography.  Finally,  the  sample  was  chroma tographed  on 
Sephacryl  S-300.  About  300  to  400  mg.  of  ao-macroglobul in  was  prepared  from 
300  mis  of  plasma. 

Carbohydrate  Analysis:  Conventional  chemical  and  enzymatic  methods  are 
being  used  to  determine  the  structure  of  the  oligosaccharide  chains.  The  alditol 
acetates  of  the  sugars  are  examined  by  gas  liquid  chromatography  and  gas  chroma- 
tography-mass  spectrometry  to  establish  the  sugar  compositions.  The  sugar  link- 
ages are  elucidated  by  methylation  analysis.  The  order  of  the  carbohydrates  is 
determined  by  sequential  treatment  with  specific  glycosidases  and  by  Smith  degra- 
dations. The  intact  glycoprotein,  glycopeptides  prepared  by  exhaustive  pronase 
digestion,  and  oligosaccharides  released  by  trifluoroacetolysis  are  all  used  as 
the  starting  material  for  the  various  procedures. 

In  addition  to  these  conventional  techniques,  the  usefulness  of  high  pres- 
sure liquid  chromatography  to  separate  and  identify  oligosaccharides  is  being 
investigated.  So  far,  a  weak  anion  exchange  column  in  reverse-phase  has  pro- 
vided very  good  separation  of  the  triantennary  chains  of  fetuin  from  the  bi- 
antennary  chains  of  transferrin. 

Results: 


At  this   point,   the  analysis  of  a2-niacroglobulin  is  ongoing  and   incomplete 
and  all   of  the  results  are  preliminary.     The  data  so  far  accumulated  suggests 
that  the  a2-niacroglobulin  from  a  normal    individual    has  only  one  type  of  oligo- 
saccharide chain,   a  biantennary,   complex  chain   identical    to  those  of  transferrin, 
The  situation  may  not  be  as   simple  for  the  a2-macroglobul in   in  cystic  fibrosis 
since  the  preliminary  methylation  analysis   is   unusual    in  that  it  contains  much 
less  of  2,4  methylated  mannose  than  does   the  analysis  of  the  sugars   from  normal 
a2-macroglobulin.      In  contrast,   the  sugar  composition  of  both  glycoproteins  are 
very  similar  if  not  identical   and  this  analysis  fails  to  confirm  a  report  from 
another  group  that  cystic  fibrosis  ci2-™c'"oglobulin  is  deficient  in  sialic  acid. 
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Significance  to  Biomedical  Research: 

Alterations  in  the  carbohydrate  moieties  of  glycoproteins  from  patients  with 
cystic  fibrosis  have  been  described  for  various  glycoproteins.  One  of  these  is 
a2-macroglobul in  which  was  reported  to  have  decreased  sialic  acid  and  altered 
Concanaval in-A  binding  when  compared  to  normal  a^-macroglobul in.  The  possibility 
that  an  alteration  in  the  oligosaccharides  of  glycoproteins  is  the  basic  defect 
in  cystic  fibrosis  is  attractive.  Changes  in  the  sugar  groups  of  glycoproteins 
could  have  consequences  ranging  from  no  effect  to  the  elimination  of  a  glycopro- 
tein's biological  function.  Such  a  defect  could  explain  the  varied  experimental 
results  and  the  assorted  clinical  symptoms  observed  in  patients  with  cystic 
fibrosis. 

Publ ications; 

None. 
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ANNUAL  REPORT  SUMMARY 

CLINICAL  HEMATOLOGY  BRANCH 

I.    Study  of  Blood  Coagulation  and  Diseases  of  Hemorrhage  and  Thrombosis. 

A.    Enhancement  of  Platelet  Function  by  Inhibition  of  Phospholipid  Methyla- 
tion 


Phospholipid  methylation  studied  in  a  variety  of  mammalian  cells  has 
been  linked  to  a  number  of  events  occurring  following  stimulation  by  receptor- 
agonist  association.   Processes  that  initiate  cellular  response  such  as  activa- 
tion of  adenylate  cyclase  or  phospholipase,  changes  in  membrane  fluidity  and  ionic 
flux,  all  have  been  reported  to  be  dependent  on  methylation  of  plasma  membrane 
phospholipids.   Inhibition  of  methylation  had  been  found  to  suppress  physiologic 
responses  of  basophiles,  neutrophils,  fibroblasts,  lymphocytes  and  some  mammalian 
established  cell  lines  to  specific  stimuli.   We  had  previously  observed  that  in- 
hibition of  phospholipid  methylation  in  platelets  through  the  competitive  activity 
S-adenosyl-homocystine  and  3-deazaadenosine,  did  not  suppress  platelet  responses 
to  usual  concentrations  of  the  agonists,  thrombin,  ADP,  epinephrine,  collagen, 
arachidonic  acid  or  A23187  as  measured  by  serotonin  release,  platelet  aggregation, 
malondialdehyde  formation,  clot  traction  or  arachidonic  acid  release.   These 
observations  suggested  that,  in  contrast  to  all  other  cells  studied,  platelet 
function  was  not  decreased  by  inhibitors  of  phospholipid  methylation.   Further 
studies  of  platelet  function  showed  that  methyltransferase  inhibitors  at  levels 
which  completely  suppress  phospholipid  methylation  actually  sensitized  the  plate- 
let response,  in  response  to  minimum  stimulatory  concentrations  of  agonists. 
Whether  perturbation  of  the  methylation  pathway  directly  increases  the  sensi- 
tivity of  platelet  response  to  various  agonists,   or  whether  the  agents  used  to 
block  methylation  increased  platelet  response  through,  as  yet,  unidentified  meta- 
bolic affects  is  currently  under  study. 

B.    Effects  of  Platelet-inhibitory  Drugs  on  Coronary  and  Cardiac  Collateral 
Blood  Flow  Relative  to  Their  Effects  on  Platelet  Function. 

Several  drugs  known  to  inhibit  platelet  function  appear  to  have  value  in 
preventing  recurrence  of  coronary  thrombosis  or  coronary  insufficiency.   The 
effectiveness  of  these  drugs  in  the  treatment  of  heart  disease  has  been  assumed 
to  be  related  to  inhibition  of  platelet  function,  possibly  to  prevention  of  plate- 
let thrombus  formation  that  may  lead  to  coronary  artery  occlusion.   the  alternate 
possibility  that  these  drugs  may  have  a  direct  affect  on  the  cardiac  vasculature  ■ 
has  not  been  assessed.   In  conjunction  with  investigators  in  the  Heart  Institute  we 
have  compared  the  effects  of  sulfinpyrazone,  ibuprofen,  indomethacin,  aspirin, 
and  verapamil,  on  platelet  function  and  coronary  and  collateral  cardiac  blood  flow 
to  determin  whether  therapeutic  benefits  ascribed  to  these  various  drugs  could  be 
attributed  primarily  to  their  affects  on  platelets  or  on  myocardial  vasculature. 
By  comparing  circulator  responses  in  vivo  with  in  vitro  function  over  the  entire 
dose-response  range  of  the  various  drugs,  it  was  found  that  selfinpyrazone  and 
aspirin  increased  epicardial  coronary  collateral  flow  in  the  same  dosage  range  that 
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inhibited  platelet  aggregation  responses  to  various  agonists.   Thus  enhanced 
collateral  flow  may  be  responsible  for  the  beneficial  affects  ascribed  to  these 
drugs  in  coronary  artery  disease,  and  inhibition  of  platelet  function  may  be  of 
secondary  importance.  In  a  case  of  verapamil,  the  usual  doses  producing  an 
apparent  beneficial  effect  ^iH  vivo  had  no  affect  on  platelet  function  in  vitro. 
However,  at  _in  vitro  concentrations  of  verapamil  higher  than  those  attained 
in  vivo,  platelet  function  was  inhibited.   The  responsiveness  of  platelets  from 
various  normal  donors  to  verapamil  varied  widely,  and  this  variation  appeared  to 
be  correlated  with  a  similar  variation  in  cardiac  responsiveness  to  verapamil  at 
lower  doses.   These   observations  suggest  that  the  sensitivity  of  the  platelet- 
inhibitory  response  to  verapamil  may  serve  as  an  index  of  the  cardiac  responsive- 
ness of  different  individuals  to  this  drug.   Studies  of  effects  of  indomethacin 
and  ibuprofen  indicate  that  platelet-inhibitory  doses  of  these  drugs  are  similar 
to  the  doses  that  interfere  with  prostaglandin-mediated  coronary  vasodilation. 
The  latter  drugs,  by  inhibiting  cyclooxygenase,  equally  suppress  prostacyclin- 
induced  vasodilation  and  thromboxane-induced  platelet  aggregation.   The  net 
affect  on  coronary  vascular  events  would  not  be  readily  predictable. 

C.    The  Effects  of  Anion  Transport-Blocking  Agents  and  Alterations  of  Osmotic 
Strength  on  the  Interaction  Between  Platelets  and  Thrombin. 

The  ability  of  anion  transport  blocking  agents  and  of  elevated  osmotic 
strength  to  inhibit  exocytotic  processes  following  stimulation  of  various  cells 
or  chromaffin  granules  by  a  variety  of  secretory  agents  has  led  to  the  concept 
that  the  mechanism  of  exocytosis  is  a  chemiosmotic  process.   Platelet  secretion 
is  suppressed  by  anion  transport  blocking  agents  and  elevated  osmotic  strength 
in  all  respects  similar  to  that  of  other  secretory  cells  that  have  been  studied. 
The  chemiosmotic  theory  suggests  that  the  biochemical  events  in  cellular  secretion 
proceed  to  the  point  at  which  secretory  granule  fusion  with  plasma  membrane 
occurs,  then  ionic  transport  and  osmotic  rupture  accounts  for  release  of  granular 
material  in  the  final  stage  of  exocytosis.   Anion  transport  inhibition  and  high 
osmotic  strength  supposedly  inhibit  this  last  stage  of  exocytosis.   We  found 
in  our  previous  studies  concerning  the  metabolic  effects  of  anion  transport 
blockers  and  high  osmotic  strength  on  platelets  that  the  biochemical  responses  to 
stimuli  were  inhibited  proportionately  to  inhibition  of  the  platelet  secretion. 
Moreover,  anion  transport  blockers  and  high  osmotic  strength  suppressed  malon- 
dialdehyde  formation  which  is  the  earliest  metabolic  response  of  platelets  to 
stimulation.   Furthermore,  although  anion  transport  blockers  and  high  osmotic 
strength  inhibited  platelet  release  caused  by  thrombin,  these  inhibitors  had  no 
effect  on  release  initiated  by  other  stimuli  such  as  ADP  or  A23187.   These  various 
observations  are  inconsistent  with  concepts  of  chemiosmotic  regulation  by  anion 
transport  blockers  and  high  ionic  strength.   Because  the  platelet  receptor  for 
thrombin  may  be  platelet-associated  fibrinogen  we  studied  the  effect  of  anion 
transport  blockers  and  high  osmotic  strength  on  the  conversion  of  fibrinogen  to 
fibrin  by  thrombin.   This  reaction  was  inhibited  to  the  degree  comparable  to 
the  degree  of  inhibition  of  platelet  secretion  by  similar  concentrations  of  anion 
transport  blockers  and  levels  of  increased  ionic  strength.  We  next  determined 
whether  inhibition  of  platelet  secretion  was  a  result  primarily  of  suppressed 
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decreased  binding  of  thrombin.   It  is  clear  that  the  effects  of  anion  transport 
blockers  and  increased  osmotic  strength  on  platelet  function  do  not  provide 
evidence  for  a  chemiosmotic  step  in  exocytosis  as  previously  supposed.   Other 
cells  that  have  been  studied  from  this  point  of  view  should  be  re-evaluated 
to  determine  whether  interference  with  agonist  attachment  to  receptor  accounts 
for  the  action  of  anion  channel  blockers  and  increased  osmotic  strength  rather 
than  interference  with  a  chemiosmotic  lytic  process. 

II.   The  Study  of  Immunology  of  Blood  Cell  Deficiencies 

A.   Evaluation  of  Highly  Sensitive  Immunoglobulin  Assays  for  Detection  of 
Anti-Platelet  Antibodies  of  Clinical  Significance 

Many  of  the  isoantibodies  that  arise  clinically  as  a  result  of  platelet 
transfusions  or  fetal-maternal  immunization  cannot  be  detected  by  conventional 
serologic  tests  involving  cellular  aggluttination  or  complement  fixation,  either 
because  the  antibodido  not  possess  these  inherent  properties  or  because 
antibody  affinity  or  concentration  is  too  low  to  support  these  reactions.   Tests 
based  on  the  use  of  labelled  antiglobulin  reagents  or  stapholococcal  proten  A 
have  been  considered  the  most  sensitive  for  detecting  minimal  concentrations  of 
cell-associated  immunoglobulin.   Using  a  variety  of  known  isoantibodies  standard- 
ized in  our  laboratory  on  the  basis  of  complement  fixation,  cellular  aggluttina- 
tion, serotonin  release  and  platelet  aggregation  we  compared  the  sensitivity  of 
labelled  antiglobulin  and  stapholococcal  protein  A  assays  with  that  of  conventional 
tests.   Antiglobulin  and  protein  A  reactions  were  no  more  sensitive  than  complement 
fixation  tests  with  potent  complement- fixing  antibodies  but  were  more  suitable  for 
detecting  some  isoantibodies  that  did  not  have  complement-fixing  properties.  How- 
ever, all  of  the  tests  were  from  10  to  100-fold  less  sensitive  than  the  require- 
ment for  detecting  in  vivo  concentrations  of  antibody  that  caused  thrombocytopenia. 
By  in  vivo  tests  we  had  found  that  200  to  800  antibody  molecules  attached  per 
cell  can  cause  thrombocytopenia  whereas,  the  most  sensitive  in  vitro  immunologic 
tests  detected  no  less  than  2,000  to  5,000  antibody  molecules  per  cell.   One  of 
the  major  reasons  for  the  relative  insensitivity  of  in  vitro  tests  is  the  neces- 
sity for  washing  cells  exposed  to  antiglobulin  or  staph  protein  A  reagents. 
This  results  in  extensive  elution  of  the  relatively  low  affinity  antibodies  that 
commonly  form  clinically.   Current  plans  concern  development  of  modified  anti- 
globulin and  protein  A  reactions  involving  exposure  of  purified  platelet  membrane 
components  to  antibody  in  systems  that  can  be  controlled  without  washing  proce- 
dures. 

B.    Platelet-Associated  IgG  as  a  Measure  of  Mean  Platelet  Age  and  Platelet 
Turnover 

In  the  past  several  years  there  have  been  numerous  reports  on  elevated 
platelet-associated  IgG  (PAIgG)  in  patients  with  idiopathic  thrombocytopenic 
purpura  (ITP).   Because  the  platelet  life  span  is  decreased  in  this  disease  and 
there  is  a  factorin  the  plasma  of  patients  with  ITP  (ITP  Factor)  that  decreases 
the  platelet  level  when  transfused  into  normal  recipients,  ITP  has  been  con- 
sidered to  be  an  antibody-mediated  disorder.   The  finding  of  elevated  PAIgG  has 
been  taken  as  further  proof  of  this  etiology  and  evaluation  of  PAIgG  has  been 
suggested  as  a  diagnostic,  as  well  as  prognostic  test.   We  have  corroborated 
the  finding  that  PAIgG  is  elevated  in  ITP  but  we  disagree  with  interpretation 
of  these  results.   The  amount  of  PAIgG  found  on  platelets  in  our  studies  exceeded 
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the  saturating  amount  of  known  isoantibodies  and  drug  antibodies  by  1  to  2 
orders  of  magnitude  and  exceeded  the  minimum  injurious  concentration  of  known 
antibodies  by  as  much  as  3  to  4  orders  of  magnitude.   Since  most  patients  with 
ITP  having  these  high  concentrations  of  PAIgG  did  not  have  severe  depression  of 
platelets,  it  appeared  unlikely  that  the  immunoglobulin  coating  the  platelets  was 
true  antibody.  In  addition,  when  patients'  platelet  levels  returned  to  normal 
after  splenectomy  or  steroid  treatment  the  PAIgG  could  return  to  normal  within 
days,  a  finding  inconsistent  with  the  kno\^m  persistence  of  ITP  factor  in  the  plasma 
of  patients  who  had  responded  to  these  forms  of  therapy.   The  persistence  of  ITP 
factor  has  been  measured  in  our  laboratory  by  passive  transfer  experiments.   More- 
over, it  appears  that  some  patients  with  thrombocytopenia  due  to  destruction  of 
platelets  by  non- immunologic  mechanisms  also  had  high  levels  of  PAIgG.   These 
various  considerations  indicate  that  PAIgG  is  not  a  measure  of  attachment  of  true 
antibodies  to  platelets,  but  rather  is  an  indication  of  exaggerated  absorption  of 
non- antibody  IgG  to  immature  platelets.    When  platelets  are  turning  over  more 
rapidly,  as  they  do  in  ITP,  the  average  age  of  platelets  is  markedly  reduced. 
Since  platelets  normally  contain  on  the  order  of  4,000  to  6,000  molecules  of  IgG 
per  platelet  and  the  membranes  of  younger  platelets  tend  to  be  more  highly  ab- 
sorptive, the  test  for  PAIgG  may  prove  to  be  an  indication  of  platelet  mean  age 
that  is,  an  index  of  the  rate  of  platelet  turnover  rather  than  an  indication  of 
coating  by  antibodies.   We  are  currently  pursuing  experiments  to  further  define 
the  significance  of  PAIgG. 

C.    Serologic,  Clinical  Course  and  Therapy  of  Isoimmune  Neonatal  Thrombocytopenia 

(INT) 

INT  occurs  in  otherwise  normal  children  as  a  result  of  transplacental  transfer 
of  maternal  antibody  stimulated  by  incompatible  fetal  platelet  antigens.  The 
frequency  is  about  one  in  5,000  births  and  there  is  a  mortality  of  approximately 
13%  in  untreated  cases.   We  have  recently  analyzed  our  results  of  testing  serum 
and  platelets  obtained  on  224  normal  mothers  whose  newborn  infants  were  suspected 
of  having  INT,  and  have  evaluated  the  outcome  of  various  forms  of  treatment  in  44 
families  with  2  or  more  children  in  which  INT  occurred.   The  major   findings  of 
this  study  were  that  approximately  50%  of  all  cases  of  this  disorder  were  caused 
by  sensitization  to  the  PI   antigen  which  we  initially  defined  20  years  ago. 
All   of  the  antibodies  elicited  by  this  particular  antigen  are  non-complement 
fixing  and  non-aggluttinating  and  are  present  at  low  concentrations,  rarely 
detectable  by  conventional  serologic  tests.   We  have  defined  the  frequency  of 
occurrence  of  INT  as  a  result  of  sensitization  to  6  other  platelet  antigens  and 
established  diagnostic  criteria  for  these  cases.   In  this  largest  series  of  cases 
available  to-date  in  addition  to  55  cases  studied  up  to  1964,  we  found  that  the 
most  effective  form  of  therapy  is  platelet  transfusion  with  washed  maternal 
platelets,  that  exchange  transfusion  is  of  limited  value  unless  combined  with 
platelet  transfusion,  and  that  adrenocorticosteroid  therapy  is  relatively  in- 
effective.  We  established  serologic  criteria  for  predicting  the  likelihood  of 
recurrence  of  INT  in  subsequent  children  after  an  index  case.   This  will  permit 
planning  for  therapeutic  procedures  in  future  cases  and  further  evaluation  of  the 
effectiveness  of  caesarean  section  in  preventing  hemorrhagic  complications  due  to 
birth  trauma.   We  established  that  maternal  fetal  ABO  incompatibility  is  not  a 
susceptibility  factor  in  INT  despite  some  information  in  the  literature  suggesting 
this  possibility. 
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D.    Serology,  Clinical  Course  and  Therapy  of  Post-transfusion  Purpura  (FTP) 

The  syndronEof  PTP  which  we  defined  20  years  ago  is  characterized  by  the 
sudden  onset  of  thrombocytopenia  approximately  a  week  following  transfusion  with 
blood  or  blood  fractions  containing  platelet  material.   When  thrombocytopenia 
develops  there  is  an  antibody  in  the  patient's  serum  against  an  isoantigen  present 
on  transfused  platelets  but  absent  on  the  recipient's  platelets.   This  unusual 
syndrome,  relevant  to  disorders  of  autoimmunity,  has  been  studied  by  us  in  34 
additional  cases.   This  year  we  reviewed  the  serology,  clinical  course,  and  therapy 
of  these  cases,  as  well  as  14  other  reported  patients.   Of  special  interest  are 
the  findings  that  all  cases  appear  to  be  due  to  a  single  antigen  incompatibility, 
PI   ,  that  the  reaction  occurs  only  after  an  anamnestic  antibody  response,  and 
that  the  antibody  apparently  in  association  with  residual  circulating  platelet 
antigen  is  adsorbed  by  the  patients'  platelets  to  cause  thrombocytopenia.   This 
mechanism  of  platelet  destruction  fits  the  findings  that  recovery  takes  place  in 
the  face  of  persistent  antibody  and  that  the  amount  of  platelet  antigen  received 
during  transfusion  satisfies  the  quantitative  requirements  for  development  and 
persistence  of  antigen-antibody  complexes  during  the  course  of  the  syndrome.  Our 
initial  suggestion  that  therapy  of  this  disorder  should  be  directed  at  removal  of 
residual  circulating  antigen  by  plasmapharesis  rather  than  at  removal  of  antibody 
has  been  upheld  by  observations  on  patients  treated  with  this  form  of  therapy 
compared  to  all  other  modes  of  treatment.   Patients  undergoing  exchange  trans- 
fusion, with  or  without  concomitant  platelet  transfusion  or  corticosteroid  therapy, 
have  all  had  prompt  reversal  of  hemorrhagic  symptoms  and  return  of  platelets  to 
normal  whereas  other  forms  of  treatment  have  been  relatively  ineffective.   All 
patients  were  exposed  to  antigen  one  or  more  times  prior  to  the  exposure  that 
caused  PTP  and  2  patients  had  more  than  one  episode  of  PTP  after  an  interval  between 
the  initial  episode  and  recurrence  that  allowed  for  decay  of  residual  antibody. 
Measurements  of  the  association  constants  of  the  responsible  antibodies  indicate 
that  only  a  complex  between  high-affinity  antibodies  (Ka  >1Q  )  in  complex  with 
PI   antigen  have  the  unique  potential  for  adsorption  by  PI  -negative  platelets. 
The  PI   antigen  has  been  found  to  be  proteinaceous  in  contrast  to  the  character- 
istic carbohydrate  structure  of  red  cell  antigens.   The  antigen  has  also  been 
linked  with  platelet  function  in  that  patients  with  a  congenital  platelet  dys- 
function, thrombasthenia,  do  not  express  PI   antigen  on  their  platelets.   The  PTP 
syndrome  has  been  valuable  in  elucidating  potential  mechanisms  of  autoimmunity, 
in  relating  platelet  structure  to  function,   and  establishing  quantitative  aspects 
of  immunologic  reactions  leading  to  destruction  of  platelets. 
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Project  Description: 

Objectives; 

To  study  the  nature  of  inraiunologic  reactions  which  result  In  formation 
of  antibodies  against  autologous  blood  cells,  and  to  determine  the  signifi- 
cance of  inimunity  in  development  of  "idiopathic"  blood  cell  deficiency 
states.   Of  special  interest  are  the  biochemical  reactions  which  result  in 
formation  of  complexes  between  cells,  antibodies,  and  drug  haptenes  and  the 
physiologic  processes  which  result  in  sequestration  of  cells  with  attached 
antibodies.   In  recent  years  our  work  on  identifying  inherited  leukocyte  and 
platelet  isoantigens  has  led  to  a  study  of  the  significance  of  these  antigens 
in  hetero-  and  homo- transplantation.   Immunologic  techniques  have  been  used 
to  develop  a  number  of  clinically  practical  diagnostic  tests  for  certain 
infectious  disease  and  drug  addiction. 

Methods  Employed: 

Techniques  of  quantitative  immuno chemistry,  including  preparation  and 
physiocochemical  characterization  of  purified  antibodies  and  antigens,  micro- 
analyses for  nitrogen,  histamine,  and  alkaloid  drugs  quantitative  measure- 
ments of  complement  fixation,  cellular  agglutination  and  precipitin  reactions, 
Immunoelectrophoresis,  methods  of  provoking  antibody  responses  in  man  and 
animals,  and  isotopic  and  fluorescent  labeling  applied  to  antigens  and  anti- 
bodies.  Tissue  culture  techniques,   red  cell  agglutination  and  techniques  and 
lymphocyte  transformation  tests,  including  radioautography .   Methods  of 
hemagglutination  involving  attachment  of  various  antigens  to  erythrocytes 
by  chemical  coupling. 

Publications : 

Shulman,  N.R.  and  Jordan,  J.V. ,  Jr.:   Platelet  Immunology.   In  Textbook  of 
Hemostasis  and  Thrombosis.   In  press,  1982. 

Shulman,  N.R.  and  Jordan,  J.V.,  Jr.:   Post  transfusion  purpura.  In  Textbook 
of  Hemostasis  and  Thrombosis.  In  press,  1982. 

Shulman,  N.R.  and  Jordan,  J.V.,  Jr.:  Isoimmune  neonatal  thrombocytopenia  INT). 
In  Textbook  of  Hemostasis  and  Thrombosis.   In  press,  1982. 

Shulman,  N.R.  and  Jordan,  J.V.,  Jr.:   Platelet-specific,  HLA,  and  erythrocyte 
antigens  in  platelet  transfusion  and  therapy.   In  Textbook  of  Hemostasis  and 
Thrombosis .   In  press,  1982. 
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Project  Description: 

Objectives: 

Study  of  the  reactions  and  interactions  of  coagulation  factors  in  vitro 
and  in  vivo  to  define  further  the  nature  of  the  blood  coagulation  mechanism, 
to  determine  factors  of  significance  in  the  pathogenesis  of  diseases  of 
hemorrhage  and  thrombosis,  and  to  develop  better  forms  of  therapy  for  these 
diseases. 

Methods  Employed: 

Methods  of  protein  purification  and  characterization,   techniques  of 
enzymology  applied  primarily  to  proteolytic  enzymes  and  their  inhibitors, 
kinetic  analyses  of  enzyme  reactions,  procedures  for  quantitative  measure- 
ment of  various  clotting  factors,  pharmacologic  and  physiologic  techniques 
applied  in  man  and  animals,  and  assessment  of  metabolic  pathways  of  blood 
cells  with  radioactivity  labeled  substrates. 
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Exocytosis  of  neurotransmitters,  hormones   and  other  cell  secretory  products 
is  believed  to  occur  by  calcium-dependent  movement  of  the  secretory  vesicle  to 
the  cell  surface  and  subsequent  fusion  of  the  secretory  vesicles  with  the 
plasma  membrane.   We  have  discovered  a  calcium-sensitive  linkage  of  secretory 
vesicles  to  the  cytoskeletal  protein  actin.  We  have  found  that  the  calcium 
binding  protein  synexin  binds  the  inside  of  the  plasma  membrane  as  well  as  the 
secretory  vesicle  membrane.   Membranes  drawn  together  by  this  protein  were 
demonstrated  to  fuse  together  when  exposed  to  arachidonic  acid   at  concentra- 
tions comparable  to  those  present  in  stimulated  cells.   Working  with  isolated 
adrenal  medullary  cells  we  have  found  that  epinephrine  secretion  appears  to 
depend  upon  an  energy  dependent  chemiosmotic  lysis  of  the  secretory  vesicle. 
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Objectives: 

The  object  of  our  work  has  been  to  discover  the  molecular  bases  for 
regulation  of  cellular  secretion  of  hormones  and  transmitters  by  exocytosis. 
Our  approach  has  been  to  search  for  factors  mediating  calcium  action,  membrane- 
cytoskeletal  interactions,  the  formation  of  complexes  between  secretory  vesicles 
and  plasma  membranes  and  the  final  breakage  (fission)   of  this  complex  leading 
to  the  ultimate  release  event  of  exocytosis. 

Methods  Employed: 

The  methods  we  have  employed  include  cell  fractionation,  ultracentrifugation, 
light  and  electron  microscopy,  enzymology,  scintillation  counting,  viscometry, 
light   scattering,  fluorescence  spectroscopy  and  nuclear  magnetic  resonance. 

Major  Findings: 

1.  Interaction  of  the  secretory  vesicle  with  the  cytoskeleton. 

Actin-containing  cytoskeletal  and/or  contractile  elements  have  been  proposed 

to  be  instrumental  in  the  translocation  of  secretory  vesicles  to  the  plasma 

membrane  during  calcium-mediated  exocytosis  of  secretory  products  from  cells.   We 

have  studied  the  interaction  of  F-actin  with  the  secretory  vesicles  from  the 

adrenal  medulla  (chromaffin  granules)  by  low  shear  falling  ball  viscometry  and 

by  cosedimentation.   Purified  chromaffin  granule  membranes  bind  purified  rabbit 

skeletal  muscle  F-actin  and  cause  large  increases  in  the  viscosity   of  F-actin 

under  conditions  that  may  approximate  the  resting  intracellular  environment  (low 

salt,  neutral  pH,  1-2  mM  MgCl^ ,  [Ca   ]^    ==  10~  M,  30°C)  .  The  actin-binding  and 

ztree  .     o 

cross-linking  activity  of  the  membranes  is  thermolabile   (2  ,  100  C)   and  trypsin- 

sensitive,  suggesting  that  F-actin  interacts  with  a  protein  component  in  the  chro- 
mffin  granule  membrane.   Prior  extraction  of  the  membranes  with  1  MKCl-3.5  M  urea, 
but  not  1  M  KCl  alone,  also  abolishes  the  actin-binding  and  cross-linking  activ- 
ity of  the  membranes.   This  could  be  due  to  inactivation  of  the  actin-binding 
component  by  urea  or  to  extraction  of  a  tightly  bound  extrinsic  membrane  protein 
responsible   for  attachment  of  actin  to  the  membrane.   Raising  the  free  calcium 
ion  concentration  to  micromolar  levels  reversibly  inhibits  the  increases  in  vis- 
cosity of  membranes  plus  F-actin,   but  has  no   effect  on  the  viscosity  of  F-actin 
alone.   The  free  calcium  ion  concentration  that  results  in  the  half-maximal 
inhibition  is  2.6  x  10~  M.  Regulation  of  the  interaction  of  F-actin  with  chromaf- 
fin granule  membranes  by  free  calcium  ion  concentrations  that  are  thought  to  con- 
trol  secretion  in  vivo  suggests  that  actin  may  indeed  play  a  role  in  exocytosis. 
We  propose  that  interactions  between  chromaffin  granule  membranes  and  actin  rep- 
resent naturally  occurring  associations  of  chromaffin  granules  with  the  cyto- 
skeleton and  that  calcium- induced  solation  of  this   actin-chromaf f in  granule  gel 
is  necessary  for  organelle  movement  to  the  plasma  membrane. 

2.  Interaction  of  the  secretory  vesicle  with  the  plasma  membrane:  A  process 
mediated  by  synexin? 

Synexin  is  a  calcium  binding  protein  isolated  from  adrenal  medullary 
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and  other  tissues  that  binds  to   chromaffin   granules  and  causes  them  to  aggre- 
gate in  a  calcium  dependent  fashion.  On  the  basis  of  these  properties  we  have 
suggested  that  this  protein  might  be  involved  in  mediating  calcium  action  during 
exocytosis.   Previous  work  has  demonstrated  calcium  dependent  binding  synexin  to 
chromaffin  granules  and  this  year  we  demonstrated  that  plasma  membrane  fragments 
from  chromaffin  cells  isolated  on  polylysine  coated  polyacrylamide  beads  also 
exhibit  calcium  dependent  binding  of  synexin.   Synexin  was  found  to  bind  in  a 
calcium  dependent  manner  to  beads  coated  with  either  plasma  membranes  or  chromaffin 
granule  membranes,  but  not  at  all  to  beads  coated  with  erythrocyte  membranes  or  un- 
coated  beads.    The  synexin  binding  to  plasma  membrane  coated  beads  showed  a 
specific  requirement  for  calcium   (K,  '^  200iiM)  and  was  insensitive  to  other  divalent 
cations  such  as  magnesium,  strontium^  and  barium.    Synexin  binding  to  either 
plasma  membrane  or  granule  membrane  coated  beads  was  saturable,   partially  rever- 
sible by  EGTA  and  was  directly  observed  by  SDS  polyacrylamide  gel  electrophoresis. 
The  demonstration  that  synexin  binds  to  plasma  membrane  as  well  as  granule  mem- 
branes in  a  similar  calcium  dependent  manner  satisfies  a  critical  requirement  for 
a  protein  presumed  to  be  involved  in  the  regulation  of  membrane  recognition  and 
fusion  during  exocytosis. 

3.    Fusion  of  membranes  brought  into  contact  by  synexin. 

When  isolated  chromaffin   granules  were  aggregated  by  synexin  and  then  exposed 
to  cis-unsaturated  fatty  acids  at  37  C  they  fused  together  to   form  large  vesicles. 
The  fusion  was  monitored  by  phase  and  electron  microscopy  and  by  turbidity  measure- 
ments on  the  granule   suspension.   Arachidonic  acid  was  the  most  effective  fusogen, 
while  trans- unsaturated  fatty  acids,  saturated  fatty  acids,  detergents  or  lysolec- 
thin  were  inactive.   During  fusion  some  of  the  epinephrine   of  the  granules  was 
released  but  the  soluble  core  proteins  remained  trapped  in  the  resulting  vesicles. 
These  vesicles  swelled  to  enclose  the  maximum  volume.  Although  this  swelling  could 
be  inhibited  by  increasing  the  osmotic  strength  of  the  medium,  it  did  not  appear 
to  depend  on  the  chemiosmotic  properties  of  the  granule  membranes  as  it  was  not 
influenced  by  ATP,  a  proton  ionophore  or  an  anion  transport  inhibitor. 

2+ 
The  regulators  of  this  in  vitro  fusion  —  Ca   ,  synexin  and  free,  cis- 

unsaturated  fatty  acids — may  be  present  in  the  cytoplasm  of  the  chromaffin  cell 
when   it  is  stimulated  to   release  epinephrine  and  granule  proteins  by  exocytosis. 
Therefore,  this  fusion  event  may  be  the  same  that  occurs  between  chromaffin  gran- 
ules undergoing  compound  exocytosis. 

A.    Catecholamine  transport  into  chromaffin  granules 

Catecholamine  transport  into  chromaffin  granules  is  ATP  dependent,   but  the 
charge  of  the  transported  species  is  not  known.   To  investigate  which  form  of 
catecholamine  is  recognized  by  the  transport  system  and  transported,  we  have  used 
a  newly  synthesized  compound,  dimethylepinephrine  (DIME).   DiME  is  permanently 
charged  by  virtue  of  3  methyl  groups  on  its  nitrogen.   We  discovered  that  DiME 
competitively  inhibits  uptake  of  tritiated  norepinephrine  with  a  K  of  approxi- 
mately 2  mM.   Tritiated  DiME  (  H  DiME)  is  not  transported  into  chromaffin  granules. 
Binding  of   H  DiME  to  chromaffin  granules  can  be  displaced  by  norephinephrine  or 
unlabelled  DiME,  and  is  not  temperature  dependent,  ATP  dependent,  nor  reserpine 
sensitive.   Areas  under  investigation  include  characterization  of  DiME  binding  to 
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chromaffin  granules  and  granule  membranes,   effect  of  DIME  on  catecholamine 

release  from  intact  granules  and  granule  ghosts,   effect  of  granule  charge  and 

^H  of  the  medium  on  DiME  binding,  and  the  effect  of  reserpine  on  norepinephrine 

H  DiME  competition  for  granule  membrane  binding  sites. 

5.    Chemiosmotic  processes  underlying  secretion  from  isolated  chromaffin  cells 

Dissociated  chromaffin  cells  from  bovine  adrenal  medulla  were  stimulated  to 
secrete  epinephrine  and  dopamine-b-hydroxylase  (DBH)  with  a  variety  of  secreta- 
gogues  in  a  study   designed  to  test  the  hypothesis  that  the  chemiosmotic  lysis 
reaction  of  isolated  chromaffin  granules  might  in  some  way  be  related  to  the 
mechanism  of  release  during  exocytosis.    Increasing  the  osmotic  strength  of  the 
incubation  medium  with  either  NaCl  or  sucrose  led  to  suppression  of  secretion 
of  epinpehrine  from  the  cells  regardless  of  whether  secretion  was  induced  with 
veratridine  or  acetylcholine.    Suppression  of   secretion  was  approximately  ex- 
ponential with  respect  to  osmotic  strength.   We  also  found   that  epinephrine 
secretion  occurred  only   if  the  medium  contained  a  permeant  anion  such  as 
chloride.   For  example,   secretion  induced  by  veratridine  was  suppressed  when  Na 
isethionate  replaced  NaCl  in  the  medium.   In  an   extensive  study  with  different 
monovalent  anions  we  found  that  veratridine  supported  epinephrine  secretion 
according  to  the  following  activity  series:  Br  ,  I  ,N0  >methylsulfate,SCN~>Cl> 
acetate>> Jisethionate.   A  similar  series  was  observed  with  A23187  as  agonist.  Anion 
transport  inhibitors  such  as  probenecid  and  pyridoxal  phosphate  also  inhibited 
secretion  while  the  stilbene  disulfonates  were  inactive.   Secretion  of  catechola- 
mines, induced  by  veratridine  or  nicotine,  a  cholinergic  agonist,  was  suppressed 
when  NaCl  in  the  medium  was  replaced  by  isosmotic  sucrose  and  unexpectedly  low 
levels  of  DBH  were  observed  in  some  cases.   Inhibitors  of  ATP  synthesis  such  as 
carbonyl  cyanid  p-trif luoromethoxy-phenyl-hydrazone  (FCCP) ,  KCN,  rotenone  and 
azide  blocked  epinephrine  secretion  effectively,  as  did  2-deoxyglucose,  an  in- 
hibitor of  glucose  utilization.   In  summary,  these  properties  of  chromaffin  cells 
resembled  the  properties  of  isolated  chromaffin  granules  incubated  in  ATP  and 
CI  ,  not  only  in  terms  of  relative  sensitivity  to  different  anions  in  the  medium 
and  of  apparent  requirements  for  metabolic  energy.   We  therefore  have  interpreted 
our  data  to  indicate  that  a  close  mechanistic  relationship  may  exist  between  the 
release  event  in  exocytosis  from  chromaffin  cells  and  the  chemiosmotic  lysis 
reaction  characteristic  of  isolated  chromaffin  granules. 
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activation  of  MgATPase  activity  in  chromaffin  granules.  J.  Biol.  Chem. 
255:7863-7869,  1980. 

Creutz,  C.E.  and  Pollard,  H.B.:   A  biophysical  model  of  the  chromaffin 
granule.   Biophys.  J.   31:255-270,  1980. 

Pollard,  H.B.,  Stopak,  S.S.,  Pazoles,  C.J.  and  Creutz,  C.E.:   A  simple 

and  novel  method  for  radiometric  analysis  of  glucose  utilization  by  adrenal 

chromaffin  cells.   Anal.  Biochem.   110:424-430,  1981. 

Pollard,  H.B.,  Pazoles,  C.J.,  Creutz,  C.E.  and  Zinder,  0.:   Role  of 
intracellular  proteins  in  the  regulation  of  calcium  action  and  transmitter 
release  during  exocytosis.   In  Levy,  A.,  et  al  (Eds.):   Monographs  in  Neural 
Science.  New  York,  Karger,  1980,  Vol.  7,  pp.  106-116. 

Creutz,  C.E.:   Cis- unsaturated  fatty  acids  induce  the  fusion  of  chromaffin 
granules  aggregated  by  synexin.   J.   Cell.  Biol.   In  press,  1981. 

Pollard,  H.B.,  Creutz,  C.E.,  Pazoles,  C.J.,  Scott,  J.H.  and  Fowler,  V.: 
Calcium  dependent  regulation  of  chromaffin  granule  movement,  membrane  contact 
and  fusion  during  exocytosis.   Cold  Spring  Harbor  Symp .  Quant.  Biol.  46.   In 
press,  1981. 

Pollard,  H.B.,  Pazoles,  C.J.  and  Creutz,  C.E.:   Mechanism  of  calcium 

action  and  release  of  vesicle  bound  hormones  during  exocytosis.  Recent  Progress 

in  Hormone  Research  37.  In  press,  1981. 
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ANNUAL  REPORT  SUMMARY  OF  THE  GENETICS  AND  BIOCHEMISRY  BRANCH, 
NATIONAL  INSTITUTE  OF  ARTHRITIS,  DIABETES,  DIGESTIVE  AND  KIDNEY  DISEASES 


In  the  area  of  molecular  genetics,  Dr.  Camerini-Otero  is  studying  the 
mechanism  of  recombination  in  eukaryotic  cells.   Recently,  mouse  cellular 
sequences  flanking  bacterial  plasmid  genes  inserted  during  DNA-mediated  gene 
transfer  have  been  isolated.   The  sequence  and  complexity  of  this  cellular 
DNA,  the  site  of  recombination  and  insertion  of  the  new  DNA  into  the  mouse 
cell,  is  being  investigated.   In  addition,  DNA-mediated  gene  transfer  is 
also  being  used  to  identify  and  to  purify  a  variety  of  genes  including  those 
coding  for  the  mouse  and  pig  histocompatibility  antigens. 

Dr.  Zasloff  has  made  a  detailed  study  of  two  human  tRNA.     genes 
isolated  previously.   One  of  these  was  found  to  have  a  base  substitution  in  a 
highly  conserved  region.   Both  genes  can  be  transcribed  to  a  precursor 
tRNA,     species  in  vitro  and  iri  vivo ,  but  the  transcript  of  the  variant  gene 
is  not  processed  to  the  mature  form. 

In  the  area  of  biochemical  genetics,  Dr.  Neufeld  is  continuing  the  study 
of  synthesis,  processing  and  translocation  of  lysosomal  enzymes.   A  precursor 
piece,  which  is  apparently  degraded  during  maturation  of  human  3-hexosamini- 
dase,  remains  assoicated  by  disulfide  bonds  to  the  mature  polypeptides  pro- 
duced by  some  rodent  cell  lines. 

Using  mutant  Chinese  hamster  ovary  cells.  Dr.  Robbins  has  examined  the 
effect  on  lysosomal  enzymes  of  errors  in  the  glycosylation  pathway.   A  defect 
in  the  synthesis  of  mannosyl  phosphoryl  dolichol  was  found  in  a  mutant 
originally  isolated  because  of  faulty  receptor  for  lysosomal  enzymes. 

In  the  area  of  clinical  genetics ,  Dr.  Zasloff  has  concentrated  on 
fibrodysplasia  ossificans  progressiva  (FOP) .   The  cellular  defect  in  FOP  was 
found  to  differ  from  that  of  a  similar  but  non-genetic  disease,  myositis 
ossificans  traumatica.   Amenorrhea  was  found  in  females  affected  by  FOP.   A 
limited  clinical  trial  was  undertaken  to  determine  the  value  of  a  synthetic 
retinoid. 

Dr.  Zasloff  has  also  shown  that  in  bronchopulmonary  Pseudomonas 
aeruginosa  infections  (found  most  often  but  not  exclusively  in  patients  with 
cystic  fibrosis),  there  are  always  specific  bacteriophage  present;  these  may 
play  a  role  in  the  pathogenesis  of  Pseudomonas  infections. 

Dr.  Camerini-Otero  is  studying  congenital  contractural  arachnodactyly 
(CCA) .   CCA  is  a  genetic  disorder  inherited  in  an  autosomal  dominant 
manner  which  can  sometimes  be  confused  with  the  Marfan  syndrome.   The  simi- 
larities and  differences  in  the  physical  findings  and  natural  history  of 
these  two  disorders  are  being  delineated. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  synthesis,  processing  and  translocation  of  lysosomal  enzymes 
are  under  continued  investigation.  1)   The  a-  and  S-  chains  of  3- 
hexosaminidase  are  synthesized  in  some  cjltured  rodent  cells  as  pre- 
cursors of  molecular  weight  about  14,000  higher  than  the  mature  chains; 
the  precursor  pieces  may  remain  associated  with  the  main  chains  by 
disulfide  bonds.  2)  The  polypeptides  of  3-hexosaminidase  synthesized 
by  cells  from  patients  with  Mucolipidosis  III  are  defective  in  that  they 
are  poorly  phosphorylated  and  poorly  processed.  3)  The  receptor-mediated 
uptake  of  S-galactosidase ,  another  model  lysosomal  enzyme,  proceeds  via 
coated  pits  through  uncoated  vesicles,  to  coated  vesicles  in  the  Golgi/GERL 
region,  and  finally  to  lysosomes. 
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Project  Description: 

Objectives: 

To  study  normal  lysosomal  function  as  well  as  the  biochemical  defects 
in  genetic  disorders  of  such  function,  as  in  mucopolysaccharidoses  and 
mucolipidoses,  and  to  use  the  findings  for  medical  assistance  to  the  patients 
and  their  families. 

Methods  Employed: 

Conventional  biochemical  techniques,  such  as  enzyme  purification,  prep- 
aration of  antibodies,  receptor  isolation,  use  of  radioisotopes,  gel  elec- 
trophoresis and  f luorography,  preparation  of  mRNA  and  cell-free  translation; 
culture  of  human  fibroblasts  from  normal  human  individuals  and  from  patients 
with  genetic  diseases,  as  well  as  culture  of  cells  from  other  species. 

Major  Findings : 

1.  The  previous  finding  of  abnormal  lysosomal  enzymes  in  I-Cell  disease 
has  been  extended  to  pseudo-Hurler  polydystrophy  (Mucolipidosis  III) . 
6-Hexosaminidase  synthesized  by  fibroblasts  derived  from  mucolipidosis  III 
patients  has  very  low  but  detectable  phosphate  content;  it  is  secreted  from 
the  cells  rather  than  incorporated  into  lysosomes,  and  it  is  not  processed 

to  the  mature  form.   Normal  S-hexosaminidase  can  be  internalized  by  Muco- 
lipidosis III  cells  and  processed. 

2.  The  "precursor  piece"  which  is  removed  during  maturation  of  B- 
hexosaminidase  a-  and  S-  chains  remains  associated  with  the  mature  enzyme 
(presumably  by  disulfide  bonds)  in  cultured  rat  basophilic  leukemia  cells 
and  mouse  macrophages  (P388-D1) .   This  can  be  observed  by  first  subjecting 
the  mature  enzyme  to  polyacrylamide  gel  electrophoresis  in  denaturing  but 
non-reducing  conditions;  isolation  of  the  S-hexosaminidase  chains,  followed 
by  reduction  and  re-electrophoresis,  allows  the  separation  of  a  fragment 

of  about  14,000  molecular  weight.   This  fragment  is  phosphorylated  in  rat 
basophil  leukemia  cells. 

3.  Biosynthesis  of  S-hexosaminidase  has  been  studied  in  fibroblasts  of 
two  clinically  normal  individuals  who  have  no  circulating  S-hexosaminidase  A 
activity.   The  pattern  of  newly-formed  S-hexosaminidase  was  that  expected 

of  Tay-Sachs  heterozygotes  and  the  cause  of  the  plasma  enzyme  deficiency  is 
not  known  (collaborative  with  Dr.  Thomas). 

4.  The  fate  of  S-galactosidase  internalized  by  Chinese  Hamster  Ovary 
cells  has  been  studied  by  fluorescence  and  electron  microscopy  (collaborative 
with  Drs.  Willingham  and  Pastan) .   The  enzyme  is  concentrated  in  coated  pits; 
from  there,  it  proceeds  via  uncoated  vesicles  to  a  central  (Golgi/GERL)  area 
of  the  cell,  where  it  is  seen  in  small  coated  vesicles,  and  finally  it 
reaches  lysosomes.   The  transit  time  from  coated  pits  to  lysosomes  at  37°  is 
15  -  45  minutes. 
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5.  A  canine  patient  with  a  storage  disease  has  been  brought  to  our 
attention.   Preliminary  studies  on  cultured  skin  fibroblasts  suggests  that 
the  disorder  may  be  related  to  Mucopolysaccharidosis  I. 

6.  The  cell-free  translation  of  .--hexosaminidase  has  been  undertaken, 
using  human  fibroblast  RNA  and  a  rabbit  reticulocyte  translation  system.   A 
polypeptide  immunologically  identifiable  as  the  a-chain  of  the  protein  has 
been  found  among  the  translation  products. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute : 
This  project,  begun  in  1967,  has  led  to  the  elucidation  of  biochemical 
defects  and  to  the  development  of  precise  diagnostic  methods  for  a  major 
class  of  genetic  diseases.   The  work  has  led  to  many  new  questions:  of 
cell  biology  (how  are  newly  formed  enzymes  translocated  from  the  site  of 
synthesis  to  lysosomes) ;  of  enzymology  (how  are  lysosomal  enzymes  modified 
post-translationally) ;  of  genetics  (what  is  the  structure  of  the  DNA 
encoding  lysosomal  enzymes,  and  what  are  the  changes  associated  with  the 
lysosomal  storage  diseases);  of  clinical  medicine  (how  can  an  effective 
therapy  be  developed) . 


Proposed  Course: 

1.  To  isolate  the  "precursor  piece"  of  3-hexosaminidase  and  study 
its  function.   Is  it  essential  for  recognition  of  the  enzyme  by  the 
phosphorylating  system,  or  for  its  packaging  into  lysosomes? 

2.  To  extend  the  morphological  studies  of  S-galactosidase  inter- 
nalization to  analogous  studies  of  the  receptor,  and  to  biochemical  studies 
using  cell  fractionation.   Is  the  receptor  internalized  with  the  ligand 
and  if  so,  where  do  the  two  part  company?   Where  and  how  does  endogenous 
enzyme  bind  to  the  receptor? 

3.  To  continue  study  of  the  canine  disorder,  and  determine  how  closely 
it  resembles  a  human  lysosomal  storage  disease.   If  further  biochemical 
studies  confirm  our  expectations,  to  develop  a  colony  of  dogs  of  which  the 
affected  members  could  be  used  for  experimental  therapies. 

4.  To  improve  the  rn  vitro  translation  system  of  ^-hexosaminidase 
so  that  it  can  be  used  as  an  assay  for  mRNA,  with  the  eventual  goal  of 
cloning  the  genes  for  g-hexosaminidase. 

Publications: 

Sando,  G.N.,  and  Karson,  E.M. :   p-Isothiocyanatophenyl  6-Phospho- 
a-D-mannopyranoside  Coupled  to  Albumin.   A  Model  Compound  Recognized  by 
the  Fibroblast  Lysosomal  Enzyme  Uptake  System.   1.   Chemical  Synthesis 
and  Characterization.   Biochemistry  19:  3850-3855,  1980. 

Karson,  E.M.,  Neufeld,  E.F.,  and  Sando,  G.N.:   p-Isothiocyanatophenyl 
6-Phospho-a-D-mannopyranoside  Coupled  to  Albumin:  A  Model  Compound 
Recognized  by  the  Fibroblast  Lysosomal  Enzyme  Uptake  System.   II. 
Biological  properties.  Biochemistry  19:  3856-3860,1980. 
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Neufeld,  E.F.:   Recognition  and  Processing  of  Lysosomal  Enzymes  in  Cultured 
Fibroblasts.   In  Callahan,  J.W.  and  Lowden,  A.J.  (Eds):  Lysosomes  and  Lysosomal 
Storage  Diseases.   New  York,  Raven  Press,  1981,  pp.  115-129. 

Myerowitz,  R. ,  and  Neufeld,  E.F.:   Maturation  of  a-L-Iduronidase  in  Cultured 
Human  Fibroblasts.   J.  Biol.  Chem.  256:  3044-3048,  1981. 

Frisch,  A.,  and  Neufeld,  E.F.:   Limited  Proteolysis  of  the  S-Hexosaminidase 
Precursor  in  a  Cell-free  System.   J.  Biol.  Chem.  in  press. 

Neufeld,  E.F.:   The  Receptor  for  Lysosomal  Enzymes  on  the  Surface  of  Cultured 
Fibroblasts.   In  Middlebrook,  J.  and  Kohn,  L.  (Eds.):   Relationship  Between 
Toxins  and  Receptors,  in  press. 


Wasteson,  A.,  and  Neufeld,  E.F. 
Methods  in  Enzymology,  Vol.  83, 


Iduronate  Sulfatase  from  Human  Plasma, 
in  press. 


Thomas,  G.H.,  Raghaven,  S.S.,  Kolodny,  E.H.,  Frisch,  A.,  Neufeld,  E.F.,  O'Brien, 
J.,  Reynolds,  L.W.,  Miller,  C.S.,  Shapiro,  J.,  Kazazian,  H. ,  Jr.,  and  Heller, 
R.H.:   Nonuniform  Deficiency  of  Hexosaminidase  A  in  Tissues  and  Fluids  of  Two 
Unrelated  Individuals.   Pediatric  Research,  in  press. 

Neufeld,  E.F.,  and  McKusick,  V.A.:   Disorders  of  Lysosomal  Enzyme  Synthesis 
and  Localization:   I-Cell  Disease  (Mucolipidosis  II)  and  Pseudo-Hurler 
Polydystrophy ,  (Mucolipidosis  III).   In  The  Metabolic  Basis  of  Inherited  Disease, 
Basis  of  Inherited  Disease,  Stanbury,  J.B.,  Wyngaarden,  J.B.,  Fredrickson, 
D.S.,  Goldstein,  J.L.,  Brown,  M.S.  (Eds.):   New  York,  McGraw-Hill,  5th  Edition, 
in  press. 

McKusick,  V.A.,  and  Neufeld,  E.F.:   The  Mucopolysaccharide  Storage  Diseases. 
In  The  Metabolic  Basis  of  Inherited  Disease,  Stanbury,  J.B. ,  Wyngaarden,  J.B., 
Fredrickson,  D.S.,  Goldstein,  J.L.,  Brown,  M.S.  (Eds.):   New  York,  McGraw-Hill, 
5th  Edition,  in  press. 

Neufeld,  E.F.:   Recent  Studies  on  the  Maturation  of  Lysosomal 
Enzymes .   Proceedings  of  the  International  Symposium  on  Inborn 
Errors  of  Metabolism,  (Interlaken,  1980),  in  press. 
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SUMMARY-  OF  WORK  (200  words  or  less  -  underline  keywords] 


We  have  cotransformed  mouse  Ltk   cells  with  herpes  simplex  virus 
thymidine  kinase  gene  and  several  DNA  clones  from  pig  and  mouse  genomic  lambd 
libraries  that  have  hybridized  to  an  HLA  (human  histocompatibility)  cDNA 
clone.   Several  of  these  cotransformants  appear  to  coexpress  the  thymidine 
kinase  gene  and  genes  from  the  major  histocompatibility  complexes  of  pig 
and  mouse. 
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Project  Description: 

Objectives : 

To  understand  the  role  of  cell-surface  antigens  in  mammalian 
development . 

Methods  Employed: 

Recombinant  DNA  techniques,  DNA-mediated  gene  transfer,  somatic  cell 
culture,  and  immunochemical  methods. 

Major  Findings : 

1.  J.  Seidman  and  his  colleagues  selected  several  lambda  recombinant 
DNA  clones  from  a  d  haplotype  mouse  genomic  library  that  hybridized  to  a  cDNA 
clone  for  an  human  major  histocompatibility  antigen  (HLA) .   Six  independent 
clones  selected  from  the  first  screening  were  transferred  with  the  herpes 
simplex  virus  thymidine  kinase  gene  into  Ltk   (tk  deficient,  k  haptotype) 
mouse  cells.   Using  several  criteria,  one  of  the  cotransf ormants  appears  to 
be  expressing  a  d  haplotype  antigen. 

2.  Similar  experiments  were  carried  out  with  a  putative  SLA  (pig 
histocompatibility  antigen)  recombinant  clone  obtained  in  a  similar  manner 

as  mentioned  above  from  a  miniature  swine  lambda  genomic  library  (D .  Singer). 
Preliminary  experiments  also  indicate  coexpression  of  this  antigen  and 
herpes  thymidine  kinase. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute : 

This  project  will  lead  to  a  better  understanding  of  the  structure  and 
function  of  cell-surface  and  histocompatibility  antigens. 

Proposed  Course: 

To  study  the  structure  and  function  of  the  genes  coding  for  mammalian 
histocompatibility  antigens. 

Publications : 

None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  initiator  methionine  tRNA  genes  previously  isolated  from  a 
recombinant  phage  library  of  human  fetal  liver  DNA  have  been  studied  in 
greater  detail.   The  functional  states  of  the  genes  have  been  assayed 
in  a  newly  described  in  vitro   transcription  system  and  in  vivo,    by 
insertion  into  a  recombinant  SVAO  chromosome.   Our  studies  have 
demonstrated  that  a  variant  tRNA.   gene,  containing  a  base  sub- 
stitution in  a  sequence  highly  conserved  in  both  prokaryotes  and 
eukaryotes  is  not  processed  efficiently  to  a  mature  species  in  vitro 
and  in  vivo. 
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Project  Description: 
Objectives : 

1.  To  determine  the  "functional  state"  of  the  several  human  tRNA. 
genes  isolated. 

2.  To  define  features  of  the  DNA  sequence  of  the  tRNA.     genes  which 
relate  to  expression. 

Methods  Employed: 

All  current  methods  in  nucleic  acid  research,  including  DNA  cloning, 
RNA  and  DNA  sequencing,  and  filter  hybridization  methods. 

Major  Findings : 

1.  Each  of  the  two  human  tRNA.     genes  previously  isolated  can  be 
transcribed  with  about  equal  efficiency  in  an  in  vitro  system  derived  from 
human  KB  cells. 

2.  A  method  has  been  developed  to  purify  the  crude  KB  cell  extract 
free  of  endogenous  inhibitors,  yielding  a  preparation  capable  of  accurate 
nucleolytic  processing  of  the  tRNA.     precursor  species.   The  nature 

of  the  inhibitor  has  not  been  determined. 

3.  In  the  im  vitro  system,  the  primary  transcript  of  the  normal 
tRNA.     gene  is  processed  in  an  ordered  series  of  endonucleolytic 
reactions:  The  5'  leader  sequence  is  cleaved,  followed  by  the  3'  trailer. 

4.  The  'mutant'  tRNA.    gene,  containing  a  G  to  T  substitution  at 
position  57,  highly  conserved  in  all  prokaryotic  and  eukaryotic  tRNAs,  is 
not  processed  to  the  mature  tRNA.    .   A  precursor  accumulates  in  vitro 
in  which  the  5'  leader  has  been  trimmed  to  the  mature  sequence,  but 
containing  a  totally  intact  3'  trailer. 

5.  To  assay  the  activity  in  the  mutant  tRNA.     gene  in  vivo,  a 
recombinant  SV40  virus  was  constructed  in  which  the  gene  was  inserted  behind 
the  promoter  of  the  late  region  of  the  virus,  replacing  almost  the  entire 
normal  late  region.   After  infection  of  African  green  monkey  kidney  cells 
with  this  recombinant  along  with  a  helper  SV40  virus,  RNA  was  recovered  from 
infected  cells  late  in  infection,  and  analyzed  by  standard  methods.   A 
predominant  RNA  accumulated,  representing  about  30%  of  the  low  molecular 
weight  RNA  recovered  from  the  cytoplasm  of  these  cells,  and  was  shown  to  be 

a  tRNA."'^  precursor  transcribed  from  the  variant  gene.   The  study  represents 
(a)  the  domonstration  of  a  first  tRNA  gene  transcribed  from  a  eukaryotic 
vector,  (b)  proof  that  a  point  mutation  in  a  considered  portion  of  the  gene 
does  not  lead  to  inactivation  at  the  level  of  transcription,  (c)  demonstration 
of  the  defective  processing  in  vivo,  (d)  suggestion  of  the  importance  of 
RNA  processing  as  a  "proofreading"  mechanism  protecting  the  eukaryotic 
organism  from  mutational  errors  within  the  tRNA  gene  family. 
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6.   The  5'  and  3'  flanking  regions  of  both  normal  and  variant  tRNA. 
genes  have  been  deleted  to  various  extents  by  in_  vitro  recombinant  DNA 
methods.   Data  demonstrate  that  the  control  regions  for  the  human  tRNA. 
genes  lie  within  the  mature  tRNA  coding  sequence. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute : 

The  project  attempts  to  understand  the  molecular  basis  of  specific  gene 
expression  in  the  human  genome  and  the  mechanisms  responsible  for  the  origin 
of  the  tRNA.     gene  in  the  genome. 

Proposed  Course: 

1.  In  vitro  detection  construction  of  the  tRNA.     genes  will  be 
continued  to  more  precisely  define  the  5'  and  3'  boundaries  of  the  control 
regions  of  each  gene. 

2.  Fractionation  of  the  partially  purified  KB  cell  extracts  will 
continue,  in  order  to  characterize  components  (in  addition  to  RNA  polymerase) 
needed  for  specific  transcription  of  the  tRNA.     gene. 

3.  The  tRNA.     gene  has  been  fused  to  the  herpes  thymidine  kinase 

gene,  in  such  a  manner  that  the  control  regions  on  the  viral  gene  have  been 

replaced  by  the  human  tRNA  gene.   We  wish  to  explore  the  properties  on  this 

synthetic  gene  by  direct  injection  into  the  germinal  vesicle  of  the  X.    laevis 

oocyte,  or  by  transfer  into  mouse  LTK   cells.   By  following  the  levels  of 

me  t 
viral  TK  enzyme  the  activity  on  the  tRNA.     promoter  could  be  studied  in 

vivo,  permitting  analysis  of  in  vivo  regulation  of  the  tRNA.     gene.   In 

addition,  the  construction  will  demonstrate  whether  a  gene  like  TK  normally 

transcribed  in  low  abundance  can  be  produced  in  yields  comparable  to  tRNA. 

a  predominant  cellular  RNA. 

Publications : 

Santos,  T. ,  and  Zasloff,  M. :   Comparative   analysis  of  human  chromosomal 
segments  bearing  non-allelic  dispersed  tRNA.     genes.   Cell  23:  699-709, 
1981.  ^ 

Zasloff,  M. ,  and  Santos,  T. :   Reiteration  frequency  mapping:  Analysis  of 

repetitive  sequence  organization  within  cloned  DNA  fragments  containing  the 

human  initiator  methionine  tRNA  gene.  Proc.  Natl.  Acad.  Sci.  USA,  Vol.  77: 
5668-5672,  1980. 
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SUMMARY    OF    WORK    (200    words    or    less   -    underline    keywords) 

Fibrodysplasia  ossificans   progressiva    (FOP)    is  a  heritable  disorder   of 
mesenchymal  cell  differentiation   in  which  heterotopic   bone  develops    in   the 
connective   tissue   surrounding   skeletal  muscle.      In  our    studies  on   the  basic 
cellular  defect  we   have  discovered   that   the   cellular   transformation   character 
istic  of   FOP   differs  from  the  non-genetic,    non-progressive  disorder,   myositis 
ossificans   traumatica.      Clinical   studies  have  demonstrated  a   previously 
undescribed   primary  or   secondary  amenorrhea    in  affected    females,    and   the 
pathophysiology   of    the  associated   condition    is   currently  under    study.      A 
limited   clinical   trial   is  underway  to   determine  the  efficacy   of   a   synthetic 
retinoid,    a  drug    suggested  by   in  vitro   studies   to   be  a   potentially  useful 
agent    in  the   treatment   of   FOP. 
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Project  Description: 
Objectives; 

1.  To  understand  the  cellular  basis  of  heterotopic  bone  formation 
in  f ibrodysplasia  ossificans  progressiva  (FOP) . 

2.  To  establish  an  appropriate  course  of  treatment  for  affected 
individuals. 

3.  To  define  appropriate  sensitive  diagnostic  criteria  in  order  to 
follow  the  progress  of  the  condition. 

Methods  Employed: 

Tissue  culture  methodology;  implantation  of  human  tissue  into  athymic 
mice;  techniques  of  diagnostic  imaging  including  computerized  axial  tomo- 
graphy and  bone  scanning;  routine  clinical  diagnostic  procedures;  thermo- 
graphy. 

Major  Findings : 

1.  All  post-pubertal  females  with  FOP  have  either  primary  or  secondary 
amenorrhea,  an  association  we  have  discovered  during  an  extensive  review  of 
clinical  histories.   Since  most  affected  individuals  experience  an  otherwise 
normal  pubertal  progression,  and  retain  a  post-pubertal  female  habitus,  we 
believe  the  cause  of  amenorrhea  to  be  due  to  ovarian  or  uterine  pathology. 

2.  A  study  was  undertaken  to  compare  the  lesions  of  FOP  with  a  similar 
metaplastic  condition,  myositis  ossificans  traumatica  (MOT) .   MOT,  like 
FOP,  is  condition  in  which  bone  elements  arise  from  loose  connective  tissues 
surrounding  skeletal  muscle.   MOT,  however  is  not  transmitted  as  a  genetic 
condition,  and  is  non-progressive  in  character.   Our  review  of  biopsy 
specimens  of  the  lesions  of  both  of  these  two  conditions  revealed 

a  previously  undescribed  basic  difference  between  FOP  and  MOT.   In  the 
genetic  disorder,  proliferating  f ibroblast-like  cells  appear  to  differentiate 
into  both  cartilage  and  bone  elements.   The  physical  organization  of  the 
lesion  strongly  suggests  that  both  chondroblasts  and  osteoblasts  arise  from 
a  common  cellular  precursor.   In  the  MOT  lesion,  however,  proliferating 
fibroblasts  appear  to  differentiate  solely  into  osteoblasts.   No  cartilag- 
inous elements  lie  within  the  zone  of  cellular  transformation.   It  appears 
that  factors  permitting  differentiation  of  hard  tissues  from  mesanchymal 
elements  in  MOT  are  more  restrictive  than  in  FOP.   The  cellular  basis  of  this 
phenomenom  remains  obscure. 

3.  The  children  have  seen  treated  with  the  synthetic  retinoid, 

Ro  10-9359,  provided  by  Hoffman  La  Roche,  for  a  period  of  6  months.   The 
drug  was  considered  because  of  its  effect  on  the  inhibition  of  cartilage 
differentiation  in  several  systems,  both  iji  vitro  and  in  vivo.   In  one 
child  the  appearance  of  new  lesions  appears  to  have  been  prevented.   Further 
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studies  will  hopefully  help  distinguish  a  therapeutic  effect  from  a 
spontaneous  remission. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute : 

The  project  attempts  to  elucidate  the  cellular  basis  of  a  fatal 
inherited  condition,  provide  rational  diagnostic  criteria  for  management, 
and  develop  an  effective  treatment  protocol. 

Proposed  Course: 

1.  We  will  continue  to  define  the  natural  history  of  the  development 
of  the  metaplastic  lesion. 

2.  The  pathophysiology  of  the  amenorrhea  in  FOP  will  be  explored,  and 
studies  of  sexual  functions  of  affected  males  will  begin. 

3.  The  trial  of  Ro  10-9359  will  be  reviewed,  and  most  likely  will  be 
extended  to  a  larger  scale  clinical  investigation. 

Publications : 

Schroeder,  H. ,  and  Zasloff,  M.A.:   The  spectrum  of  hand  and  foot  malforma- 
tions in  f ibrodysplasia  ossificans  progressiva.   Johns  Hopkins  Medical 
Journal,  147:  73-78,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  discovered  that  Pseudomonas  aeruginosa   specific  bacteriophage 
are  present  in  high  concentrations  in  the  sputum  of  patients  with  active 
bronchopulmonary  P.  aeruginosa   infections.   At  least  12  different  phage 
have  been  isolated  from  sputum  of  eight  patients,  seven  of  whom  had 
cystic  fibrosis;  these  phage  were  characterized  by  host  range  sensitivity 
and  electron  microscopic  morphology.   We  have  suggested  that  phage  might 
play  a  role  in  the  natural  history  of  human  Pseudomonas    infections . 
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Project  Description: 

Objectives : 

To  understand  the  mechanism  responsible  for  the  colonization  of  the 
bronchopulmonary  tree  of  the  patient  with  cystic  fibrosis  by  mucoid  strains 
of  Pseudomonas  aeruginosa. 

Methods  Empolyed: 

1.   Growth  and  cultivation  of  pseudomonads ;  phage  typing  of  pathological 
specimens;  quantitative  phage  adsorption  assays;  isolation  of  bacterial 
mutants;  characterization  of  bacteriophage  and  aeruginocins  by  electron 
microscopy,  antisera  inactivation,  buoyant  density  and  bacterial  sensitivity 
spectra. 

Major  Findings : 

1.  About  12  different  strains  of  P.  aevuginosa-s-pe.cii.lc  phage  were 
recovered  from  the  sputum  of  8  patients,  seven  of  whom  had  cystic  fibrosis. 

2.  The  phage  was  present  at  concentrations  in  sputum  ranging  between 

10   to  10   particles/ml,  with  the  corresponding  concentration  of  P.  aeruginosa 
ranging  between  10  -10  /ml.   By  electron  microscopy,  the  phage  resembled 
previously  described  Pseudomonas   phage. 

3.  In  3  patients  studied,  no  serum  antibodies  to  the  phage  present 
in  their  sputum  could  be  detected,  even  several  months  after  the  initial 
identification  of  the  phage. 

4.  Phage  was  assumed  to  arise  in  sputum  from  lytic  growth  on 
sensitive  bacterial  strains  prevent  in  the  airway,  since  both  phage  and 
bacteria  capable  of  supporting  lytic  growth  could  be  recovered  from  an 
individual's  sputum  sample. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

These  studies  should  extend  our  knowledge  not  only  of  the  biological 
basis  of  the  peculiar  and  almost  pathognomonic  colonization  of  the 
bronchopulmonary  tree  of  cystic  fibrosis  patients  with  a  severely  pathogenic 
Pseudomonas    strain,  but  also  elucidate  the  complex  ecological  inter- 
relationships of  pseudomonads  and  the  ubiquitous  bacteriophage  with  which 
they  coexist. 

Proposed  Course: 

1.  Characterization  of  the  phage  present  in  the  airways  of  CF 
patients  will  continue.   We  would  like  to  determine  if  specific  strains 
are  associated  with  infections  in  CF  patients. 
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2.   Further  studies  of  the  association  of  mucoid  Psendomonas 
with  CF  will  continue.   We  will  follow  up  some  published  studies  which 
suggest  that  epithelid  cells  of  CF  individuals  permit  greater  adherence 
of  mucoid  Pseudomonas   compared  to  cells  of  unaffected  individuals. 


Publications 
None 
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SUMMARY    OF    WORK    (200    words    or    less   -   underline    keywords) 

Ltk~  aprt"  mouse  L  cells  were  transformed  to  the  tk  phenotype  with  10 
nanograms  of  the  herpes  simplex  virus  thymidine  kinase  (tk)  gene  and  20 
micrograms  of  several  carrier  DNA's  (unlinked  to  the  tk) .   Five  transformant 
cell  lines  were  studied  in  detail.   Two  lines  were  derived  from  transfor- 
mations using  circular  pBR322  DNA  as  the  carrier  and  three  cell  lines  were 
obtained  from  transformations  using  circular  SV40  DNA  as  the  carrier.   In  all 
cases  we  were  able  to  show  that  many  of  the  restriction  endonuclease  fragment 
generated  from  the  cellular  DNA  annealed  to  both  tk  and  to  pBR322  or  SV40.   Iifi 
all  of  the  cell  lines  some  of  these  fragments  also  contain  cellular  DNA 
sequences.   Thus  it  appears  that  when  exogenous  DNA's  are  introduced  into  the 
cells  they  are  linked  to  each  other  before  they  are  integrated  into  the 
cellular  DNA.   We  have  also  been  able  to  do  a  family  study  of  contractural 
congenital  arachnodactyly .   The  relationship  of  this  condition  to  the  Marfan 
syndrome,  with  which  it  can  be  confused,  was  studied  by  reviewing  the  reporte 
incidence  of  the  physical  findings  characteristic  of  both  conditions. 
Criteria  for  distinguishing  the  two  are  being  developed. 
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Project  Description: 

Objectives: 

To  study  the  molecular  control  of  gene  expression.   To  use  this  know- 
ledge to  develop  new  techniques  for  gene  purification. 

Methods  Employed: 

Methods  of  molecular  biology  and  biochemistry.   Recombinant  DNA 
methodology.   Techniques  of  cell  culture  and  somatic  cell  genetics. 

Major  Findings: 

1.  When  the  herpes  thymidine  kinase  gene  is  transferred  into  mouse 
Ltk  cells  (mouse  L  cells  lacking  thymidine  kinase),  tk   transf ormants  are 
obtained.   The  nature  of  the  carrier  DNA  determines  the  frequency  of  trans- 
formation. \n\en   Ltk  DNA  is  used  the  frequency  is  1  transf ormant  per  20 
picograms  of  HSV-tk  gene.   When  carrier  DNA's  with  a  defined  sequence  are 
used  (pBR322,  SV40  or  M13  DNA)  the  frequency  of  transformation  is  one  to  two 
orders  of  magnitude  lower. 

2.  The  DNA  from  transformants  obtained  with  pBR322  or  SV40  as  the 
carrier  has  been  studied  by  the  technique  of  Southern  and  northern  blotting. 
In  all  cases  studied  many  of  the  restriction  endonuclease  fragments  generated 
from  the  cellular  DNA  of  the  tk   transformants  anneal  to  both  tk  and  to 
pBR322  or  SV40  sequences.   We  interpret  this  to  indicate  that  the  pBR322  and 
SV40  sequences  are  covalently  linked  to  the  tk  sequences. 

3.  Similar  data  obtained  using  restriction  enzymes  which  do  not  cleave 
either  pBR322  or  SV40  and  tk  can  be  used  to  determine  how  many  separate 
domains  of  the  carrier  (pBR322  or  SV40)  and  the  selected  gene  (tk)  sequences 
there  are.   In  all  cell  lines,  but  one,  there  is  only  one  such  domain.   In 
the  one  exception  there  appear  to  be  at  least  three  domains.   This  data  also 
indicates  that  there  are  cleavage  sites  for  those  enzymes  flanking  the 
exogenous  DNA.   These  sites  must  be  on  the  DNA  from  the  recipient  cell. 

4.  Restriction  endonucleases  that  cut  pBR322  or  SV40  only  once 
produce  bands  expected  for  unit  length  SV40  or  pBR322 .   This  suggests 
that  multiple  copies  of  the  carrier  sequences  have  been  integrated  in  a 
head-to-tail  array. 

That  the  single-length  copies  of  pBR322  and  SV40  generated  are  not  due 
to  unintegrated  copies  of  these  circular  molecules  was  ruled  out  in  a 
variety  of  ways  including  electrophoretic  analysis  of  undigested  DNA, 
acid-phenol  extracts  and  Hirt  supernatants. 

We  conclude  that  most  of  the  exogenous  sequences  exist  as  part  of  a 
high  molecular  weight  structure  containing  the  tk  sequences  linked  to 
carrier  DNA  which  is   itself  linked  to  cellular  DNA. 
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6.  For  one  of  our  cell  lines  the  data  can  be  incorporated  into  a  self- 
consistent  map  of  integrated  sequences.   In  this  cell  line  two  copies  of  the 
tk  gene  (one  complete  and  one  partial)  are  linked  and  flanked  by  pBR322 
sequences.   The  junctions  between  tk  and  pBR322  involve  different  regions  of 
tk  and  the  plasmid  and  both  pBR322's  are  in  the  same  orientation. 
Flanking  this  domain  are  cleavage  sites  for  "no  cut"  enzymes,  indicating 
the  presence  of  cellular  DNA  on  at  least  one  side  of  the  domain. 

7.  Attempts  were  made  to  "rescue"  the  pBR322  sequences  linked  to 
cellular  or  tk  sequences  by  digesting  the  cellular  DNA  with  a  restriction 
endonuclease,  ligating  the  fragments  under  conditions  maximizing  circulariza- 
tion  and  using  the  DNA  to  transform  E.  coli  to  ampicillin  resistance.   We 

have  not  isolated  an  "intracellular"  recombinant  derived  from  the  transformants 
discussed  above.   Recently,  we  have  repeated  the  same  experiments  with  a  new 
pBR322  derivative  that  can  in  fact  be  "rescued"  with  a  reasonable  efficiency. 
These  "rescued"  intracellular  recombinant  plasmids  will  allow  us  to  ask 
even  more  detailed  questions  about  the  recombination  process. 

8.  We  have  been  able  to  carry  out  a  family  study  including  4  generations 
and  a  dozen  affected  individuals  with  congenital  contractural  arachnodactyly 
(CCA)  studied  previously  and  diagnosed  as  having  Marfan  syndrome.   CCA  has 
very  many  similar  manifestations  to  those  found  in  the  Marfan  syndrome, 
including  arachnodactyly,  pectus  excavatum  or  carinatum,  increased  incidence 
of  mitral  valve  prolapse,  etc.   They  do  not  seem  to  have  the  ocular  findings 
and  the  incidence  of  serious  cardiovascular  disease  (e.g.  aortic  aneurysms 
and  dissection)  seems  to  be  not  as  high  as  in  the  Marfan  syndrome.   The 
relationship  of  this  syndrome  to  Marfan' s  syndrome  and  similar  connective 
tissue  genetic  disorders  is  still  not  clear. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

In  order  to  understand  normal  human  development,  developmental  anomalies 
and  genetic  disorders,  we  must  first  understand  the  mechanisms  controlling  the 
expression  of  genes  in  mammalian  cells.   Our  ability  to  manipulate  genetic 
information  and  then  introduce  it  and  have  it  expressed  in  mammalian  cells 
is  a  significant  advance  in  our  understanding  of  eukaryotic  gene  expression. 
Furthermore,  the  ability  to  introduce  genes  into  cells  will  enable  us  to 
purify  genes  that  cannot  be  isolated  with  the  present  technology.   Many  of  the 
genes  for  known  human  genetic  disorders  are  of  this  type. 

Proposed  Course: 

1.  To  study  the  mechanisms  responsible  for  somatic  cell  recombination 
in  higher  eukaryotes. 

2.  To  investigate  whether  foreign  DNA  can  be  directed  to  specific  sites 
in  the  mammalian  genome . 

3.  To  devise  a  method  to  study  promoter  function  for  polymerase  II  type 
genes . 
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4.  To  study  whether  DNA  transferred  into  a  mammalian  cell  is  a 
mutagen  and/or  carcinogen. 

5.  To  extend  the  ability  to  transform  cells  to  other  eukaryotic  cells. 

6.  To  use  DXA-mediated  gene  transfer  to  purify  genes  that  code  for 
nonselectable  functions. 

7.  To  continue  clinical  studies  on  the  Marfan-like  syndromes. 

Publications: 

Camerini-Otero,  R.D.  and  Zasloff,  M. :   Nucleosomal  packaging  of  the  thymidine 
kinase  gene  of  Herpes  Simplex  virus  transferred  into  mouse  cells:   An  actively 
expressed  single-copy  gene.   Proc.  Natl.  Acad.  Sci.  USA,  11-    5668-5672,  1980. 
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Project  Description: 

Objectives: 

To  dissect  the  steps  in  lysosomal  enzyme  biosynthesis,  modification  and 
compartmentalization  through  analysis  of  mutants  isolated  from  cultured  cells. 

Methods  Employed: 

Techniques  of  somatic  cell  genetics,  cell  fractionation,  metabolic 
labelling,  electrophoresis,  enzymology  and  carbohydrate  chemistry. 

Major  Findings : 

1.  Mutant  CHO  cells  defective  in  the  proteolytic  processing  of 
exogenously  added  human  precursor  a-L-iduronidase  have  been  isolated.   These 
mutants  were  shown  to  carry  out  normal  processing  of  CHO  i-L-iduronidase  and 
3-hexosaminidase  as  well  as  of  human  3-hexosaminidase . 

2.  A  mutant  CHO  cell  originally  isolated  for  its  altered  binding  and 
uptake  via  the  mannose  6-phosphate  receptor  has  been  shoivm  to  be  defective 
in  the  biosynthesis  of  mannosyl  phosphoryl  dolichol.   Thus,  the  mutant  is 
unable  to  synthesize  "high-mannose"  oligosaccharides  containing  greater  than 
five  mannose  residues.   Presumably  the  receptor  defect  observed  in  this 
mutant  reflects  the  involvement  of  high  mannose  oligosaccharides  either  in 
binding  of  substrate  to  the  receptor  or  in  the  proper  insertion  of  the 
receptor  into  the  membrane. 

3.  We  have  previously  sho\im  that  a  CHO  cell  mutant  which  is  deficient 
in  the  glucosylation  of  the  lipid-linked  oligosaccharide  fails  to  phosphory- 
late  oligosaccharides  on  its  lysosomal  enzymes.   Instead,  acid  hydrolases  from 
this  mutant  contain  oligosaccharides  of  the  complex  type.   We  now  have  shown 
that  prior  to  modification,  newly  synthesized  acid  hydrolases  from  the  mutant 
contain  oligosaccharides  of  the  high-mannose  type. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Absence  of  one  or  more  acid  hydrolases  from  the  lysosomes  results  in 
lysosomal  storage  disease.   The  mechanism(s)  of  compartmentalization  of  acid 
hydrolases,  whether  endogenously  synthesized  or  exogenously  added,  is  unknown. 
Isolation  and  characterization  of  mutants  altered  in  hydrolase  compartmen- 
talization will  contribute  to  the  understanding  of  this  process. 

Proposed  Course: 

1.   The  structure  of  the  phosphorylated  oligosaccharide  on  acid 
hydrolases  isolated  from  the  mutant  deficient  in  biosynthesis  of  mannosyl 
phosphoryl  dolichol  will  be  examined.   This  structure  is  of  interest  because 
while  the  mutant  cannot  synthesize  the  type  of  oligosaccharide  that  is 
phosphorylated  by  wild  type  cells,  acid  hydrolases  from  this  mutant  bind  with 
high  affinity  to  the  mannose  6-phosphate  receptor. 
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2.  We  will  compare  the  structures  of  the  high-mannose  oligosaccharides 
that  serve  in  wild  type  cells  as  precursors  of  phosphorylated  oligosaccharides 
and  in  the  glucosylation  -  deficient  mutant  as  precursors  of  complex 
oligosaccharides . 

3.  Mutants  have  been  and  are  being  isolated  by  selection  of  cells 
resistant  to  the  toxicity  of  one  lysosomotropic  protein,  followed  by 
screening  of  the  resistant  cells  for  those  unable  to  accumulate  a  second, 
unrelated  lysosomotropic  protein.   In  this  way  we  hope  to  eliminate  receptor- 
defective  mutants,  which  until  now  have  made  up  the  majority  of  uptake- 
deficient  mutants  isolated  by  ourselves  and  others.   The  mutants  isolated  by 
this  combined  procedure  will  be  analyzed. 

Publications: 

Robbins,  A.R.,  Myerowitz,  R.,  Youle,  R.J.,  Murray,  G.J.,  and  Neville,  D.M., 
Jr.:   The  mannose  6-phosphate  receptor  of  Chinese  hamster  ovary  cells. 
Isolation  of  mutants  with  altered  receptors.   J.  Biol.  Chem. ,  in  press. 

Robbins,  A.R.  and  Myerowitz,  R. :  The  mannose  6-phosphate  receptor  of  Chinese 
hamster  ovary  cells.  Compartmentalization  of  acid  hydrolases  in  mutants  with 
altered  receptors.   J.  Biol.  Chem.,  in  press. 
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Annual  Report  of  the  Digestive  Diseases  Branch 
SUMMARY  OF  BRANCH  ACTIVITIES 

The  Digestive  Diseases  Branch  has  two  sections  (Section  on  Gastropnterology 
and  the  Liver  Diseases  Section) .   The  Liver  Diseases  Section  has  2  senior 
physicians  and  3  clinical  associates;  the  Section  on  Gastroenterology  has  3  senior 
physicians  and  5  clinical  associates.   The  Digestive  Diseases  Branch  also  has 
5-10  guest  Investigators  from  other  laboratories. 

Detailed  suimnarles  of  the  activities  of  each  section  precedes  the  Individual 
project  reports.   Both  sections  are  engaged  in  investigations  of  basic  biologic 
processes  (e.g.,  hormone  action,  membrane  transport,  cellular  and  humoral  immuno- 
logy) and  are  attempting  to  apply  this  information  to  understand  the  pathophysiology 
of  various  disorders  Involving  the  liver  and  gastrointestinal  tract.   Both  sections 
are  also  involved  in  attempts  to  Improve  therapy  of  clinical  disorders  such  as 
neoplasms  associated  with  overproduction  of  gastrointestinal  hormones,  hepatitis 
and  fulmlnent  hepatic  failure. 

Section  on  Gastroenterology 

During  this  past  year  we  have  reorganized  our  clinical  service  to  accomodate 
the  increasing  number  of  consultations  requested  by  other  physicians  in  the  Clinical 
Center  and  the  increase  in  the  number  of  patients  referred  to  our  section  for 
clinical  investigations.   Although  this  reorganization  has  resulted  in  improved 
patient  care  and  more  comprehensive  clinical  investigations,  it  has  somewhat 
diminished  our  research  productivity.   Having  completed  the  reorganization,  we 
anticipate  that  our  productivity  will  increase  during  the  coming  year. 

We  are  in  the  process  of  following  more  than  30  patients  with  Zollinger- 
Ellison  syndrome  (gastrin-produclng  pancreatic  neoplasm,  hypergastrinemia  and 
increased  secretion  of  gastric  acid) .   All  of  these  patients  are  being  managed 
using  oral  medications  (clmetldine  alone  or  plus  an  anticholinergic  agent) . 
During  the  past  year  we  have  reviewed  all  of  our  cases  and  have  shown  the 
following:  1)  If  secretion  of  gastric  acid  is  reduced  to  below  10  mEq/hr, 
ulcers  will  heal  and  remain  inactive;  2)  With  time,  virtually  all  patients 
require  an  increase  in  the  frequency  or  amount  of  medication  and  3)  Medical 
therapy  does  not  alter  the  clinical  course  of  the  underlying  neoplastic  disease. 

In  the  course  of  studying  the  biochemical  basis  of  action  of  various 
pancreatic  secretagogues ,  we  found  that  tumor-promoting  agents  derived  from  croton 
oil  (phorbol  esters)  are  the  most  efficacious  pancreatic  secretagogues  yet 
described.   These  phorbol  esters  also  appear  to  have  a  unique  mechanism  of  action 
in  that  they  do  not  activate  adenylate  cyclase  and  do  not  cause  mobilization  of 
cellular  calcium.   During  the  coming  year  we  plan  to  attempt  to  elucidate  the 
mechanism  by  which  phobol  esters  alter  pancreatic  acinar  cell  function. 

Previously  we  have  found  that  derivatives  of  various  cyclic  nucleotides  are 
specific,  fully  competitive  antagonists  of  the  interaction  of  cholecystokinin 
(CCK)  and  structurally  related  peptides  with  their  cell  surface  receptors.   During 
this  past  year  we  have  discovered  a  second  class  of  CCK  receptor  antagonists, 
which  are  chemically  unrelated  to  the  cyclic  nucleotides.   Proglumide,  a 
derivative  of  glutaramic  acid,  and  benzotript,  a  derivative  of  tryptophan,  can 
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each  antagonize  the  action  of  CCK  in  a  fully  competitive  fashion  by  blocking  the    t 
interaction  of  the  peptide  with  its  cell  surface  receptors.   Proglumide  and         ' 
benzotript  may  have  therapeutic  potential  in  man  because  they  are  relatively 
inexpensive  and  are  absorbed  intact  after  oral  administration. 

125 
Studies  of  the  binding  of    I-cholecystokinin  to  its  cell  surface  receptors 

on  various  target  tissues  indicate  that  the  receptor  for  CCK  has  two  functionally 

distinct  binding  sites  and  that  the  nature  of  the  alteration  in  target  cell  function 

depends  on  whether  one  or  both  of  the  binding  sites  are  occupied.   During  the  coming 

year  we  plan  to  develop  analogues  of  CCK  that  will  interact  selectively  with  one 

of  the  two  receptor  binding  sites. 

We  have  developed  a  preparation  of  dispersed  smooth  muscle  cells  prepared  from 
mammalian  gastric  antrum.   These  cells  respond  to  a  variety  of  gastrointestinal 
hormones  and  neurotransmitters  and  provide  a  prepartion  that  can  be  used  to  examine 
the  biochemical  basis  of  action  of  various  agonists  on  smooth  muscle  function  in 
vitro. 

ATP  is  thought  to  be  the  chemical  mediator  of  the  so-called  "purinergic 
nervous  system".   The  receptors  for  ATP  are  characterized  by  their  abilities  to 
interact  with  ATP,  ADP  and  AMP  but  not  with  adenosine.   The  biochemical  basis  of 
action  of  adenine  nucleotides  on  their  target  tissues  is  not  known.   During  this 
past  year  we  have  found  that  ATP,  ADP  and  AMP  are  among  the  most  effective  intes- 
tinal secretagogues  described  and  that  these  nucleotides  interact  with  specific 
receptors  on  dispersed  intestinal  epithelial  cells  to  activate  adenylate  cyclase 
and  increase  cellular  cyclic  AMP.   Thus,  ATP,  ADP  and  AMP  can  interact  with 
purinergic  receptors  to  catalyze  the  conversion  of  intracellular  ATP  to  cyclic  AMP  I 
which,  in  turn,  modifies  the  function  of  the  target  cell. 
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Liver  Diseases  Section 

The  Liver  Diseases  Section  is  currently  conducting  nine  principal  studies: 

I.    Studies  of  the  Pathogenesis  of  Encephalopathy  in  Fulminant  Hepatic 
Failure 

A  highly  reproducible  model  of  fulminant  hepatic  failure  (FHF)  has  been 
developed  in  an  inbred  strain  of  rabbits.   The  model  resembles  human  FHF  in 
all  important  respects. 

The  pattern  and  amplitude  of  visual  evoked  potentials  in  the  central 
nervous  system  have  been  monitored  in  rabbits  via  chronically  implanted 
epidural  electrodes.   These  potentials  reflect  post-synaptic  neuronal  activity. 
Repeated  visual  stimulation  with  real  time  computer-assisted  summation 
increased  the  reproducibility  of  visual  evoked  potentials  by  removing  back- 
ground electroencephalographic  activity.   The  recording  of  visual  evoked 
potentials  has  been  shown  to  be  a  reliable,  quick,  non-invasive  method  of 
quantifying  neurologic  changes  in  hepatic  encephalopathy  (HE) .   Furthermore,  the 
pattern  of  visual  evoked  potentials  associated  with  HE  was  found  to  be  similar 
to  that  associated  with  coma  induced  by  certain  hypnotic  agents,  e.g.,  barbi- 
turates and  benzodiazepines,  but  not  others,  e.g.,  ether.   As  barbiturates  and 
benzodiazepines  are  known  to  mediate  their  neuroinhibitory  effects  by  inter- 
acting with  post-synaptic  receptors  for  y^minobutyric  acid  (GABA)  in  the 
central  nervous  system,  it  seems  possible  that  putative  toxins  which  might 
contribute  to  HE  might  do  so  by  interacting  with  the  GABA  inhibitory  neuro- 
transmitter system. 

To  investigate  GABA  metabolism  and  the  status  of  the  GABA  neurotransmitter 
system  in  HE,  a  highly  sensitive  and  reproducible  competitive  radioreceptor 
assay  for  GABA  has  been  set  up  and  characterized.   Studies  in  rabbits  involving 
the  application  of  this  assay  have  shown:   (1)  A  major  source  of  GABA  in 
peripheral  blood  is  the  enteric  bacterial  flora;  (11)  plasma  levels  of  GABA 
are  increased  by  more  than  an  order  of  magnitude  in  FHF  but  not  in  another  type 
of  metabolic  encephalopathy;  (ill)  as  the  liver  fails  plasma  levels  of  GABA 
become  elevated  before  the  onset  of  HE;  and  (iv)  the  density  of  receptors  for 
GABA  on  postsynaptic  neural  membranes  of  the  brain  is  increased  in  FHF.   To 
determine  whether  GABA  in  plasma  can  gain  access  to  the  brain,  the  transport  of 
the  non-metabolizable  isomer  of  GABA,  a-aminoisobutyric  acid  (AIB) ,  across  the 
blood  brain  barrier  was  measured  by  a  computer-assisted  quantitative  auto- 
radiographic technique.   Blood  to  brain  transport  of    C-AIB  is  minimal  in 
normal  rabbits  but  with  liver  failure  it  increases  markedly  in  specific  gray 
areas  of  the  brain  prior  to  the  onset  of  HE.   These  findings  suggest  that  as 
the  liver  fails  plasma  GABA  derived  from  the  gut  crosses  an  abnormally  porous 
blood-brain  barrier  before  the  onset  of  HE  and  that  such  GABA  induces  its  own 
receptors  in  the  brain.   As  GABA  is  the  principle  inhibitory  neurotransmitter 
of  the  mammalian  brain  this  hypothesis  could  account  for  the  generalized  neural 
inhibition  of  HE. 

To  determine  whether  changes  in  end-organ  responsiveness  could  contribute 
to  the  increased  sensitivity  to  hypnotic  drugs,  such  as  benzodiazepines, 
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3 
which  occurs  in  HE,  the  specific  binding  of   H-f lunitrazepam  to  post-synaptic 

neural  membranes  of  the  rabbit  was  studied.   The  number  of  binding  sites  was 
increased  in  FHF,  suggesting  that  the  benzodiazepine  binding  site  and  the 
GABA  receptor  are  regulated  as  a  single  operational  unit  and  that  the  increased 
sensitivity  to  benzodiazepines  in  HE  is  due  to  the  presence  of  more  benzodiaze- 
pine receptors  permitting  increased  drug  effect. 

The  mechanism  by  which  plasma  GABA  concentrations  become  elevated  in  FHF 
has  been  studied  in  rabbits.   The  activity  of  the  enzyme  which  catabolizes 
GABA  in  the  liver,  GABA-transaminase,  does  not  decrease  in  FHF.   However, 
clearance  of   H-GABA  from  plasma  in  FHF  is  markedly  decreased,  suggesting  that 
the  mechanism  of  the  elevated  plasma  levels  is  inefficient  hepatic  extraction. 

Studies  of  the  binding  of  GABA  to  post-synaptic  membranes  prepared  from 
brains  obtained  at  human  autopsies  and  measurements  of  plasma  GABA  levels  in 
patients  with  a  variety  of  liver  and  other  diseases  are  being  conducted  to 
determine  whether  the  findings  obtained  with  the  rabbit  model  of  FHF  apply  to 
man.   Preliminary  results  indicate  that  the  number  of  GABA  receptors  is 
increased  in  the  brains  of  patients  dying  of  FHF  or  chronic  hepatocellular 
failure  but  not  in  patients  dying  from  a  variety  of  other  causes.   Furthermore, 
plasma  GABA  levels  were  found  to  be  elevated  fourfold  in  patients  with 
decompensated  cirrhosis  without  overt  HE  but  were  elevated  more  than  tenfold 
in  patients  with  cirrhosis  and  HE  or  FHF.   [E.  A.  Jones,  D.  F.  Schafer,  P. 
Ferenci,  J.  G.  Waggoner,  M.  Horowitz  (NCI),  P.  Munson  (NICHHD) ] . 

II.   Studies  of  Cellular  Immune  Function  in  Primary  Biliary  Cirrhosis 

The  role  of  abnormal  immune  mechanisms  in  the  pathogenesis  and  perpetuation 
of  the  hepatobiliary  lesion  of  primary  biliary  cirrhosis  (PBC)  is  being  studied. 
Recent  studies  have  been  designed  to  determine  whether  there  is  a  defect  in 
immune  regulation  in  patients  with  PBC.   T  lymphocyte-mediated  help  and 
suppression  of  pokeweed  mitogen- induced  immunoglobulin  (Ig)  synthesis  by 
cultured  B  lymphocytes  have  been  quantitated  in  vitro  using  sensitive  radio- 
immunoassays to  measure  IgG  and  IgM.   Ig  synthesis  by  cultures  containing 
different  T:B  cell  ratios,  cultures  containing  B  cells  in  the  presence  of 
autologous  or  allogeneic  T  cells,  and  cultures  containing  B  cells  and 
unirradiated  or  irradiated  T  cells  was  determined.   The  results  suggest  that 
there  is  deficient  suppression  of  Ig  synthesis  in  PBC  due  to  a  T  cell  defect. 
Patient  control  experiments  indicated  that  the  suppressor  T  cell  defect  in  PBC 
is  not  secondary  to  chronic  cholestasis  or  hepatocellular  disease  per  se  and 
that  the  defect  exhibits  specificity  for  PBC  among  liver  diseases. 

It  has  been  shown  that  T  cells  can  be  induced  to  p'-Tlif erate  when  cultured 
with  either  autologous  or  allogeneic  irradiated  B  cells.   These  phenomena  are 
known  as  the  autologous  and  allogeneic  mixed  lymphoyte  reactions  (MLR)  , 
respectively.   The  recent  finding  by  others  that  patients  with  systemic  lupus 
erythematosus  (SLE)  exhibit  deficiencies  of  both  suppressor  T  cell  function 
and  the  autologous  MLR  prompted  studies  of  the  MLR  in  PBC.   For  patients  with 
PBC,  the  mean  autologous  MLR  was  found  to  be  significantly  less  than  that  for 
controls.   Thus,  as  in  SLE,  deficiencies  of  both  suppressor  T  cell  function  and 
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the  autologous  MLR  are  found  in  PBC.   These  deficiencies  could  be  due  to  a 
common  defect  of  cell  interactions  involved  in  the  generation  of  suppressor 
effector  cells.   Such  a  defect  could  play  an  important  role  in  the  pathogenesis 
of  autoimmune  diseases  such  as  PBC. 

In  additional  studies  the  proliferative  responses  of  peripheral  blood 
mononuclear  cells  (PBMC)  and  T  cells  when  cultured  with  hap ten-modified 
stimulator  cells  were  measured.   The  stimulator  cells  were  PBMC  or  B  cell- 
enriched  PBMC  that  had  been  treated  with  trinitrobenzenesulfonic  acid  and 
irradiated.   The  results  indicated  that  the  primary  but  not  the  secondary 
proliferative  response  is  decreased  in  PBC.   They  suggest  that  in  PBC  there  is 
a  decreased  proliferative  response  of  a  subpopulation  of  suppressor  T  cells 
which  may  be  responsible  for  a  decreased  recognition  of  exogenous  antigens  in 
association  with  autologous  cell  surface  antigens.   [E.  A.  Jones,  S.  P.  James 
(NCI),  C.  0.  Elson  (NCI),  and  W.  Strober  (NCI)]. 

III.  Studies  of  Protease  Inhibitor  Phenotypes 

To  study  the  possible  relationship  between  intermediate  deficiency  states 
of  alpha- 1-antitrypsin  (a^AT),  i.e.  non-MM  phenotypes,  and  the  development  of 
pulmonary  disease,  Pi  phenotypes  were  determined  in  52  patients  with  Sjogren's 
syndrome.   The  proportion  of  these  patients  who  had  Pi  phenotypes  other  than 
MM  was  not  significantly  greater  than  that  for  populations  of  normal  subjects. 
Mean  values  for  tests  of  pulmonary  function,  including  estimates  of  both 
restrictive  lung  disease  and  airway  obstruction,  in  patients  with  the  MM 
phenotype  were  not  significantly  different  from  corresponding  means  for  patients 
with  non-MM  phenotypes.   These  findings  suggest  that  non-MM  phenotypes  in 
patients  with  Sjogren's  syndrome  are  not  associated  with  an  increased 
susceptibility  to  develop  chronic  obstructive  pulmonary  disease. 

Pi  phenotypes  of  sera  from  a  large  number  of  black  South  African  patients 
with  hepatocellular  carcinoma  and  from  age  and  sex  matched  healthy  black 
South  Africans  are  being  determined  to  assess  whether  the  incidence  of  any 
particular  Pi  phenotypes  is  increased  in  the  patient  population.   [E.  A.  Jones 
and  J.  Vergalla] . 

IV.  Studies  of  Chronic  Hepatitis  B  Surface  Antigen  (HBsAg)  Carriers 

Patents  with  histologically  confirmed  chronic  HBsAg  positive  hepatitis 
are  being  studied.   A  total  of  78  patients  have  been  evaluated  and  37  followed 
for  at  least  one  year.   Twenty  to  thirty  percent  of  patients  undergo  spontaneous 
resolution  of  their  chronic  hepatitis  disease  activity  each  year  (as  assessed 
by  serial  determinations  of  serum  levels  of  aminotransferases) .   In  each 
instance  the  spontaneous  resolution  of  elevated  serum  aminotransferase  levels 
has  been  accompanied  by  serological  changes  in  hepatitis  B  virus  markers.   Most 
striking  has  been  the  disappearance  of  hepatitis  B  e  antigen  ("e"  or  HBeAg)  and 
seroconversion  to  anti-HBe  concurrent  with  the  fall  to  normal  of  serum  amino- 
transferase levels. 

These  studies  on  the  natural  history  of  chronic  type  B  hepatitis  were 
initiated  as  a  prelude  to  the  start  of  trials  of  anti-viral  agents  for  this 
condition.   Two  such  trials  have  been  undertaken  using  the  antiviral  agent, 
adenine  arabinoside  monophosphate  (Ara-AMP) .   Patients  selected  to  be  treated 
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with  this  agent  have  been  carefully  monitored  and  pre-screened  to  establish 
that  they  are  not  on  the  verge  of  a  spontaneous  remission.   This  is  assured  by 
demonstrating  that  patients  have  high  and  stable  levels  of  hepatitis  B  virus  - 
as  assessed  by  serial  serum  determinations  of  HBsAg  titer,  HBeAg,  DNA- 
polymerase  and  hepatitis  B  virus  DNA.   One  such  trial  has  been  completed.   Six 
patients  with  chronic  type  B  hepatitis  were  treated  with  a  ten  day  course  of 
Ara-AMP.   All  patients  had  an  immediate  response  in  that  the  levels  of 
circulating  hepatitis  B  virus  DNA-polymerase  and  DNA  decreased.   However,  only 
one  patient  (17%)  had  a  long  lasting  response  -  the  viral  markers  became  negative 
and  remained  negative,  seroconversion  from  HBeAg  to  anti-HBe  occurred  and 
the  serum  levels  of  aminotransferases  fell  to  normal  values.   The  remaining 
five  patients  had  only  a  transient  response,  the  serum  DNA  polymerase  and  DNA 
levels  returning  to  pre- treatment  levels  as  soon  as  the  drug  was  stopped.   As 
the  amount  of  Ara-AMP  given  in  this  first  trial  might  have  been  insufficient 
for  an  optimum  response  to  have  occurred,  a  second  study  was  undertaken  to 
evaluate  a  28  day  course  of  therapy.   This  is  a  randomized  controlled  trial. 
Fifteen  patients  have  been  admitted  to  the  study  and  eight  have  received 
Ara-AMP.   So  far,  only  one  of  the  eight  treated  patients  has  had  a  long  lasting 
response  to  therapy.   In  no  patient  in  the  control  group  has  there  been  a 
loss  of  DNA  polymerase  or  seroconversion  from  HBeAg  to  anti-HBe. 

While  effective  antiviral  treatment  of  chronic  type  B  hepatitis  remains 
an  important  goal,  treatment  of  acute,  uncomplicated  type  B  hepatitis  with 
antiviral  agents  is  probably  not  feasible  since  maximal  DNA  polymerase  activity, 
which  is  indicative  of  maximal  viral  replication,  occurs  before  clinical 
symptoms  become  severe  or  serum  aminotransferase  levels  reach  peak  values. 

An  epidemiological  study  of  hepatitis  B  viral  markers  in  an  isolated  Canadian 
Inuit  community  has  indicated  that  hepatitis  B  virus  infection  was  common  in 
the  community  20-30  years  ago  and  that  infection  occurred  predominantly  during 
infancy,  either  as  a  result  of  maternal- infant  transmission  or  post-natal 
exposure.   During  the  past  20  years  transmission  of  type  B  hepatitis  to  children 
in  this  community  has  become  uncommon. 

The  mechanism  by  which  some  individuals  who  become  infected  with  the 
hepatitis  B  virus  fail  to  clear  the  virus  and  develop  chronic  type  B  hepatitis 
is  being  investigated.   Failure  to  detect  anti-HBs  in  chronic  HBsAg  carriers 
may  be  due  to  complexing  of  anti-HBs  by  excess  circulating  HBsAg  or  to  a 
defect  in  the  synthesis  of  anti-HBs.  To  examine  the  latter  of  these  possibilities 
pokeweed  mitogen- induced  synthesis  of  anti-HBs,  anti-HBc,  IgG  and  IgM  by 
peripheral  blood  mononuclear  cells  from  HBsAg  carriers  and  controls  has  been 
measured  ^  vitro  using  sensitive  assays.   The  results  indicate  that  lympho- 
cytes from  HBsAg  carriers  have  an  unimpaired  ability  to  synthesize  both  IgG 
and  IgM  and  are  able  to  synthesize  detectable  amounts  of  anti-HBc.   However, 
they  do  not  synthesize  measurable  amounts  of  anti-HBs  in  vitro  despite 
continuous  antigenic  exposure  to  HBsAg  in  vivo.   The  potential  role  of 
abnormal  regulation  of  the  immune  response  in  the  pathogenesis  of  chronic  type 
B  hepatitis  is  also  being  studied.   T  lymphocyte-mediated  help  and  suppression 
of  pokeweed  mitogen-induced  immunogloblin  (Ig)  synthesis  by  cultured  B  lympho- 
cytes has  been  quantitated  in  vitro  using  enzyme-linked  immunoassays  (ELISA) 
to  measure  IgG  and  IgM.   At  a  T:B  cell  ratio  of  approximately  1:1  maximum 
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Ig  synthesis  by  cultures  of  cells  from  normal  individuals  occurs  (helper 
effect)  and  at  higher  T:B  cell  ratios  progressively  less  Ig  is  synthesized 
(suppressor  effect).   In  contrast  to  cultures  of  cells  from  normal  individuals, 
cultures  of  cells  from  many  patients  with  chronic  type  B  hepatitis  continue 
to  synthesize  progressively  larger  amounts  of  Ig  with  increasing  T:B  cell 
ratios.  Indicating  a  defect  in  suppressor  cell  function  in  these  patients. 
Following  irradiation  of  T  cells  to  selectively  destroy  suppressor  T  cells 
there  appeared  to  be  no  difference  in  Ig  synthesis  by  cultures  of  cells  from 
patients  with  chronic  type  B  hepatitis  and  normal  subjects,  indicating  that 
helper  T  cell  function  was  normal  in  the  patients.   To  investigate  the  nature 
of  the  suppressor  cell  defect  in  chronic  type  B  hepatitis  Ig  synthesis  by 
cultures  containing  complementary  subsets  of  allogeneic  immune  cells  from 
patients  with  chronic  type  B  hepatitis  and  normal  individuals  is  being 
determined.   The  patients  being  studied  are  from  a  group  with  chronic  type  B 
hepatitis  who  will  subsequently  receive  therapy  with  one  or  more  antiviral 
agents  such  as  Ara-AMP.   Restudy  of  those  patients  who  have  responded  success- 
fully to  therapy  will  permit  identification  of  those  defects  of  immune  regula- 
tion which  contribute  to  the  development  of  chronic  type  B  hepatitis  and  dis- 
tinguish those  which  arise  secondary  to  chronic  hepatitis.   [J.  H.  Hoofnagle, 
S.  Straus  (NIAID) ,  G.  M.  Dusheiko,  G.  Y.  Minuk,  W.  G.  E.  Cooksley,  J.  Gerin 
(Georgetown  University),  R.  Johnson  (NIAID),  R.  H.  Purcell  (NIAID),  and  E.  A. 
Jones] . 

V.    Controlled  Trial  of  Chlorambucil  Therapy  in  Primary  Biliary  Cirrhosis 

Primary  biliary  cirrhosis  (PBC)  is  characterized  by  slowly  progressive 
intrahepatic  cholestasis  due  to  a  chronic  non-suppurative  destructive 
cholangitis  involving  the  septal  and  larger  interlobular  bile  ducts.   \"Jhen 
symptomatic  the  disease  appears  to  be  uniformly  fatal.   The  disease  is 
associated  with  multiple  defects  of  immunologic  function  suggestive  of 
autoimmunity  as  well  as  hepatic  copper  overload.   Trials  of  corticosteroids 
and  azathioprine  have  not  shown  that  either  of  these  agents  effectively  inhibit 
the  progression  of  the  disease  or  increase  survival.   Trials  of  penicillamine 
suggest  that  there  may  be  some  improvement  in  the  mortality  if  the  drug  is 
given  to  patients  with  advanced  stages  of  the  disease.   However,  penicillamine 
treatment  in  this  disease  is  associated  with  a  high  incidence  of  serious  side 
effects  and  many  patients  cannot  tolerate  the  drug.  Because  certain  other  chronic 
inflammatory  autoimmune  diseases  appear  to  respond  favorably  to  alkylating 
agents  but  not  to  azathioprine,  a  controlled  randomized  trial  of  an  alkylating 
agent  for  the  treatment  of  PBC  has  been  initiated.   The  alkylating  agent 
chosen  for  the  trial  was  chlorambucil  rather  than  cyclophosphamide  because  of 
the  less  severe  toxicity  associated  with  the  use  of  the  former  drug.   So  far 
16  patients  have  been  admitted  to  the  trial.   Each  patient  undergoes  a 
comprehensive  medical  evaluation  prior  to  randomization  and  again  after  being 
in  the  trial  for  one  and  two  years.   Each  evaluation  includes  determinations 
of  indices  of  cholestasis  and  hepatocellular  function,  serum  levels  of 
lipoproteins,  autoantibodies,  immune  complexes  and  bile  acids,  and  a  needle 
biopsy  of  the  liver.   In  those  receiving  the  drug  marked  lymphocytopenia  is 
induced.   The  dose  is  titrated  so  that  a  polymorphonuclear  leucocyte  count  of 
at  least  1000/mm   is  maintained.   Five  patients  receiving  the  drug  have  had 
follow-up  liver  biopsies  which  show  a  marked  decrease  of  inflammatory  activity. 
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VI.  Studies  of  Chronic  Non-A,  Non-B  Hepatitis 

Patients  with  well-defined  chronic  non-A,  non-B  hepatitis  are  being 
evaluated.   The  natural  history  of  this  condition  is  being  studied  in 
collaboration  with  Dr.  Harvey  J.  Alter  (NIH  Clinical  Center  Blood  Bank). 
Patients  with  HBsAg  negative  post-transfusion  hepatitis  whose  serum  levels 
of  aminotransferases  remain  elevated  for  more  than  six  months  are  being 
admitted  for  a  thorough  assessment.   Studies  include  HLA  typing,  and 
serological  assays  for  non-A,  non-B  antigens  and  antibodies.   Unless 
contraindicated  a  needle  biopsy  of  the  liver  is  obtained  and  is  subjected 
to  light  microscopy  for  staging  of  the  chronic  liver  disease,  immunof luorescent 
staining  for  various  antigens  and  electron  microscopy  for  virus-like  particles. 
Twenty-one  such  patients  have  been  evaluated.   Twenty  have  undergone 
percutaneous  liver  biopsy  and  eight  of  these  have  undergone  an  additional 
follow-up  percutaneous  liver  biopsy.   In  the  course  of  assaying  for  antigens 
and  antibodies  specific  for  non-A,  non-B  hepatitis  a  precipitin  system  has 
been  identified  that  is  associated  with  liver  disease.   This  sytem  is  not 
specific  for  non-A,  non-B  hepatitis  and  is  not  the  result  of  an  antigen- 
antibody  reaction.   [J.  H.  Hoofnagle,  H.  J.  Alter  (CC) ,  H.  Denes  (NIAID) ,  G.  M. 
Dusheiko,  D.  F.  Schafer,  G.  Y.  Minuk,  S.  M.  Feinstone  (NIAID),  and  E.  A.  Jones]. 

VII.  Studies  of  the  Uptake  of  Lipoproteins  by  Hepatic  Cells 

Familial  high  density  lipoprotein  (HDL)  deficiency  or  Tangier  disease  is 
characterized  by  low  levels  of  plasma  HDL  and  apolipoproteins  (apo)  A-I  and 
A-II,  rapid  catabolism  of  apo  A-I  and  A-II  and  cholesterol  laden  reticulo- 
endothelial (RE)  cells.   Furthermore,  in  Tangier  disease  apo  A-I  and  A-II  are 
predominantly  associated  with  lipoprotein  particles  of  density  less  than  1.063 
g/ml  rather  than  HDL.   The  mechanisms  underlying  these  abnormalities 
of  lipoprotein  metabolism  in  Tangier  disease  have  been  investigated.   Rat 
endothelial,  Kupffer  and  parenchymal  cells  were  isolated  by  collagenase 
liver  perfusion,  centrif ugation  on  Percoll  gradients  and  centrifugal 
elutriation.   Apo  A-I  and  A-II  were  isolated  from  normal  subjects  and  from 
patients  who  were  homozygotes  for  Tangier  disease.   After  apoproteins  were 
radioiodinated  they  were  reassociated  with  lipoprotein  particles  of  density  less 
than  1.063  g/ml  from  serum  of  normal  subjects  and  of  patients  with  Tangier 
disease.   Uptake  of  these  labeled  particles  by  hepatic  cells  in  vitro  was 
quantitated.   The  results  obtained  indicate  that  the  increased  RE  cell  uptake 
of  cholesterol  in  Tangier  disease  is  probably  mediated  by  enhanced  uptake  of 
Tangier  apo  A-I  by  RE  cells  and  that  the  rapid  clearance  of  lipoproteins  from 
the  plasma  in  Tangier  disease  can  be  accounted  for  by  parenchymal  cell  uptake 
of  Tangier  apo  A-I.   This  study  provides  evidence  that  a  structurally  abnormal 
apo  A-I  mediates  both  the  rapid  catabolism  of  lipoproteins  and  the  RE  cell 
accumulation  of  cholesterol  in  Tangier  disease.   [E.  A.  Jones,  J.  A. 
Summerfield,  J.  Vergalla,  E.  J.  Schaefer  (NHLBI) ,  and  H.  B.  Brewer  Jr.  (NHLBI) ] . 

VIII.  Studies  of  the  Uptake  of  Glycoproteins  by  Hepatic  Cells 

The  cellular  localization  and  carbohydrate  specificities  of  a  glyco- 
protein recognition  system  on  rat  hepatic  sinusoidal  cells  have  been 
investigated.   Kupffer  cells  and  endothelial  cells  were  isolated  by  collagenase 
liver  perfusion,  centrif ugation  on  Percoll  gradients  and  centrifugal  elutriation. 
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I- labeled  agalactoorosomucoid  (AGOR) ,  an  N-acetylglucosamine-terminated 

glycoprotein  was  selectively  taken  up  by  hepatic  endothelial  cells  but  not 

Kupffer  cells  in  vitro.   Uptake  was  shown  to  be  protein  dependent,  calcium 

ion  dependent  and  saturable  and  could  be  described  by  Michaelis-Menten 

kinetics.   Uptake  was  inhibited  not  only  by  N-acetylglucosamine,  mannose  and 

mannan  but  also  by  glucose,  fructose  and  a  glucose-albumin  conjugate.   Thus, 

there  is  a  glycoprotein  recognition  system  on  endothelial  cells  which  is 

glucose  sensitive.   The  existence  of  such  a  receptor  suggests  a  mechanism 

for  abnormal  glycoprotein  metabolism  in  diabetes  mellitus.   [E.  A.  Jones, 

J.  A.  Summerfield,  J.  Vergalla] . 

IX.   Studies  on  the  Pathogenesis  of  Fibrosis  Following  Hepatocellular  Injury 

Studies  are  being  designed  to  explore  factors  involved  in  the  development 
of  cirrhosis.   It  is  believed  that  substances  are  released  following  hepato- 
cellular injury  which  cause  smooth  muscle  cells  and  fibroblasts  to  migrate  to 
the  liver,  proliferate  and  synthesize  collagen.   Chemotaxis  is  being  assayed  by 
measuring  the  degree  to  which  cultured  smooth  muscle  cells  migrate  across  a 
pore-containing  membrane  in  response  to  the  presence  of  chemotactic  factors 
in  the  culture  chamber  (Boyden  chamber) .   The  production  of  chemotactic  factors 
by  the  liver  of  rats  with  carbon  tetrachloride- induced  hepatic  fibrosis  is  being 
compared  with  that  by  the  liver  of  normal  rats.   Isolated  hepatic  cell 
populations  are  being  prepared  by  collagenase  liver  perfusion,  centrifugation 
on  Percoll  gradients  and  centrifugal  elutriation.   The  presence  of  chemotactic 
factors  is  being  sought  in  extracts  of  liver  homogenates  and  supernatants  of 
incubations  of  liver  slices  and  short-term  cultures  of  hepatic  cells.   Chemo- 
tactic factors  will  also  be  sought  in  cultures  of  mitogen-stimulated  peripheral 
blood  lymphocytes  from  patients  with  chronic  hepatitis  to  test  the  hypothesis 
that  in  certain  forms  of  chronic  hepatitis  in  man,  fibrosis  could  occur  as  a 
consequence  of  the  sensitization  of  lymphocytes  rather  than  hepatocellular 
injury  per  se.   [E.  A.  Jones,  W.  G.  E.  Cooksley,  C.  Mclvor,  G.  R.  Martin 
(D:LDBA)]. 
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ANNUAL  REPORT  SUMMARY 

Digestive  Diseases  Branch 
Phoenix  Clinical  Research  Section 

This  Section  conducts  clinical  and  laboratory  investigations  relating  to  diabetes, 
obesity  and  lipoprotein  metabolism  primarily  in  Southwest  American  Indians. 
Many  of  the  studies  are  done  in  close  collaboration  with  the  Southwesterr,  Field 
Studies  Section  of  the  Epidemiology  and  Field  Studies  Branch. 

We  have  previously  shown  that  weight  reduction  improves  insulin  sensitivity 
and  insulin  secretory  response  to  oral  glucose  in  obese  normal  and  diabetic 
subjects.  Further  studies  designed  to  help  elucidate  the  relationship  of 
Type  II  diabetes  to  obesity  have  employed  insulin  therapy  and  exercise  training. 
Short  term  (10  days)  insulin  therapy  was  shown  to  have  no  effect  on  sensitivity 
to  insulin  as  measured  by  the  glucose  clamp  technique,  however,  there  was 
an  improvement  in  the  blunted  insulin  response  to  oral  glucose.  Six  to  twelve 
weeks  of  aerobic  bicycle  exercise  resulted  in  improvement  in  maximal  oxygen 
uptake  capacity  in  obese  normal,  glucose  intolerant  and  diabetic  subjects. 
Exercise  training  resulted  in  improvement  in  insulin  sensitivity  in  normal, 
glucose  intolerant  and  mildly  diabetic  subjects,  but  no  improvement  was  seen 
in  moderately  diabetic  subjects.  On  the  other  hand,  oral  glucose  tolerance 
improved  in  all  diabetic  subjects  and  could  be  attributed  in  part  to  an  improve- 
ment in  the  early  insulin  response  with  exercise  training  in  the  diabetics. 

An  additional  study  was  designed  to  determine  if  good  control  of  plasma  glucose 
levels  in  obese  Type  II  diabetic  subjects  could  result  in  a  reduction  of  urinary 
protein  excretion.  Twenty-four  hour  urine  samples  were  collected  before  and 
after  hypocaloric  diet  therapy  for  a  2-4  month  period  in  seven  nondiabetic, 
seven  glucose  intolerant  and  twenty-seven  diabetic  subjects.  After  diet 
therapy,  fasting  and  two  hour  plasma  glucose  levels  after  oral  glucose  load 
remained  normal  in  nondiabetics  and  improved  significantly  in  both  the  glucose 
intolerant  and  diabetics  subjects.  The  concentration  of  plasma  proteins  and 
albumin  present  in  the  urine  were  measured  by  an  immunonephel ometric  technique 
using  specific  antisera  against  human  total  plasma  protein  and  albumin.  No 
changes  were  found  in  either  total  protein  or  albumin  in  the  nondiabetics. 
Protein  concentrations  decreased  in  both  the  intolerant  and  the  diabetic 
subjects.   In  two  cases  diminished  proteinuria  has  persisted  from  eight  to 
ten  months.  The  findings  suggest  that  control  of  hyperglycemia  is  associated 
with  reduction  of  proteinuria  in  Type  II  diabetics. 

Some  diabetics  taking  chlorpropamide  have  an  intense  facial  flush  after  alcohol. 
This  chlorpropamide  induced  alcohol  flushing  (CPAF)  is  reported  to  be  a  domi- 
nantly  inherited  trait  associated  with  non-insulin  dependent  diabetes.  CPAF 
has  also  been  reported  to  be  present  before  the  onset  of  glucose  intolerance 
and  therefore  recommended  as  a  genetic  marker  for  some  cases  of  non-insulin 
dependent  diabetes.  The  Pima  Indians,  a  population  with  the  highest  reported 
prevalence  of  diabetes  in  the  world  have  the  non-insulin  dependent  type  of 
diabetes.  We  therefore  used  the  chl orpropamide-alcohol  flushing  test  to  study 


942 


this  population,  to  determine  the  relationship  between  CPAF  and  non-insulin 
dependent  (Type  II)  diabetes.  Studies  in  the  Pimas  have  failed  to  show  any 
relationship  between  CPAF  and  the  presence  of  diabetes.  Other  groups  have  also 
not  observed  this  association  and  therefore  have  failed  to  confirm  the  original 
observations  of  Leslie  and  Pyke. 

Several  groups  have  demonstrated  that  exogenous  insulin  inhibits  endogenous 
insulin  secretion  in  normal  subjects.   If  the  negative  feedback  constitutes 
an  important  physiological  control  over  insulin  secretion  then  the  hyper- 
insulinemia  of  the  obese  would  conceivably  involve  a  defect  of  this  regulatory 
system.  A  similar  defect  in  regulation  of  insulin  secretion  could  also  partly 
explain  the  hyperinsulinemia  observed  in  Pimas  as  compared  to  Caucasians.  A 
study  was  therefore  designed  to  examine  the  B  cell  (and  a  and  PP  cell)  response 
to  hyperinsulinemia  at  physiological  levels  of  insulin  (100  /ml  above  basal)  in 
groups  of  obese  and  nonobese  Pima  Indians  and  Caucasians  using  the  euglycemic 
clamp  technique.  Our  studies  demonstrate  that  C-peptide  levels  fall  in  response 
to  hyperinsulinemia  and  that  the  effect  is  seen  in  obese  as  well  as  in  lean 
subjects.  The  magnitude  of  the  C-peptide  drop  was  larger  in  the  obese  than  in 
the  lean,  but  the  percentage  fall  was  similar.  During  hyperinsulinemia,  the 
suppressed  C-peptide  levels  in  the  obese  were  still  much  higher  than  either 
the  insulin-suppressed  levels  in  the  obese  or  the  basal  levels  in  the  lean. 
Plasma  glucagon  levels  were  comparably  suppressed  by  insulin  in  lean  and  obese 
subjects.  The  rates  of  recovery  from  insulin  suppression  differed  in  the  two 
types  of  islet  cells.  The  s  cell  recovered  more  rapidly  than  the  alpha  cells. 
This  study  presents  evidence  to  suggest  that  insulin  in  physiological  amounts 
can  inhibit  both  the  a  and  g  cell  and  that  in  the  obese,  complete  resistance  of 
the  3  bell  to  insulin  can  be  excluded.  It  is  therefore  possible  that  the 
hypersecretion  of  insulin  in  obese  subjects  could  be  due  to  (1)  increased  g  cell 
mass  with  normal  suppressibil ity  by  insulin  or  (2)  that  there  is  subpopul ation 
of  3  cells  in  the  islets  of  obese  subjects  which  is  hypersecretory  and  resistant 
to  regulation  by  insulin. 

Elevated  insulin  levels  in  Pima  Indian  adults  compared  to  weight  matched 
Caucasian  controls  suggest  that  cellular  changes  external  to  the  pancreas 
may  be  important  in  the  pathogenesis  of  diabetes  mellitus.  The  aim  of  the  cell 
culture  project  is  to  study  several  aspects  of  insulin  function  in  cells  obtained 
from  normal  and  diabetic  Pima  Indians,  in  order  to  determine  if  diabetes  mellitus 
is  expressed  in  genetic  differences  at  the  cellular  level.  Fibroblast  cultures 
have  been  established  from  normal  and  diabetic  Pima  Indians.  Parameters  of 
cell  growth  are  being  compared  in  the  normal  and  diabetic  cells,  and  insulin 
binding  is  being  studied.   In  addition,  cellular  metabolism  and  transport 
functions  are  being  studied  in  the  presence  and  absence  of  insulin,  in  order 
to  further  investigate  cell  insulin  action,  to  determine  if  cellular  abnormal- 
ities in  insulin  response  occur  in  individuals  with  diabetes  and  to  investigate 
factors  which  may  induce  cell  insulin  resistance. 
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Regulation  of  insulin  receptors  is  being  studied  in  vivo  using  circulating 
mononuclear  cells  and  in  vitro  using  cultured  diploid  fibroblasts.  Down 
regulation  in  the  fibroblast  has  been  used  to  detect  inhibitors  of  insulin 
action  in  plasma  from  insulin  resistant  subjects.  Investigations  of  monocytes 
and  fibroblasts  suggest  that  cells  from  obese  subjects  have  more  receptors, 
reduced  insulin  affinity,  increased  insulin  degradation  and  decreased  down 
regulation.  Insulin  binding  to  monocytes  from  obese  glucose  tolerant  and 
intolerant  subjects  was  the  same,  indicating  that  a  source  of  insulin  resistance 
distinct  from  the  receptor  is  present  in  obese  Pima  subjects.  Insulin  receptors 
have  been  solubilized  and  partially  purified  from  cultured  human  diploid  fibro- 
blasts and  from  human  erythrocytes.  Characterization  of  insulin  binding  to 
solubilized  insulin  receptor  preparations  resulted  in  binding  affinity,  pH 
optimum  and  analog  specificity  data  similar  to  those  for  the  intact  cells.  The 
binding  of  Multiplication  Stimulating  Activity  (MSA)  as  well  as  insulin  were 
measured  in  suspended  human  fibroblasts  and  in  solubilized  receptor  preparations. 
Sephadex  G-200  chromatography  did  not  separate  the  two  receptors,  although 
characterization  of  the  specificity  of  binding  clearly  predicts  two  separate 
binding  sites. 

It  has  been  proposed  that  the  high  incidence  of  obesity  in  the  Pima  Indians 
may  be  due  to  genetic  selection  for  a  "thrifty  gene",  a  gene  that  would  allow 
the  Pimas  to  store  energy  very  efficiently;  these  efficient  individuals  would 
presumably  be  more  capable  of  surviving  famine  than  lean  less-efficient 
individuals.   In  order  to  help  determine  whether  or  not  such  a  genetic 
difference  exists,  thermogenic  responses  to  various  stimuli,  including  food, 
norepinephrine,  and  exercise,  are   being  investigated  in  obese  Pima  volunteers. 
These  thermogenic  responses  are  being  measured  during  periods  of  weight  main- 
tenance, of  over-nutrition,  and  of  under-nutrition.  Thyroid  hormone  metabolism 
and  resting  metabolic  rate  are  also  being  studied,  since  previous  studies  with 
Caucasian  volunteers  have  shown  that  these  parameters  are   affected  by  dietary 
manipulation.  The  results  from  this  research  are  being  compared  to  those 
obtained  from  lean  and  obese  Caucasians  involved  in  studies  in  Vermont. 

Obesity  in  the  Pima  Indian  is  associated  with  a  massive  increase  in  adipose 
tissue  mass  (25-50%  of  total  weight).  The  increased  fat  mass  is  due  to  both 
an  increase  in  adipose  cell  size  and  cell  number.  Adipose  lipoprotein  lipase 
activity  increases  with  obesity  and  is  correlated  with  adipose  cell  size. 
Methods  of  studying  various  parameters  of  carbohydrate  and  lipid  metabolism 
have  been  estabilshed  using  isolated  human  adipocytes  and  membrane  vesicles 
and  will  be  used  to  study  human  obesity. 

The  level  of  Na-pump  activity  has  been  implicated  in  mechanisms  which  could 
contribute  to  human  obesity.   (Na"*",K"'')  ATPase  activity  is  reduced  in 
intact  red  cells  and  isolated  erythrocyte  membranes  from  obese  Pima  Indian 
subjects.  Fibroblasts,  white  cells  and  adipocytes  are  being  examined  to 
determine  if  there  is  a  widespread  tissue  loss  of  sodium  pump  activity.  These 
cells  are  also  being  tested  for  a  response  of  the  Na-pump  to  hormones  which 
stimulate  thermogenesis.  Studies  of  the  sodium  pump  activity  in  red  cells  from 
thin  and  obese  families  and  in  diploid  fibroblasts  will  be  used  to  determine 
possible  genetic  differences  in  the  sodium  pump  which  relate  to  obesity. 
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The  development  of  obesity  in  the  Pima  Indians  may  in  part  be  determined  by 
the  rates  of  gastric  emptying.  Furthermore,  peptic  ulcer  disease  is  known 
to  be  low  in  this  population,  but  increasing.  Studies  of  gastric  emptying 
and  gastric  acid  secretion  are   in  progress  and  to  date  suggest  that  rates 
of  liquid  gastric  emptying  are  not  altered  in  obesity.  Diabetes,  however, 
appears  to  be  associated  with  decreased  acid  secretion  and  hypergastrinemia 
and  decreased  gastric  emptying  rate.  Nondiabetic  Pimas  have  been  found  to 
have  low  gastric  acid  secretion  rates  and  elevated  gastric  levels.  The  low 
acid  production  in  the  Pima  Indians  may  explain  their  low  incidence  of 
gastroduodenal  ulceration. 

Studies  of  lipoprotein  patterns  in  Indian  and  Caucasian  diabetics  and  nondiabetics 
continue  to  be  a  major  focus  of  investigation.  Pima  Indians  have  a  high  preva- 
lence of  obesity,  diabetes  mellitus  and  hyperinsul i nemia,  but  they  have  low 
plasma  cholesterol  levels,  reduced  LDL  synthesis,  and  decreased  incidence  of 
cardiovascular  diseases.  VLDL  metabolism  in  Pima  Indians  is  being  investigated 
in  order  to  further  understand  lipoprotein  metabolism  in  this  population. 
Synthesis  and  catabolic  rates  for  VLDL  are  being  compared  in  groups  having 
different  insulin  levels  using  tritiated  glycerol  as  a  precursor.  VLDL  metabolism 
is  being  studied  in  a  group  of  diabetics  to  determine  the  influence  of  hyper- 
glycemia on  VLDL  metabolism  in  this  population.  Conversion  of  VLDL  to  LDL  is 
being  investigated  in  nondiabetics  and  diabetics  using  125j  \/i_[)l  gp^  ISl^ 
LDL  simultaneous.  Postheparin,  muscle  and  adipose  tissue  lipoprotein  lipase 
levels  are  being  measured.  The  results  of  this  study  should  yield  data  on  VLDL 
metabolism  and  its  conversion  to  LDL  in  this  population  and  explore  the  relation 
between  these  lipoproteins,  diabetes  and  cardiovascular  disease. 

Both  low  density  lipoproteins  and  very  low  density  lipoproteins  have  been 
implicated  as  positive  risk  factors  in  the  genesis  of  atherosclerosis,  whereas 
high  density  lipoprotein  concentration  is  an  independent  negative  risk  factor. 
Both  diabetes  and  obesity  are  associated  with  changes  in  plasma  lipoproteins  and 
these  changes  may  be  related  to  the  increased  prevalence  of  cardiovascular 
disease.  Lipoprotein  composition  is  being  examined  in  obese  and  diabetic  Pima 
Indians.  Cholesterol  and  triglycerides  are  being  measured  in  high  density 
lipoprotein  as  well  as  other  lipoprotein  subclasses  isolated  by  ultracentrifu- 
gation.  These  parameters  are  being  compared  in  groups  of  normal  and  diabetic 
Indians  with  and  without  coronary  artery  disease,  and  the  influence  of  therapy 
is  being  assessed.  Apoprotein  composition  of  specific  lipoproteins  will  be 
measured.  In  addition,  free  fatty  acid  levels  are  being  studied  because  of 
their  precursor  relationship  to  lipoproteins  and  their  reflection  of  insulin 
action.  From  this  study  we  will  attempt  to  determine  if  diabetes  and  obesity 
are  associated  with  changes  in  serum  lipoproteins  and  to  delineate  the  relati 

A  study  was  undertaken  to  determine  whether  the  Bio-Rad  HbA][  test  could  be 
used  to  replace  the  method  previously  used  to  determine  glycosylated 
hemoglobin  concentration  (modifications  of  Gabbay  and  of  Trivelli).  Blood 
samples  were  taken  from  22  normal  male,  24  normal  female,  11  diabetic  male, 
and  22  diabetic  female  Pima  Indians  who  were  participating  in  epidemiological 
studies  of  diabetes  on  the  Gila  River  Indian  Reservation  in  Arizona.  Both 
methods  showed  increased  HbA^  concentrations  in  the  diabetic  groups  when 
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methods   showed   increased  HbA]^  concentrations   in  the  diabetic   groups  when 
compared  to  the  normals,   but  the  kit  values  were  lower,    in  general,   than  the 
values  obtained  with  the  previously  used  method.     One  set  of  control    samples 
used   revealed  a   need  to  run   all    assays  at  a  constant  temperature  and  to 
establish   a  series  of   frozen  controls   prior  to  beginning   long-term  epidemiol- 
ogical   studies.      It   appears  that  with   rigid  control    of  pH  and  temperature 
the  Bio-Rad  HbA^  test  can  effectively  replace  the  more  laborious  method  of 
measurement   of  glycosylated  hemoglobin  concentrations. 
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SUMMARY    OF    WORK    (200    words    or    less    -    underline    keywords) 

The  broad  categories  which  are  included  in  the  project  are: 
1)  Characterizing  functionally  the  mechanism  by  which  various  substrates  cross 
the  plasma  membrane  of  different  mammalian  cells;  2)  identifying  the  metabolic 
and  humoral  factors  which  influence  the  transport  of  various  substrates  across 
the  plasma  membrane;  3)  developing  techniques  which  will  distinguish  between 
binding  of  a  substrate  to  the  membrane  and  translocation  of  the  substrate 
across  the  membrane;  4)  characterizing  the  mechanism  by  which  the  membrane 
transport  of  various  substrates  is  altered  in  certain  diseases;  and  5)  relating 
these  alterations  of  membrane  transport  to  the  pathogenesis  and  clinical 
manifestations  of  the  disease. 


94? 


ZOl  AM  53001-11  DDB 

In  dispersed  acini  from  guinea  pig  pancreas,  adding  extracellular  manganese 
causes  a  4-  to  5-fold  increase  in  enzyme  secretion.   In  addition,  extracellular 
manganese  inhibits  the  stimulation  of  enzyme  secretion  caused  by  secretagogues 
that  mobilize  cellular  calcium  (e.g.,  cholecystokinin,  cholinergic  agents, 
bombesin,  physalaemin  or  A23187) ,  but  augments  the  stimulation  caused  by  those 
secretagogues  whose  actions  are  mediated  by  cyclic  AMP  (e.g.,  vasoactive  intestinal 
peptide  or  secretin).   The  mechanism  by  which  manganese  alters  stimulated  secretion 
differs  from  the  mechanism  by  which,  manganese  stimulates  basal  secretion  because 
the  change  in  stimulated  release  is  maximal  within  10  minutes,  whereas  the  change 
in  basal  release  does  not  occur  until  after  20  minutes.   The  actions  of  manganese 
on  secretagogue-stimulated  enzyme  secretion  are  not  attributable  to  manganese- 
induced  changes  in  secretagogue-stimulated  calcium  outflux  or  cyclic  AMP  and 
instead,  appear  to  result  from  actions  of  manganese  on  one  of  the  later  steps  in 
the  mechanism  for  stimulating  the  secretory  process. 

In  rat  pancreatic  acini,  secretagogues  whose  actions  are  mediated  by  cyclic 
AMP  cause  a  2-fold  increase  in  enzyme  secretion.   Secretagogues  that  cause  mobili- 
zation of  cellular  calcium  produce  a  7-fold  augmentation  of  the  actions  of  cyclic 
AMP-mediated  secretagogues.   This  modulation,  which  is  the  major  determinant  of 
the  magnitude  of  the  effect  of  VIP  and  secretin  on  pancreatic  enzyme  secretion, 
reflects  the  ability  of  calcium  mobilized  from  intracellular  stores  to  amplify 
the  action  of  cellular  cyclic  AMP  on  the  enzyme  secretory  process. 

In  the  course  of  testing  venoms  from  various  anthropods  and  reptiles  for 
biologically  active  substances,  we  found  that  venom  from  Gila  monster  contains  a 
pancreatic  secretagogue.   The  venom  augmented  the  increase  in  enzyme  secretion 
caused  by  secretagogues  that  cause  mobilization  of  cellular  calcium  but  did  not 
alter  the  increase  in  enzyme  secretion  caused  by  secretagogues  whose  actions  are 
mediated  by  cyclic  AMP.   These  actions  result  from  a  VlP-like  substance  in  the 
venom  that  interacts  with  VIP  receptors  on  pancreatic  acinar  cells  to  activate 
adenylate  cyclase  and  increase  cellular  cyclic  AMP.   Thus,  just  as  peptides 
originally  isolated  from  frog  skin  (caerulein,  bombesin  and  physalaemin)  appear 
to  represent  phylogenetic  precursors  of  chemical  mediators  found  in  mammals 
(CCK,  gastrin-releasing  peptide  and  substance  P) ,  the  venom  from  Gila  monster 
may  contain  a  genetic  ancestor  of  VIP. 

12-0- tetradecanoy l-phorbol-13-acetate  (TPA)  is  a  potent,  tumor-promoting 
agent  extracted  from  croton  oil.   In  addition  to  its  tumor-promoting  action  we 
have  found  that  TPA  is  the  most  efficacious  pancreatic  secretagogue  described  to 
date.   Various  other  phorbol  derivatives  also  stimulate  enzyme  secretion  and  their 
relative  potencies  for  stimulating  secretion  are  the  same  as  their  relative 
abilities  to  promote  neoplastic  changes.   The  close  correlation  between  the 
relative  abilities  of  phorbol  esters  to  stimulate  pancreatic  enzyme  secretion  and 
the  abilities  of  these  agents  to  promote  carcinogenesis  suggests  that  these  two 
effects  may  be  caused  by  a  common  mechanism. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  vitro  systems  are  being  used  to  study  the  mechanism  of  action  of 
gastrin,  secretin,  cholecystokinin,  bombesin,  substance  P  and  vasoactive 
intestinal  peptide  with  their  specific  membrane  receptors. 


Clinical  investigations  are  directed  toward  developing  alternative 
forms  of  therapy  for  and  elucidating  the  pathogenesis  of  disorders 
characterized  by  ectopic  production  of  gastrointestinal  hormones  (e.g., 
Zollinger-Ellison  syndrome  and  pancreatic  cholera). 
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In  general,  the  structural  requirements  for  occupation  of  a  peptide  hormone 
receptor  are  quite  stringent  in  that  only  other  peptides  will  bind  to  the  hormone 
receptor,  and  the  peptides  that  do  bind  are  usually  fragments  of  the  hormone  or 
analogues  with  a  similar  chemical  structure.   One  exception  to  this  general  prin- 
ciple is  our  previous  finding  that  butyryl  derivatives  of  cyclic  GM9  are  specific, 
selective  CCK-receptor  antagonists  by  virtue  of  their  abilities  to  inhibit  com- 
petitively binding  of  CCK  to  its  receptors.   During  this  past  year  we  have  dis- 
covered a  second  class  of  non-peptide  CCK-receptor  antagonists.   Proglumide 
(DL-4-benzmido-N,N-dipropyl-glutaramic  acid)  and  benzotript  (N-p-chloro-benzoyl-L- 
tryptophan)  are  fully  competitive  antagonists  of  the  interaction  of  CCK  with  its 
cell  surface  receptors  on  various  target  tissues.   Because  proglumide  and  benzotript 
are  relatively  inexpensive  and  are  active  following  oral  administration,  these 
compounds  may  be  useful  in  defining  the  role  of  CCK  and  related  peptides  in  various 
physiological  processes  and  may  be  of  therapeutic  value  in  clinical  conditions  in 
which  antagonizing  the  actions  of  CCK  might  be  expected  to  produce  beneficial 
effects . 

During  this  past  year  we  have  developed  a  preparation  of  dispersed  smooth 
muscle  cells  from  mammalian  gastric  antrum.   In  this  preparation,  gastrointestinal 
peptides  and  neurotransmitters  that  cause  mobilization  of  cellular  calcium  promote 
contraction,  whereas  agents  that  increase  cellular  cyclic  AMP  cause  relaxation  and 
antagonize  the  contraction  caused  by  calcium-mobilizing  agents.   These  cells  should 
enable  us  to  explore  in  detail  the  cellular  basis  of  action  of  agents  that  modify 
contractile  activity  of  smooth  muscle  tissue. 

When  pancreatic  acini  are  first  incubated  with  CCK,  washed  to  remove  free  CCK 
and  then  reincubated  in  fresh  incubation  solution,  there  is  persistent  residual 
stimulation  of  enzyme  secretion.   Induction  of  residual  stimulation  requires  rel- 
atively high  concentrations  of  CCK,  is  reversible,  specific  for  CCK  and  temperature- 
independent.   CCK-induced  residual  stimulation  of  enzyme  secretion  can  be  reversed 
immediately  by  adding  a  CCK-receptor  antagonist  such  as  dibutyryl  cyclic  CMP  or 
proglumide. 

125 
From  studies  of  the  binding  of     I-CCK  and  the  accompanying  CCK-induced 

changes  in  target  cell  function,  we  have  developed  a  functional  model  for  the  CCK 

receptor.   The  essential  features  of  this  hypothesis  are  as  follows:  1)  Each  CCK 

receptor  has  two  distinct  binding  sites  (site  1  and  site  2) ;  2)  Site  1  has  a  high 

affinity  for  CCK  and  occupation  of  this  site  is  a  prerequisite  for  occupation  of 

site  2  by  CCK;  3)  The  dissociation  of  CCK  from  site  1  is  rapid;  4)  The  dissociation 

of  CCK  from  site  2  is  rapid  when  site  1  is  occupied  but  is  slow  when  site  1  is 

vacant.   The  pattern  of  the  effects  of  CCK  on  its  target  cells  depends  on  the  states 

of  the  CCK-receptor  (i.e.,  site  1  occupied,  site  2  occupied  or  both  sites  occupied). 

This  model  not  only  accounts  for  the  salient  features  of  the  actions  of  CCK  on  its 

target  cells  but  predicts  certain  phenomena  that  can  be  examined  experimentally. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  vitro  systems  are  being  used  to  characterize  the  mechanism  by  which 
cyclic  nucleotides  alter  cell  function  and  to  explore  the  mechanism  of  action 
of  agents  whose  "effect  on  cell  function  is  mediated  by  cellular  accumulation 
of  cyclic  nucelotides. 


I 


953 


ZOl  AM  53004-09  DDB 

Previously  we  found  that  butyryl  derivatives  of  cyclic  GMP  antagonize  the 
actions  of  cholecystokinin  (CCK)  by  inhibiting  binding  of  the  peptide  to  its 
membrane  receptors.   During  the  past  year  we  have  found  that  derivatives  of  cyclic 
AMP  and  cyclic  IMP  also  inhibit  binding  of  CCK  as  well  as  its  actions  on  acinar 
cell  function.   The  inhibition  caused  by  cyclic  nucleotide  derivatives  does  not 
require  the  presence  of  a  butyryl  moeity  because  certain  8-bromo  cyclic  nucleotides 
also  inhibit  the  interaction  of  CCK  with  its  receptors.   Cyclic  nucleotide  deriva- 
tives can  also  increase  pancreatic  enzyme  secretion;  however,  there  is  no  corre- 
lation between  their  abilities  to  stimulate  enzyme  secretion  and  their  abilities 
to  antagonize  the  actions  of  CCK.   Finally,  cyclic  nucleotide  derivatives  also 
inhibit  binding  of    I-CCK  to  antibodies  that  are  specific  for  the  biologically 
active,  C-terminal  region  of  CCK.   Thus,  certain  cyclic  nucleotide  derivatives 
possess  conformational  structure  which  resembles  that  of  the  biologically  active 
portion  of  CCK  and  this  structural  similarity  accounts  for  the  abilities  of  these 
nucleotide  derivatives  to  interact  with  CCK  receptors  and  by  so  doing,  inhibit 
the  action  of  CCK  in  its  target  tissues. 

ATP  is  the  proposed  chemical  mediator  of  the  so-called  "purinergic  nervous 
system".   We  have  found  that  ATP,  ADP  and  AMP,  but  not  adenosine,  are  effective 
intestinal  secretagogues.   Using  isolated  small  intestinal  epithelial  cells,  we 
have  found  that  adenine  nucleotides  interact  with  specific  receptors  on  the  outer 
surface  of  the  enterocyte  to  cause  activation  of  adenylate  cyclase  and  increased 
cellular  cyclic  AMP.   This  same  sort  of  action  could  account  for  the  actions  of 
adenine  nucleotides  on  other  target  tissues.   Thus,  in  intestinal  enterocytes, 
extracellular  ATP  can  catalyze  the  conversion  of  intracellular  ATP  to  cyclic  AMP 
which,  in  turn,  produces  the  changes  in  target-cell  function. 

Previous  studies  have  shown  that  the  venous  effluent  from  pancreatic  islets 
passes  to  acinar  cells  before  entering  the  general  circulation.   Thus,  a  portion 
of  the  exocrine  pancreas  can  be  exposed  to  relatively  high  concentrations  of 
islet-cell  hormones.   To  examine  the  potential  significance  of  this  anatomical 
connection  between  the  endocrine  and  exocrine  pancreas,  we  explored  the  action  of 
glucagon  on  dispersed  acini  from  guinea  pig  pancreas.   We  found  that  glucagon,  at 
concentrations  that  would  conceivably  occur  in  the  blood  leaving  the  pancreatic 
islets,  acts  on  pancreatic  acinar  cells  to  activate  adenylate  cyclase  and  increase 
cellular  cyclic  AMP  which,  in  turn,  stimulates  enzyme  secretion  and  potentiates 
the  increase  in  enzyme  secretion  caused  by  secretagogues  that  mobilize  cellular 
calcium. 

Although  streptozotocin  is  an  effective  antineoplastic  agent  in  patients  with 
pancreatic  cholera  syndrome  (VIP-producing  pancreatic  neoplasm  and  profuse  watery 
diarrhea),  its  use  is  often  limited  by  the  development  of  nephrotoxicity.   We  have 
found  that  in  patients  with  metastatic  disease  to  the  liver,  irradiation  of  hepatic 
metastases  can  provide  a  rapid  and  well-tolerated  method  of  reducing  tumor  mass 
and  stool  volume. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  key.<ords) 

Saturable  binding  of  sulf obromophthalein  (BSP)  to  hepatic  canalicular  and  plasma 
membranes  has  been  demonstrated.   Furthermore,  proteins  with  high  affinities 
for  bilirubin  and  BSP  have  been  isolated  from  hepatic  cell  surface  membrane 
fractions  suggesting  that  carrier-mediated  transport  mechanisms  may  be  of 
importance  in  the  hepatic  uptake  and  excretion  of  these  organic  anions.   In 
studies  of  bile  salt  transport  it  has  been  shown  that  microfilaments  play  a 
role  in  hepatic  active  transport  systems. 
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Project  Description: 

Objectives: 

1)  To  study  the  transport  of  organic  anions  from  blood  across  the 
hepatocyte  into  bile,  in  order  to  characterize  the  biophysical  nature  of 
each  of  the  transport  steps  involved  in  the  overall  hepatic  excretory  system. 

2)  To  develop  a  capability  for  quantitating  the  function  of  each  of 
these  steps  in  patients  with  hepatic  dysfunction  by  analysis  of  kinetic 
studies  of  various  test  substances  such  as  sulfobromophthalein  (BSP) , 
indocyanine  green,  radiolabeled  bilirubin  and  radiolabeled  bile  salts. 

Methods  Employed: 

1)  Plasma  disappearance  curves  of  labeled  or  unlabeled  organic  anions 
are  analyzed  using  appropriate  computer  programs. 

2)  Pure  preparations  of  biosynthetically  labeled  bilirubin  conjugates 
are  isolated  from  rat  bile  using  albumin-agarose  affinity  columns. 

3)  Homogenates  and  cytosol  of  liver  are  subjected  to  thin  layer 
chromatographic  analysis  of  -^H-labeled  bile  pigments  after  administrating 
unconjugated  -^H-bilirubin  intravenously  to  rats.   The  dissociation  constants 
of  bilirubin  and  its  conjugates  for  glutathione-S-transf erase  are  measured 

f luorometrically. 

4)  Rat  liver  plasma  and  canalicular  membrane  fractions  are  prepared 
by  differential  and  isopycnic  centrifugation. 

5)  Proteins  with  affinities  for  BSP  and  bilirubin  are  isolated  from  rat 
liver  membrane  fractions  by  affinity  chromatography. 

6)  A  rapid  filtration  technique  is  used  to  separate  cells  from  medium 
in  studies  of  the  initial  uptake  velocity  of  taurocholate  by  hepatocytes. 

7)  Polyacrylamide  gel  electrophoresis  is  used  in  the  assessment  of 
the  effect  of  bile  salts  on  protein  excretion  into  bile. 

Major  Findings: 

1)   Fasting  and  postprandial  serum  bile  acid  concentrations  and  plasma 
disappearance  rates  of  injected  cholyl-glycine  are  entirely  normal  in  all 
three  subtypes  of  Gilbert's  syndrome.   These  findings  confirm  previously 
fragmentary  information  which  suggests  that  the  transhepatic  transport  of  bile 
acids  occurs  over  separate  pathways  from  those  involved  in  the  excretion  of 
other  cholephilic  anions.   They  are  also  of  clinical  significance  in  that 
even  minimal  structural  hepatic  disease  has  been  found  almost  invariably 
to  be  associated  with  an  abnormality  in  either  the  postprandial  serum  total 
concentration  of  bile  acids  or  plasma  bile  acid  disappearance  rates.   Hence, 
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in  patients  with  subtypes  of  Hilbert's  syndrome  associated  with  abnormalities 
of  BST'  metabolism  normal  bile  acid  studies  strongly  mitigates  against  the 
existence  of  structural  liver  disease  and  can  be  used  as  a  means  of  obviating 
the  necessity  for  invasive  procedures  such  as  liver  biopsy  in  these  patients. 

2)  An  analysis  of  plasma  disappearance  curves  of  iniected  cholyl- 
glycine  in  normal  subjects  as  assessed  by  a  radioimmunoassay,  which  was 
reported  by  others,  resulted  in  values  for  the  initial  volume  of  d^ stiibution 
that  exceeded  that  of  total  body  water  and  values  for  clearance  from  the 
plasma  which  exceeded  hepatic  blood  flow.   These  findings  prompted  a 
further  study  of  the  disappearance  of  injected  cholyl-glycine  from 

plasma  in  normal  subjects  in  which  measurements  of  cholyl-glycine  were 
made  using  the  3-hydroxysteroid  dehydrogenase  method.   This  study  indicated 
that  the  rate  of  disappearance  of  unlabeled  cholyl-glycine  from  plasma 
was  the  same  as  that  of  -'-^C-labeled  cholyl-glycine.   This  rate  was  similar 
to  the  corresponding  rate  for  the  more  extensively  studied  cholephilic  anion 
indocyanine  green.   Calculated  values  for  the  initial  volumes  of  distribution 
of  labeled  Or  unlabeled  cholylglycine  appoximated  to  the  plasma  volume. 

3)  To  obtain  new  insights  into  the  relationship  between  plasma 
bilirubin  turnover  and  hepatic  bilirubin  clearance,  studies  of  bilirubin 
kinetics  have  been  conducted  in  patients  with  hereditary  spherocytosis 
before  and  after  splenectomy.   In  patients  whose  pre-operative  bilirubin 
clearance  values  were  normal,  the  fall  in  bilirubin  production  occurring 
after  splenectomy  had  no  effect  on  hepatic  bilirubin  clearance,  whereas 
in  patients  whose  pre-operative  bilirubin  clearance  values  were  low  and 
in  the  range  found  in  Gilbert's  syndrome,  there  was  a  marked  increase  in 
hepatic  bilirubin  clearance  following  surgery.   These  findings  suggest 

that  in  the  patients  with  Gilbert's  syndrome  the  hepatic  bilirubin  transport 
system  was  operating  at  a  level  close  to  saturation  and  that  bilirubin 
loading  studies  may  prove  to  be  a  useful  provocative  test  for  the  diagnosis 
of  carriers  of  the  Gilbert's  syndrome  gene  who  do  not  express  the  trait 
at  basal  levels  of  bilirubin  production. 

4)  The  previous  isolation  of  a  pure  preparation  of  biosvnthetically 
labeled  bilirubin  conjugates  in  this  laboratory  has  enabled  kinetic 
studies  of  the  hepatic  metabolism  of  conjugated  bilirubin  to  be  carried 
out  in  rats.   It  has  been  shown  that  values  for  both  hepatic  uptake  and 
net  hepatic  clearance  of  conjugated  bilirubin  are  substantially  faster 
than  corresponding  values  for  unconjugated  bilirubin,  presumably  due,  at 
least  in  part,  to  the  ability  of  the  former  pigment  to  bypass  the  conjugation 
step.   In  addition,  the  hepatic  uptake  of  conjugated  bilirubin,  like 

that  of  the  unconjugated  pigment,  was  inhibited  by  other  organic  anions, 
such  as  BSP  and  indocyanine  green,  but  not  by  glycocholate,  suggesting 
that  the  hepatic  uptake  of  conjugated  bilirubin  is  not  mediated  by 
simple  diffusion  but  by  a  more  complex  mechanism  shared  with  unconjugated 
bilirubin. 

5)  Bilirubin  monoglucuronide  accumulates  preferentially  within  the 
hepatocyte  whereas  the  diglucuronide  appears  to  be  preferentially  secreted 
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into  bile.   In  addition,  unconjugated  and  conjugated  bilirubins  were  found  to 
have  a  high  affinity  for  glutathione-S-transf erases  such  as  ligandin.   Based 
on  these  findings  it  is  suggested  that  microsomal  monoconjugation  of  bilirubin 
may  Occur  while  it  is  bound  to  a  glutathione-S-transferase  and  that  the 
biliary  excretion  of  bilirubin  may  involve  interaction  of  a  bilirubin  mono- 
glucuronide glutathione-S-transferase  complex  with  the  bile  canalicular 
membrane  with  resultant  excretion  of  bilirubin  diglucuronide  directly  from 
the  canalicular  pool  of  the  hepatocyte. 

6)  To  assess  the  potential  role  of  membrane  carriers  in  the  hepatic 
transport  of  organic  anions,  the  kinetics  of  binding  of  labeled  ESP  to 
canalicular  and  plasma  membrane  fractions  isolated  from  rat  hepatocytes  were 
studied.   Saturable  binding  of  BSP  to  both  membranes  was  shown  and  this 
binding  was  competitively  inhibited  by  bilirubin  and  indocyanine  green  but  not 
by  taurocholate.   This  investigation  has  provided  further  support  for  the 
hypothesis  that  organic  anions  other  than  bile  salts  share  a  common  pathway  for 
hepatic  uptake  and  biliary  excretion  and  that  membrane  carrier  proteins  may  be 
involved  in  these  processes. 

7)  Potential  carrier  proteins  have  been  isolated  from  sinusoidal  and 
canalicular  enriched  liver  membrane  fractions  using  affinity  chromatography. 
From  BSP  affinity  columns  three  binding  proteins  with  apparent  molecular 
weights  of  4.0,  4.6  and  6.0  x  10"^  were  eluted.   From  bilirubin  affinity 
columns  a  single  binding  protein  with  an  apparent  molecular  weight  of 

6.0  X  lO'^  was  eluted.   Thus,  one  or  more  membrane  carrier  proteins  may  be 
involved  in  the  hepatic  transport  of  bilirubin  and  organic  anionic  dyes. 

8)  To  investigate  whether  elevated  fasting  and  post-prandial  serum 
bile  salt  concentrations  in  patients  with  chronic  liver  disease  might  be  due, 
at  least  in  part,  to  abnormal  bile  salt  transport,  uptake  of  taurocholate 

by  hepatocytes  isolated  from  normal  rats  and  rats  with  fibrosis  induced  by 
carbon  tetrachloride  was  determined.   Taurocholate  uptake  by  hepatocytes  from 
rats  with  hepatic  fibrosis  was  noncompetitively  inhibited,  raising  the 
possibility  of  decreased  numbers  of  receptors  for  bile  salts  on  these  cells. 

9)  In  a  study  of  the  differential  effects  of  taurolithocholate  and 
taurocholate  on  protein  excretion  into  bile  in  rats,  it  has  been  shown  that 
taurocholate  induces  some  loss  of  surface  proteins  of  the  canalicular 
membrane  without  affecting  the  integrity  of  this  membrane.   In  contrast, 
taurolithocholate  induced  substantially  more  protein  excretion  and  this  was 
associated  with  loss  of  integral  canalicular  membrane  and  Golgi  components 
into  bile.   These  findings  may  be  related  to  the  observed  loss  of  canalicular 
microvilli  and  cholestasis  caused  by  taurolithocholate. 

10)  The  role  of  microfilaments  and  microtubules  in  bile  salt  transport 
has  been  studied  in  rats  by  assessing  the  effects  of  cytochalasin  B,  a 
microfilament  inhibitor,  and  colchicine,  a  microtubule  inhibitor,  on  tauro- 
cholate uptake  by  isolated  rat  hepatocytes.   Cytochalasin  B  competitively 
inhibited  taurocholate  uptake,  implying  either  binding  of  cytochalasin  B  to  a 
receptor  for  taurocholate  or  direct  participation  of  microfilaments  in  tauro- 
cholate uptake.   Colchicine  noncompetitively  inhibited  taurocholate  uptake 
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suggesting  either  an  indirect  or  no  role  of  microtubules  in  taurocholate 
transport.   Thus,  microfilaments  may  be  of  importance  in  active  transport 
systems  of  the  hepatocyte  and  their  functional  impairment  may  lead  to 
cholestasis  by  inhibiting  bile  salt  transport. 

11)   In  a  further  study  of  bile  salt  transport,  an  explanation  of  the 
anion  gap  in  rat  bile  was  sought.   Bile  salt-depleted  bile  was  found  to 
increase  hepatocellular  bile  flow  in  "  dose-dependent  fashion  without  altering 
the  permeability  of  the  biliary  tree.   The  unidentified  choleretic  agent  was 
heat  stable  and  was  not  a  bile  salt.   This  finding  suggests  that  part  of  the 
bile  salt  independent  fraction  of  bile  may  be  dependent  on  the  excretion  of 
currently  undefined  anions. 

Significance  to  Biomedical  Research: 

Studies  of  organic  anion  kinetics  in  patients  with  Gilbert's  syndrome, 
Crigler-Naj jar  syndrome  and  normal  volunteers  have  led  to  a  marked  improvement 
in  our  understanding  of  the  excretory  function  of  the  liver.   In  particular, 
these  studies  have  demonstrated  that  it  is  possible  to  quantitate  hepatic 
function  in  terms  of  clearance  values  in  a  manner  analagous  to  the  use 
of  creatinine  clearance  measurements  for  quantitating  renal  function.   The 
ability  to  accurately  measure  both  bilirubin  turnover  and  bilirubin  clearance, 
the  two  parameters  which  determine  the  plasma  bilirubin  concentration,  has 
made  possible  a  precise  functional  classification  of  all  cases  of  unconjugated 
hyperbilirubinemia.   Studies  of  the  sort  described  above  are  also  leading 
both  to  the  development  of  new  clinical  methods  for  assessing  the  function  of 
individual  steps  in  organic  anion  transport  processes  and  to  an  improved 
understanding  of  the  nature  of  the  defects  in  a  variety  of  disease  states 
which  affect  the  liver. 

Proposed  Course: 

This  project  is  currently  inactive.   Future  studies  might  include  the 
following: 

1)  The  standard  protocol  for  defining  the  disappearance  from  plasma  of 
intravenously  administered  radiolabeled  unconjugated  bilirubin  could  be 
extended  by  counting  radioactivity  in  the  upper  layers  of  the  Weber-Schalm 
partition  of  plasma  samples.   To  the  extent  that  the  Weber-Schalm  system 
effectively  separates  unconjugated  from  conjugated  bilirubin,  such  data  would 
reflect  incorporation  of  the  radiolabel  into  plasma  conjugated  bilirubin. 
Data  of  this  type  could  be  subjected  to  conventional  curve  fitting  and 
mathematical  modeling  techniques. 

2)  Preparations  of  pure  radiolabeled  conjugated  bilirubin  could  be  used 
to  study  the  kinetics  of  the  conjugated  pigment  in  vivo  in  experiments  having 
similar  designs  to  analogous  studies  that  have  already  been  conducted  using 
radiolabeled  unconjugated  bilirubin. 

3)  A  distributed  modeling  appraoch  should  be  incorporated  into  the 
experimental  design  and  analysis  of  future  studies  of  bilirubin  metabolism  in 
vivo  if  insights  into  blood  transport  delays,  short  term  effects  within  the 
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hepatic  circulation  and  gradients  of  concentration  of  unconjugated  and  con- 
jugated bilirubin  from  the  portal  to  the  centrilobular  zone  of  the  hepatic 
lobule  are  to  be  obtained. 
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SUMMARY  OF  ^ORK  (200  words  or  less  -  underline  keywords) 

The  abnormal  pattern  of  visual  evoked  potentials  in  rabbits  with  hepatic 
encephalopathy  (HE)  due  to  fulminant  hepatic  failure  (FHF)  resembled  that  induced 
by  barbiturates  and  benzodiazepines.   As  these  drugs  induce  neural  inhibition  by 
interacting  with  receptors  for  the  inhibitory  neurotransmitter  y-aminob 


jutyric  acid 
:tivity  in  | 


on  postsynaptic  neural  membranes,  this  finding  implies  that  neuronal  act 

HE  is  similar  to  that  induced  by  GABA.  Outside  the  CNS  the  main  source  of  GABA  isj 

gut  bacteria  and  the  main  site  of  its  catabolism  is  the  liver.   When  FHF  was  in-  | 


duced  in  rabbits  the  onset  of  HE  was  preceded  by  a  marked  increase  in  plasma  GABA] 
levels  and  by  an  increase  in  the  permeability  of  the  blood  brain  barrier  (BBB) . 
Scatchard  plots  of  the  specific  binding  of  -^H-GABA  to  rabbit  postsynaptic  mem- 
branes indicated  the  presence  of  two  independent  receptors  for  GABA.   FHF  was 
associated  with  a  twofold  increase  in  the  number  of  both  receptors.   These  find- 
ings suggest  that  as  the  liver  fails:   1)  impaired  hepatic  metabolism  of  GABA 
leads  to  an  increase  of  gut-derived  GABA  in  plasma,  2)  plasma  GABA  gains  access 
to  the  brain  through  a  permeable  BBB  and  3)  plasma-derived  GABA  may  induce  its 
own  receptors  and  thereby  increase  the  sensitivity  of  the  brain  to  GABA. 
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Proiect  Description: 

Objectives: 

1)  It  is  not  established  whether  hepatic  coma  is  due  to  the  accumulation 
of  an  encephalopathic  substance  which  is  inadequately  cleared  by  the  diseased 
liver  or  to  a  failure  of  the  diseased  liver  to  synthesize  an  adequate  amount 
of  a  substance  necessary  for  normal  brain  function.   A  major  objective  of  this 
study  is  to  obtain  new  insights  into  the  pathogenesis  of  hepatic  encephalopathy. 
In  particular,  the  object  is  to  identify  and  characterize  potential  encephalo- 
toxins  which  may  contribute  to  HE,  and  to  determine  whether  they  cross  the  blood- 
brain  barrier.   If  they  induce  neural  inhibition  their  site  and  mode  of  action 
will  be  investigated. 

2)  An  additional  objective  is  to  develop  extracorporeal  hemoperfusion 
circuits  for  removing  from  plasma  those  metabolic  products  which  are  potentially 
encephalopathic  and  which  are  ordinarily  extracted  by  the  liver.   In  applying 
this  approach  the  effects  of  including  different  adsorbents  in  the  circuit 

and  the  effects  of  different  hemoperfusion  schedules  will  be  assessed.   An 
ultimate  objective  is  the  development  of  a  biocompatible  artificial  liver  support 
system  for  use  in  the  management  of  acute  potentially-reversible  hepatic  failure. 

Methods  Employed: 

1)  To  generate  an  animal  model  of  fulminant  hepatic  failure  (FHF) ,  the 
selective  hepatotoxin,  galactosamine-HCl,  is  administered  intravenously 
according  to  a  precise  dose  schedule  to  an  inbred  strain  of  rabbits. 

2)  The  clearance  (ml/min)  of  potentially  encephalopathic  metabolites 
by  columns  containing  a  variety  of  adsorbents  has  been  measured  using  plasma 
supplemented  with  labeled  and  unlabeled  metabolites  in  a  simple  recirculation 
system. 

3)  Rabbits  in  FHF  have  been  treated  by  perfusing  their  blood  over  a  bio- 
compatible microporous  polypropylene  membrane  and  passing  the  dialysate  over  a 
column  of  an  adsorbent  before  recirculating  it  over  the  membrane. 

4)  Visual  evoked  potentials  in  the  central  nervous  system  are  measured 
via  chronically  implanted  epidural  electrodes.   Methods  have  been  standardized 
for  electrode  implantation  and  data  recovery  for  normal  rabbits  and  rabbits  with 
HE  due  to  FHF  and  other  types  of  encephalopathy.   Analysis  of  repeated  record- 
ings is  performed  by  a  dedicated  computer  system. 

5)  The  concentration  of  the  inhibitory  neurotransmitter  y-aminobutyric 
acid  (GABA)  is  measured  in  serum  and  other  fluids  using  a  highly  sensitive  and 
reproducible  competitive  radioreceptor  assay.   The  basis  of  this  assay  is  the 
ability  of  cold  GABA  to  displace  [^H]-GABA  from  specific  receptors  on  prepara- 
ions  of  postsynaptic  neural  membranes  isolated  from  brain. 

6)  The  densities  and  affinities  of  GABA  receptors  on  neural  membranes  are 
determined  by  computer  assisted  analysis  of  Scatchard  plots. 
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7)  The  density  and  affinity  of  binding  sites  for  benzodiazepines  on  GABA 
receptors  are  determined  by  analyzing  Scatchard  plots  for  the  specific  binding  of 
^H-f lunitrazepam  to  postsynaptic  neural  membranes. 

8)  The  porosity  of  the  blood-brain  barrier  to  a  radiolabeled  isomer  of 
GABA  "*C-a-aminoisobutyric  acid  is  being  studied  using  computer-assisted  quanti- 
tative autoradiographic  techniques. 

9)  The  activity  of  the  GABA-catabolizing  enzyme,  GABA-transaminase,  is 
measured  in  tissues  using  a  radiometric  assay. 

3  3 

10)   In  studies  of  the  metabolism  of  tracer  doses  of  H-GABA  in  vivo,   H- 

metabolites  of  GABA  and  H-GABA  itselt  are  separated  in  plasma  samples  by  ion 

exchange  chromatography. 

Major  Findings: 

1)  A  galactosamine-induced  animal  model  of  FHF  has  been  generated  in  an 
inbred  strain  of  rabbit  which  has  the  advantages  of  being  non-hazardous  to 
personnel  and  reproducible.   The  model  closely  resembles  human  FHF  in  its 
clinical,  electroencephalographic,  serum  biochemical  and  hepatic  histologic 
features.   Death  occurs  from  liver  failure.   Cross  circulation  experiments  be- 
tween the  model  and  a  normal  rabbit  indicate  that  the  model  is  potentially 
reversible.   The  rabbit  is  sufficiently  large  to  permit  studies  of  the  effects 
of  extracorporeal  hemoperfusion  devices  on  FHF. 

2)  Arousal  of  patients  with  HE  due  to  FHF  may  be  attributable,  at  least  in 
part,  to  depletion  of  protein-bound  neurotoxic  substances  from  a  slowly  exchang- 
ing extravascular  pool  such  as  the  brain  or  CSF.   The  hypothetical  effects  of 
different  hemoperfusion  schedules  on  the  kinetics  of  depletion  of  a  protein-bound 
substance,  unconjugated  bilirubin,  have  been  simulated  using  a  computer.   Data 

on  the  kinetics  of  unconjugated  bilirubin  in  man  and  experimentally  determined 
values  for  the  efficiency  of  hemoperfusion  through  albumin-agarose  columns  in 
removing  unconjugated  bilirubin  from  plasma  were  used  in  the  simulations.   The 
results  suggest  that  simple  alterations  in  the  schedule  of  hemoperfusions  might 
accelerate  depletion  of  toxins  from  an  extravascular  pool  and  hence  promote 
earlier  arousal  and  possibly  more  frequent  survival  in  patients  with  FHF. 

3)  Columns  containing  various  activated  carbons  are  ineffecient  at 
clearing  dicarboxylic  amino  acids  and  short  chain  fatty  acids  from  plasma. 
In  contrast,  columns  containing  granular  and  spherical  carbons  are  very 
effective  at  clearing  from  plasma  aromatic  amino  acids  and  certain  neuro- 
transmitters, substances  of  potential  importance  in  the  pathogenesis  of  HE. 

4)  Normal  rabbits,  subjected  to  hemoperfusion  schedules  in  which  blood 
is  perfused  through  silicone  rubber  tubing  or  over  columns  of  carbon  embedded 
in  hydroxyethylcellulose,  develop  hyperventilation  and  respiratory  alkalosis 
and  subsequently  die.   This  hemoperfusion-induced  respiratory  distress  syndrome 
is  associated  with  polymorphonuclear  leukopenia  and  the  sequestration  of 
aggregated  polymorphonuclear  leukocytes  in  pulmonary  arterioles.   A  heat  labile 
factor  in  plasma,  which  is  probably  the  activated  complement  component  C5a,  is 
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necessary  for  the  development  of  this  syndrome.   Hemoperfusion  through  silastic 
tubing  is  not  associated  with  this  syndrome.   Corticosteroids  inhibit  C5a- 
mediated  aggregation  of  polymorphonuclear  leukocytes  in  vitro.   However,  when 
the  blood  of  rabbits  was  perfused  over  an  implicated  foreign  surface,  hydro- 
cortisone 150  mg  IV  per  kg  per  hour  did  not  prevent  the  pulmonary  sequestration 
of  aggregated  polymorphonuclear  leukocytes  and  a  fatal  respiratory  distress 
syndrome. 

5)  A  hemoperfusion  system  has  been  devised  which  avoids  problems  of 
bioincompatibility  due  to  interaction  between  formed  elements  of  the  blood 
and  adsorbents,  and  embolization  of  particles  of  adsorbent.   Blood  is  perfused 
over  a  microporous  polypropylene  membrane.   The  dialysate,  which  is  in  a 
closed  circuit,  is  recirculated  over  the  membrane  after  passage  through  a 
column  of  adsorbent.   This  arrangement  avoids  disadvantages  associated  with 
fluid  shifts  across  the  membrane.   Normal  rabbits  subjected  to  4-hour  periods  of 
hemoperfusion  using  this  system  have  shown  no  ill  effects. 

6)  The  pattern  and  amplitude  of  visual  evoked  potentials  in  the  central 
nervous  system  have  been  monitored  in  rabbits  via  chronically  implanted 
epidural  electrodes.   These  potentials  reflect  post-synaptic  neuronal  activity. 
Repeated  visual  stimulation  with  real  time  computer-assisted  summation  increased 
the  reproducibility  of  visual  evoked  potentials  by  removing  background 
electroencephalographic  activity.   The  recording  of  visual  evoked  potentials 
has  been  shown  to  be  a  reliable,  quick,  non-invasive  method  of  quantigying 
neurologic  changes  in  HE.   Furthermore,  the  pattern  of  visual  evoked  potentials 
associated  with  HE  was  found  to  be  similar  to  that  associated  with  coma  induced 
by  certain  hypnotic  agents,  e.g.  barbiturates  and  benzodiazepines,  but  not 
others,  e.g.  ether.   As  barbiturates  and  benzodiaepines  are  known  to  mediate 
their  neuroinhibitory  effects  by  interacting  with  postsynaptic  receptors  for 
GABA  in  the  central  nervous  system,  it  seems  possible  that  putative  toxins  which 
might  contribute  to  HE  might  do  so  by  interacting  with  the  GABA  inhibitory 
neurotransmitter  system. 

7)  GABA  metabolism  and  the  status  of  GABA  the  neurotransmitter  system  have 
been  investigated  in  the  rabbit  model  of  FHF.   Studies  involving  the  application 
of  the  radioreceptor  assay  to  measure  GABA  and  measurements  of  the  specific 
binding  of  -^H-GABA  to  postsynaptic  neural  membranes  have  shown:   1)  A  major 
source  of  GABA  in  peripheral  blood  is  the  enteric  bacterial  flora;  2)  plasma 
levels  of  GABA  are  increased  by  more  than  an  order  of  magnitude  in  FHF  but  not 
in  another  type  of  metabolic  encephalopathy;  (3)  plasma  levels  of  GABA  in  FHF 
become  markedly  elevated  before  the  onset  of  HE:  4)  there  are  two  independent 
receptors  for  GABA  on  postsynaptic  neural  membranes  with  different  binding 
affinities;  and  (5)  HE  is  associated  with  no  change  in  the  affinities  but  with 

a  twofold  increase  in  the  number  of  both  receptors. 

8)  To  determine  whether  GABA  in  plasma  can  gain  access  to  the  brain, 
the  transport  of  the  non-metabolizable  isomer  of  GABA,  a-aminoisobutyric  acid 
(AIB) ,  across  the  blood  brain  barrier  was  measured.   Blood  to  brain  transport 
of  -'-'^C-AIB  is  minimal  in  normal  rabbits  but  increases  markedly  in  specific  gray 
areas  of  the  brain  in  rabbits  with  acute  liver  failure  prior  to  the  onset  of  HE. 

9)  To  determine  whether  changes  in  end-organ  responsivness  could  contribute 
to  the  increased  sensitivity  to  hypnotic  drugs,  such  as  benzodiazepines,  which 
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occurs  in  HE,  the  specific  binding  of   H-f lunitrazepam  to  postsynaptic  neural 
membranes  of  the  rabbit  was  studied.   The  number  of  binding  sites  was  increased 
in  FHF,  suggesting  that  the  benzodiazepine  binding  site  and  the  GABA  receptor 
are  regulated  as  a  single  operational  unit  and  that  the  increased  sensitivity 
to  benzodiazepines  in  HE  is  due  to  the  presence  of  more  benzodiazepine  receptors 
permitting  increased  drug  effect. 

10)  The  mechanism  by  which  plasma  GABA  concentrations  became  elevated  in 
FHF  has  been  studied  in  rabbits.   The  activity  of  the  enzyme  which  catabolizes 
GABA  in  the  liver,  GABA- transaminase,  does  not  decrease  in  FHF.   However,  clear- 
ance of  -^H-GABA  from  plasma  in  FHF  is  markedly  decreased,  suggesting  that  the 
mechanism  of  the  elvated  plasma  levels  is  inefficient  hepatic  extraction. 

11)  Studies  of  the  binding  of  GABA  to  postsynaptic  membranes  prepared  from 
brains  obtained  at  human  autopsies  and  measurements  of  plasma  GABA  levels  in 
patients  with  a  variety  of  liver  and  other  diseases  are  being  conducted  to  deter- 
mine whether  the  findings  obtained  with  the  rabbit  model  of  FHF  apply  to  man. 
Preliminary  results  indicate  that  the  number  of  GABA  receptors  is  increased  in 
the  brains  of  patients  dying  of  FHF  or  chronic  hepatocellular  failure  but  not  in 
the  brains  of  patients  dying  from  a  variety  of  other  causes.   Furthermore,  plasma 
GABA  levels  were  found  to  be  elevated  fourfold  in  patients  with  decompensated 
cirrhosis  without  overt  HE  but  were  elevated  more  than  tenfold  in  patients  with 
cirrhosis  and  HE  or  FHF. 

Significance  to  Biomedical  Research: 

The  mortality  rate  from  FHF  of  various  etiologies  in  man  is  usually  80-90%. 
Various  types  of  temporary  hepatic  support  have  been  used  in  the  treatment  of 
this  syndrome  in  uncontrolled  studies  in  the  hope  of  buying  time  to  allow  hepatic 
regeneration  to  take  place.   Such  attempts  at  taking  over  the  functions  of  a 
failing  liver  have,  to  date,  had  little  if  any  effect  on  the  mortality  rate. 
Advances  in  this  field  are  impeded  by  continuing  uncertainties  regarding  the 
pathogenesis  of  HE  in  FHF.   It  is  not  clear  whether  HE  is  due  to  toxic  substances 
which  impair  cerebral  function  or  to  the  lack  of  a  hepatic-synthesized  substance 
which  is  necessary  for  normal  cerebral  function.   Furthermore,  there  are  no 
reliable  clinical  or  laboratory  findings  which  enable  the  clinician  to  identify 
those  patients  with  HE  due  to  FHF  who  will  die  irrespective  of  any  treatment 
modality,  those  who  will  recover  spontaneously  and  those  whose  life  might 
be  saved  by  providing  temporary  hepatic  support.   Further  insights  into  the 
pathogenesis  of  HE  in  FHF  are  being  sought  by  studying  the  metabolism  of  inhibi- 
tory neurotransmitters  and  the  status  of  receptors  for  inhibitory  neurotransmit- 
ters in  FHF.   The  results  of  the  studies  of  the  inhibitory  neurotransmitter  GABA 
in  normal  rabbits  and  rabbits  in  FHF  suggest  that  as  the  liver  fails:   i^  im- 
paired hepatic  metabolism  of  GABA  leads  to  an  increase  in  gut-derived  GABA  in 
plasma,  ii)  plasma  GABA  gains  access  to  the  brain  through  a  permeable  blood 
brain  barrier  and  iii)  plasma-derived  GABA  may  induce  its  own  receptors  and 
thereby  increase  the  sensitivity  of  the  brain  to  GABA  by  permitting  more  GABA- 
inducing  neuroinhibitory  effects.   This  hypothesis  is  compatible  with  inter- 
actions between  GABA  and  its  receptors  playing  an  important  role  in  the  patho- 
genesis of  HE  and  with  improvement  in  HE  following  partial  sterilization  of  the 
gut. 
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The  availability  of  an  animal  model  of  FHF  enables  controlled  studies  of 
the  efficacy  of  different  types  of  temporary  hepatic  support  device  to  be  con- 
ducted.  The  results  of  such  studies  together  with  a  better  understanding  of  the 
pathogenesis  of  HE  should  lead  to  more  effective  management  of  human  FHF. 

Proposed  Course: 

In  the  immediate  future  further  studies  of  the  metabolism  of  GABA  and  the 
status  of  the  GABA  inhibitory  neurotransmitter  system  in  HE  will  be  conducted. 
These  studies  will  include:   (i)  An  assessment  of  the  timing  and  significance  of 
increased  porosity  of  the  blood-brain  barrier  in  relation  to  the  onset  of  HE; 
(ii)   A  determination  whether  a  factor  in  plasma  during  liver  failure  is  respon- 
sible for  increasing  the  porosity  of  the  blood  brain  barrier;  (iii)  Measurement 
of  the  binding  of  barbiturates  and  analogues  of  GABA,  such  as  mucimol,  to  GABA 
receptors:  (iv)  Measurements  of  the  serum  level  of  GABA  in  patients  with  HE  and 
other  metabolic  encephalopathies;  and  (v)  Determination  of  the  number  of  recep- 
tors for  GABA  in  postsynaptic  neural  membranes  from  the  brains  of  patients  who 
have  died  from  liver  cell  failure  (acute  or  chronic)  and  other  causes. 
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Project  Description: 

Objectives: 

Patients  with  HBsAg  negative  lupoid  chronic  active  hepatitis  and  primary 
biliary  cirrhosis  (PBC)  exhibit  striking  defects  of  immunologic  function. 
Currently  immunologic  mechanisms  are  considered  to  play  major  roles  in  the 
pathogenesis  of  these  two  diseases.   The  main  objective  of  this  study  is 
to  evaluate  in  detail  the  immunologic  status  of  patients  with  these  two 
diseases.   In  particular,  immunologic  phenomena  which  are  likely  to  be  of 
pathogenic  significance  are  studied.   The  ultimate  goal  is  to  identify  the 
major  pathogenic  mechanisms  in  both  diseases. 

Methods  Employed: 

Criteria  for  patient  selection  are  based  on  history,  physical 
examination,  results  of  serum  biochemical  tests,  serum  non-organ  specific 
antibody  titers  and  hepatic  histology.   Patients  with  a  history  of  ingestion 
of  hepatotoxic  drugs  are  excluded.   A  few  patients  with  alcoholic  liver  disease 
have  been  studied  to  generate  control  data  in  a  chronic  liver  disease  in  which 
the  etiology  is-  not  primarily  immunologic.   Similarly,  a  few  patients  with 
large  duct  biliary  obstruction  and  sclerosing  cholangitis  have  been  studied 
to  generate  control  data  in  patients  who  have  cholestasis  not  due  to  PBC. 

1)  The  immunologic  status  of  patients  is  assessed  by  multiple  intra- 
dermal antigen  tests,  primary  immunization  with  keyhole  limpet  hemocyanin 

and  pneumococcal  polysaccharide  with  subsequent  keyhole  limpet  hemocyanin  skin 
testing,  quantitation  of  T  and  B  cell  populations  using  resetting  and 
immunofluorescence  techniques,  quantitation  of  serum  concentrations  of 
immunoglobulins  and  complement  components  and  functional  (hemolytic)  assays  of 
complement  components.   Patients  are  also  HLA  typed. 

2)  For  immunologic  studies  using  peripheral  blood  mononuclear  cells 
(PBMC) ,  PBMC  are  harvested  from  blood  by  Ficoll-Hypaque  density  gradient 
centrifugation.   T  cell  and  non-T  cell  fractions  are  separated  using  Sephadex 
anti-(Fab')„  immuno absorb ant  affinity  columns.   PBMC  are  depleted  of 
monocytes  by  removing  cells  which  adhere  to  plastic,  by  removing  cells 
which  ingest  iron  particles  by  application  of  a  magnetic  field  or  by 
passing  cells  over  Sephadex  G-IO  columns.   Cell  fractions  are  characterized 
by  determining  the  proportions  which  form  rosettes  with  sheep  erythrocytes, 
have  surface  immunoglobulin  detected  by  immunofluorescence,  ingest  latex 
beads,  and  are  adsorbed  onto  a  surface  coated  with  insoluble  immune  complexes. 

3)  The  cytotoxic  capacity  of  lymphocytes  and  lymphocyte  subpopula- 
tions  harvested  from  peripheral  blood  is  assessed  in  an  in  vitro  cytotoxicity 
assay,  using  target  cells  which  include  Chang  human  hepatoma  cells  and  mouse 
EL-4  sarcoma  cells.   The  assay  involves  quantitating  ^^Cr  released  from 
labeled  target  cells  by  lymphocytes  from  normal  subjects  and  patients  run  in 
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parallel.   The  technique  is  used  to  assay  spontaneous  cell-mediated  cytotoxi- 
city (SCMC),  mitogen  induced  cellular  cytotoxicity  (MICC)  (using  phytohemag- 
glutinin,  concanavalin  A  and  pokeweed  mitogen)  and  antibody  dependent  cellular 
cytotoxicity  (ADCC)  (using  an  appropriate  anti-target  cell  antibody) . 

4)  The  capacity  of  the  reticuloendothelial  system  to  remove  from  the  cir- 
culation particles  by  non-specific  phagocytosis  and  immunospecif ic  mechanisms 

is  assessed.   Nonspecific  phagocytosis  is  determined  from  the  rate  of  disappear- 
ance of  a  test  dose  of  •'-'^-'l-microaggregated  albumin  from  plasma  and  hepatic 
blood  flow  from  the  rate  of  disappearance  of  a  tracer  dose  of  this  substance 
from  plasma.   Immunospecif ic  clearance  is  investigated  by  following  the  fate 
of  intravenously  administered  autologous  red  cells  labeled  with  -'■'-Cr  and 
coated  with  a  pure  IgM  or  Igf,  antibody  directed  against  ABO  or  Rh  antigens, 
respectively.   Clearance  of  IgM  coated  cells  occurs  largely  in  the  liver  and 
depends  on  the  interaction  between  C3b  deposited  ^  vivo  on  the  red  cell 
membrane  and  specific  C3b  receptors  on  Kupffer  cells,  while  clearance  of  IgG 
coated  cells  is  mediated  by  Fc-receptor-bearing  fixed  macrophages  in  the  spleen. 
After  clearance  IgG-coated  cells  undergo  phagocytosis,  whereas  IgM-coated 
cells  either  undergo  phagocytosis  or  release  back  into  the  circulation  as  C3d- 
coated  cells  as  a  result  of  the  action  of  circulating  C3b  inactivator. 

5)  The  regulation  of  immunoglobulin  synthesis  by  B  cells  is  studied 
by  quantitating  T  cell  mediated  help  and  suppression  of  pokeweed  mitogen- 
induced  immunoglobulin  synthesis  in  vitro.  This  is  achieved  by  culturing 
B  cells  with  unirradiated  or  irradiated  T  cells  at  different  T:B  cell 

ratios  and  measuring  IgO  and  IgM  in  culture  supernatants  using  sensitive  radio- 
immunoassays.  Immunoglobulin  synthesis  by  autologous  and  allogeneic  mixtures  of 
T  and  B  cells  from  patients  and  control  subiects  are  studied. 

6)  The  ability  of  T  cells  to  proliferate  when  cultured  with  either 
autologous  or  allogeneic  irradiated  non-T  cells  is  determined.   These 
phenonema  are  known  as  the  autologous  and  allogeneic  mixed  lymphocyte 
reactions  (MLR),  respectively.   Incorporation  of  H-thymidine  into  T  cells 
is  used  as  an  index  of  cell  proliferation. 

7)  The  surface  of  peripheral  blood  mononuclear  cells  and  B  cells  are  hapten- 
modified  by  treating  the  cells  with  trinitrobenzenesulf onic  acid. 

Major  Findings: 

1)  There  is  a  higher  incidence  of  skin  test  anergy  in  patients  with  PBC 
than  in  patients  with  chronic  active  hepatitis  and  controls.   This  anergy 
includes  the  response  to  de  novo  immunization  with  keyhole  limpet  hemocyanin. 

2)  The  cytotoxic  response  in  patients  with  PBC  and  HBsAg  negative 
chronic  hepatitis  is  not  specific  for  the  Chang  cell  and  does  not  indicate 
prior  sensitization  iii  vivo  to  antigens  on  this  target  cell. 

3)  In  contrast  to  chronic  hepatitis,  SCMC  of  lymphocytes  is  defective 
in  PBC.   There  is  no  defect  in  MICC  or  ADCC  in  either  disease.   In  both 
diseases  SCMC  and  ADCC  are  mediated  by  a  subpopulation  of  lymphocytes  which 
lack  surface  immunoglobulin  and  bear  Fc  receptors,  whereas  MICC  is  mediated 
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by  lymphocytes  which  lack  both  surface  immunoglobulin  and  Fc  receptors. 
Thus,  there  is  a  difference  in  cytotoxic  function  between  PBC  and  chronic 
hepatitis  in  that  the  former  but  not  the  latter  disease  is  associated  with 
a  defect  in  the  spontaneous  cytotoxic  function  of  lymphocytes  which  lack 
surface  immunoglobulin  but  bear  Fc  receptors. 

4)  Starting  with  peripheral  blood  mononuclear  cells,  depletion  of 
complement  receptor-bearing  cells  is  associated  with  enrichment  of  Fc 
positive  and  surface  immunoglobulin  negative  cells,  depletion  of  phagocytes 
and  surface  immunoglobulin  positive  cells  and  normal  or  enhanced  SCMC,  MICC 
and  ADCC.   In  contrast,  depletion  of  Fc  positive  cells  is  associated  with 
enrichment  of  complement  receptor-bearing  cells  and  virtually  no  capacity  to 
induce  SCMC  or  ADCC.   These  findings  indicate  that  at  least  the  majority  of 
cells  which  mediate  SCMC,  MICC  and  ADCC  do  not  bear  complement  receptors. 

5)  The  clearance  of  both  tracer  and  test  doses  of  microaggregated 
albumin  is  normal  in  patients  with  compensated  PBC,  alcoholic  cirrhosis  and 
HBsAg  negative  chronic  hepatitis,  indicating  normal  hepatic  blood  flow  and  a 
normal  non-specific  phagocytic  capacity  of  the  reticuloendothelial  system. 
The  rate  of  clearance  of  IgG-coated  radiochromated  autologous  red  cells  is 
normal  in  patients  with  compensated  HBsAg  negative  chronic  hepatitis  and 
alcoholic  cirrhosis.   However,  in  the  majority  of  patients  with  PBC,  the  rate 
of  clearance  of  these  cells  was  increased.   This  observation  may  imply  activa- 
tion of  the  reticuloendothelial  system  in  this  disease.   In  contrast,  the 
clearance  of  C3b-coated  radiochromated  autologous  red  cells  is  markedly  de- 
creased in  patients  with  compensated  PBC,  but  is  normal  in  patients  with 
compensated  HBsAg  negative  chronic  hepatitis,  alcoholic  cirrhosis  and  large 
duct  biliary  obstruction.   To  obtain  further  insight  into  this  clearance 
defect  in  PBC,  a  compartmental  model  of  the  C3b  receptor-mediated  clearance 
process  has  been  developed.   Using  computer  simulations  the  model  is  able  to 
account  for  the  observed  data  and  shows  that  the  major  determinant  of  the  defect 
is  a  decreased  rate  of  deposition  of  C3b-coated  cells  on  Kupffer  cell  receptors. 
The  defect  cannot  be  attributed  to  cholestasis,  to  deficiency  of  components  of 
the  classical  complement  pathway,  or  to  increased  activity  of  C3b-inactivator . 
However,  the  defect  may  be  due  to  a  decrease  in  the  number  or  affinity  of 
C3b-receptors  or  to  partial  saturation  of  these  receptors  by  excess  circulat- 
ing C3b  or  immune  complexes  containing  C3b. 

6)  Cultures  containing  unirradiated  T  cells  and  B  cells  from  normal 
individuals  show  augmentation  of  immunoglobulin  (Ig)  synthesis  at  low  T:B 
cell  ratios  (helper  T  cell  effect)  and  inhibition  of  Ig  synthesis  at  high  T:B 
cell  ratios  (suppressor  T  cell  effect) .   Cultures  containing  irradiated  T 
cells  from  normal  individuals  show  augmentation  of  Ig  synthesis  at  all  T:B 
cell  ratios  studied,  indicating  marked  reduction  of  suppressor  T  cell  function 
by  irradiation.   In  contrast,  cultures  containing  unirradiated  T  cells  and 
autologous  B  cells  from  patients  with  PBC  do  not  show  inhibition  of  Ig  syn- 
thesis at  high  T:B  cell  ratios,  but  instead  show  progressive  increases  in  Ig 
synthesis  with  increasing  T:B  cell  ratios  up  to  the  highest  T:B  cell  ratio 
studied  (10:1).   Ig  synthesis  by  cultures  containing  irradiated  T  cells  and 
autologus  B  cells  from  patients  with  PBC  is  similar  to  that  by  corresponding 
cultures  of  cells  from  normal  subjects.   Allogeneic  mixtures  of  cells  from 
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normal  individuals  and  patients  with  PBC  show  that,  while  B  cells  from  the 
maiority  of  patients  with  PBC  synthesize  normal  amounts  of  Ig  in  the  presence 
of  normal  T  cells,  T  cells  from  patients  with  PBC  cause  marked  enhancement 
of  le  synthesis  by  normal  B  cells.   Patients  with  other  liver  diseases 
characterized  by  chronic  cholestasis,  cirrhosis,  or  hepatocellular  necrosis 
do  not  exhibit  an  analogous  abnormality  of  Ig  synthesis  in  vitro  to  that 
found  in  PBC.   Thus,  PBC  is  associated  with  a  defect  of  immune  regulation 
characterized  by  abnormally  high  Ig  synthesis  by  cultures  of  autologous  T 
and  B  cells  at  high  T:B  cell  ratios.   This  defect  appears  to  be  due  to  a 
deficiency  of  suppressor  T  cell  function. 

7)  Patients  with  PBC  have  a  marked  deficiency  in  the  ability  to 
generate  the  autologous  mixed  lymphocyte  reaction  but  have  a  normal  ability 
to  generate  an  allogeneic  mixed  lymphocyte  reaction.   The  defect  in  the 
autologous  mixed  lymphocyte  reaction  is  not  due  to  a  serum  factor.   The 
deficiencies  of  both  suppressor  T  cell  function  and  the  autologous  mixed 
lymphocyte  reaction  in  PBC  could  be  due  to  a  common  defect  of  cell  inter- 
actions involved  in  the  generation  of  suppressor  effector  cells.   Such  a 
defect  could  play  an  important  role  in  the  pathogenesis  of  autoimmune  disease. 

8)  The  proliferative  responses  of  peripheral  blood  mononuclear  cells  (PBMC) 
and  T  cells  when  cultured  with  hapten-modif ied  irradiated  stimulator  cells  have 
been  determined.   The  stimulator  cells  were  autolous  PBMC  or  B  cell-enriched  PBMC, 
The  results  indicated  that  the  primary  but  not  the  secondary  proliferative 
response  is  decreased  in  PBC.   This  finding  suggests  that  in  PBC  there  is  a 
decreased  proliferative  response  of  a  subpopulation  of  suppressor  T  cells  which 
may  be  responsible  for  a  decreased  recognition  of  exogenous  antigens  in  associa- 
tion with  autologous  cell  surface  antigens. 

Significance  to  Biomedical  Research: 

Elucidation  of  the  pathogenic  mechanisms  which  initiate  and  sustain  the 
disease  processes  of  chronic  active  hepatitis  and  PBC  is  required  for 
the  development  of  more  rational  therapies.   Defined  initiating  factors  exist 
for  those  subgroups  of  chronic  active  hepatitis  which  are  associated  with 
HBsAg  and  which  follow  the  ingestion  of  certain  drugs,  whereas  initiating 
factors  are  unknown  for  most  of  the  remainder  of  patients  with  chronic  active 
hepatitis,  (-i.e.  patients  with  lupoid  hepatitis)  and  for  all  patients  with 
PBC.   The  processes  leading  to  sustained  disease  activity  are  unknown  in  both 
conditions.   Current  hypotheses  favor  immunologic  mechanism(s) .   These  hypo- 
theses, in  part,  stem  from  the  high  prevalence  of  abnormal  immunologic 
phenomena  in  both  diseases.   The  empiric  use  of  adrenal  corticosteroids  and 
other  immunosuppressive  therapies  in  these  diseases  appears  to  be,  at  least 
in  part,  a  reflection  of  this  view.   To  date,  existing  specific  hypotheses 
relating  to  the  pathogenesis  of  these  diseases  lack  experimental  confirmation. 
In  addition,  it  is  not  known  whether  certain  immunologic  abnormalities  found 
in  some  subgroups  of  patients  and  not  in  others  are  epiphenomena  or  are 
related  to  pathogenesis. 
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The  current  studies  are  designed  to  provide  a  comprehensive  immunologic 
evaluation  of  selected  patients  so  that  the  spectrum  of  immunologic  abnormali- 
ties associated  with  PBC  and  HBsAg  negative  lupoid  chronic  hepatitis  can  be 
defined  and  the  relationship  of  these  abnormalities  to  clinical  and 
histologic  variables  can  be  assessed.   In  addition,  hypotheses  of  specific 
pathogenic  mechanisms  are  tested.   The  significant  morbidity  and  mortality  of 
chronic  active  hepatitis,  the  apparently  uniform  mortality  of  symptomatic  PBC, 
and  the  inadequacies  of  all  current  therapies  in  both  conditions  emphasize  the 
need  for  information  which  throws  light  on  the  pathogenesis  of  these  diseases. 

Proposed  Course: 

Modern  sophisticated  immunologic  techniques  will  be  applied  to  define  in 
greater  depth  the  nature  and  significance  of  the  immunologic  defects  exhibited 
by  patients  with  HBsAg  negative  chronic  active  (lupoid)  hepatitis  and  PBC. 
Particular  emphasis  is  being  placed  on  investigating  siblings  of  patients  with 
PBC  to  assess  the  importance  of  hereditary  traits  in  this  disease  and  to 
facilitate  studies  requiring  the  mixing  of  HLA  identical  cells  from  normal 
subjects  and  patients  with  PBC. 

Publications  : 

1.  Jones,  E.A. ,  James,  S.P.,  Vierling,  J.M. :   Immunologic  function  in 
primary  biliary  cirrhosis:   Defects  recently  demonstrated  at  the 
National  Institutes  of  Health.   In  Chalmers,  T.C.  and  Berk,  P.D.  (Eds.): 
Frontiers  in  Liver  Diseases .   New  York,  Stratton  Intercontinental,  1981, 
pp.  283-304. 

2.  James,  S.P.,  Elson,  CO.,  Waggoner,  J.C,  Jones,  E.A.,  Strober,  S.: 
Deficiency  of  the  autologous  mixed  lymphocyte  reaction  in  patients  with 
primary  biliary  cirrhosis.   J.  Clin.  Invest.  66:   1305-1310,  1981. 

3.  Jones,  E.A.,  Vierling,  J.M.,  Steer,  C.J.:   Surface  receptors  on  hepatic 
sinusoidal  cells.   In  Popper,. H.,  Bianchi,  L.,  Gudat,  F.,  Renter,  W.  (Eds.) 
Communications  of  Liver  Cells.   Falk  Symposium  No.  27,  Lancaster,  England, 
MTP  Press  Ltd.,  1980,  pp.  211-227. 
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hepatocellular  disease.   The  protease  inhibitor   (Pi)  phenotypes  of  subjects 
donating  plasma  for  isolation  of  alAT  and  subjects  undergoing  alAT  turnover 
studies  have  been  determined.   The  fractional  catabolic  rates  of  M  alAT  from 
normal  subjects  (phenotype  PiMM)  and  Z  alAT  from  patients  with  alAT  deficiency 
(phenotype  PiZZ)  are  similar  in  both  normal  subjects  and  patients  with  alAT 
deficiency.   These  findings  imply  that  the  low  serum  alAT  concentration  in  alAT 
deficiency  is  due  to  impaired  hepatic  release  of  alAT  and  that  the  differences 
in  molecular  structure  between  the  Z  and  M  proteins  have  little  effect  on  the 
catabolism  of  alAT.   In  common  with  other  glycoproteins,  desialylated  (i.e. 
Ueuraminidase-treated)  alAT  is  rapidly  cleared  from  plasma  by  the  liver.   Pi 
phenotypes  have  been  determined  in  populations  of  patients  with  rheumatoid 
arthritis,  systemic  lupus  erythematosis,  Sjogren's  syndrome  and  hepatocellular 
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Project  Description: 

Objectives : 

Alpha- 1-antitrypsin  (:ilAT)  is  a  plasma  glycoprotein  which  contains  sialic 
acid  and  is  responsible  for  most  of  the  tryptic  inhibitory  capacity  of  plasma. 
The  objectives  of  this  study  are  to  obtain  data  on  the  metabolism  of  alAT  in 
normal  subjects  (protease  inhibitor  [Pi]  phenotype  MM),  patients  with  alAT 
deficiency  (PiZZ) ,  relatives  of  PiZZ  individuals  with  one  Z  gene  and  patients 
with  hepatocellular  disease  unassociated  with  alAT  deficiency.   The  possibility 
that  the  degree  of  sialylation  of  this  protein,  which  is  less  in  PiZZ  than  PiMM 
individuals,  influences  its  metabolism  iji  vivo  will  be  investigated  by  com- 
paring the  metabolism  of  ctlAT's  isolated  from  PiMM  and  PiZZ  individuals  in  the 
same  subjects  and  by  studying  the  metabolism  of  ctlAT  which  has  been  desialyl- 
ated  in  vitro.   The  necessity  to  perform  Pi  phenotyping  for  these  studies 
permits  additional  studies  in  which  the  distribution  of  Pi  phenotypes  in 
selected  populations  is  determined. 

Methods  Employed: 

1)  Pi  phenotypes  are  determined  by  acid  starch  gel  electrophoresis 
followed  by  crossed  immunoelectrophoresis  using  a  specific  anti-serum  to  alAT 
and  by  slab  gel  isoelectric  focusing  in  acrylamide. 

2)  alAT  is  isolated  from  plasma  using  (NH,)^SO,  precipitation,  gel 
exclusion  chromatography,  Concanavalin  A  affinity  chromatography,  DEAE  ion 
exchange  chromatography  and  affinity  chromatography  using  blue  dextran  and 
activated  thiol  exchange. 

3)  The  purity  of  isolated  alAT  is  determined  using  crossed  immuno- 
electrophoresis, polyacrylamide  gel  electrophoresis  and  isoelectric  focusing. 
Its  biological  activity  is  assessed  by  a  kinetic  assay  of  tryptic  inhibitory 
capacity  using  an  artificial  substrate. 

4)  To  quantitate  the  turnover  of  alAT  in  man,  pure  biologically  active 
cxlAT  trace  labeled  with  radioiodine  is  administered  intravenously  and  serial 
measurements  of  radioactivity  in  the  whole  body,  plasma  and  urine  are  analyzed. 

Major  Findings: 

1)  Isolated  (PiMM)  alAT  has  been  shown  to  be  immunochemical ly  pure  and 
to  retain  both  its  characteristic  electrophoretic  microheterogeneity  on  acid 
starch  gel  electrophoresis  and  its  ability  to  inhibit  trypsin. 

2)  The  half  life  of  radioiodinated  human  (PiMM)  alAT  in  the  plasma  of 
rabbits  varied  from  8.7  to  10.4  hours  whereas  that  of  the  same  protein  after 
desialylation  was  less  than  10  minutes. 

3)  Ranges  for  pool  sizes,  transfer  rates  between  pools  and  synthetic  and 
fractional  catabolic  rates  of  alAT  in  normal  subjects  have  been  determined. 
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4)  In  turnover  studies  of  MM  alAT  in  normal  (PiMM)  volunteers,  the  serum 
concentration  of  alAT  was  shown  to  vary  independently  of  its  fractional 
catabolic  rate  suggesting  that  a  constant  volume  of  plasma  is  cleared  of  a  AT 
per  unit  time.   Analysis  of  the  turnover  data  indicated  that  a  AT  is 
catabolized  in,  or  in  close  relationship  to,  the  intravascular  compartment. 

5)  In  analogous  studies  in  normal  volunteers  the  desialylated  protein 
was  shown  to  be  removed  from  plasma  approximately  150  times  faster  than  the 
intact  protein.   Its  rapid  disappearance  from  plasma  was  associated  with  an 
equally  rapid  uptake  of  the  radioiodine  label  by  the  liver.   This  finding 
emphasizes  that  the  catabolism  of  alAT  can  be  influenced  by  the  molecular 
structure  of  the  carbohydrate  moiety  and  suggests  that  hepatic  receptors  for 
desialylated  glycoproteins  exist  in  the  human  liver. 

6)  A  patient  with  the  rare  Pi  phenotype  SZ,  alAT  deficiency  and 
cirrhosis  associated  with  globules  of  alAT  material  in  his  hepatocytes  was 
shown  to  have  appreciable  hepatic  copper  overload,  chronic  fibrosing  inter- 
stitial pneumonitis  and,  terminally,  a  hepatocellular  carcinoma. 

7)  The  fractional  catabolic  rate  of  the  Z  protein  in  patients  with  alAT 
deficiency  is  similar  to  that  of  the  M  protein  in  normal  subjects.   Further- 
more, the  fractional  catabolic  rates  of  the  M  protein  in  patients  with  alAT 
deficiency  and  of  the  Z  protein  in  normal  subjects  are  similar  to  that  of  the 
M  protein  in  normal  subjects.   Thus,  the  low  serum  concentration  of  alAT  in 
alAT  deficiency  is  due  to  impaired  hepatic  release  of  alAT  rather  than  hyper- 
catabolism  of  alAT.   Futhermore,  differences  in  the  molecular  structure  of 
the  Z  and  M  proteins  do  not  affect  the  catabolism  of  alAT  to  any  appreciable 
extent. 

8)  No  significant  increase  in  non-MM  Pi  phenotypes  was  found  in  37 
patients  with  rheumatoid  arthritis  and  40  patients  with  systemic  lupus  erythe- 
matosus suggesting  that  particular  Pi  types  neither  predispose  to  the  develop- 
ment nor  enhance  the  severity  of  these  diseases. 

9)  No  significant  increase  in  non-MM  Pi  phenotypes  was  found  in  52 
patients  with  Sjogrens  syndrome.   Mean  values  for  tests  of  pulmonary  function, 
including  estimates  of  both  restrictive  lung  disease  and  airway  obstruction 
were  not  significantly  different  for  patients  with  Sjogren's  syndrome  who  had 
the  Pi  MM  phenotype  and  those  with  non-MM  Pi  phenotypes.   Thus,  patients  with 
Sjogren's  syndrome  who  have  non-MM  Pi  phenotypes  (partial  alAT  deficiency) 

do  not  appear  to  have  an  increased  susceptibility  to  develop  chronic  obstruc- 
tive pulmonary  disease. 

Significance  to  Biomedical  Research: 

Homozygous  alAT  deficiency  (phenotype  PiZZ)  may  be  associated  with 
cholestasis  in  the  neonatal  period,  cirrhosis,  liver  cell  carcinoma  and 
emphysema  at  a  young  age.   In  this  condition,  hepatocytes  have  been  shown  to 
contain  globules  of  alAT-like  material  which  is  devoid  of  sialic  acid,  and 
the  alAT  in  plasma,  which  is  present  in  abnormally  low  concentration,  has 
also  been  shown  to  have  a  reduced  content  of  sialic  acid.   The  relationship 
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of  the  characteristic  hepatic  globules  and  the  low  plasma  concentration  of 
alAT  to  the  hepatic  lesions  associated  with  alAT  deficiency  is  unknown.   This 
study  is  designed  to  investigate  the  metabolism  of  alAT  in  alAT  deficiency. 
The  relationship  of  the  characteristic  hepatic  globules  to  the  rate  at  which 
alAT  is  delivered  to  plasma  and  to  the  concentration  of  cilAT  in  plasma  is 
assessed.   In  addition,  the  contribution  of  increased  catabolism  or  hepatic 
upcake  of  alAT  to  reduced  plasma  concentrations  of  ctlAT  is  determined.   The 
study  determines  the  effect  of  certain  differences  in  the  molecular  structure 
of  alAT  (e.g.  different  degrees  of  sialylation)  on  its  rate  of  endogenous 
catabolism  and  hepatic  uptake.   In  particular,  the  hypothesis  that  there  are 
hepatic  receptors  for  exposed  galactose  residues  on  desialylated  glycoproteins 
which  facilitate  the  rapid  hepatic  clearance  of  these  proteins  is  tested  in 
man. 

The  observation  that  desialylated  glycoproteins  appear  to  be  metabolized 
by  hepatic  lysosomes  suggests  that  measurements  of  hepatic  radioactivity  after 
administering  a  radioiodinated  desialylated  glycoprotein  such  as  ctlAT  could  be 
used  as  a  test  for  hepatic  lysosomal  function. 

The  determination  of  Pi  phenotypes  enables  the  frequency  distribution  of 
this  genetic  marker  to  be  determined  in  well-defined  populations  of  patients. 

Proposed  Course: 

Pi  phenotypes  of  sera  from  a  large  number  of  black  South  African  patients 
with  hepatocellular  carcinoma  and  from  age  and  sex  matched  healthy  black 
South  Africans  are  being  determined  to  assess  whether  the  incidence  of  any 
particular  Pi  phenotypes  is  increased  in  the  patient  population. 

Publications : 

1.  Karsh,  J.,  Moutsopoulos ,  H.  M. ,  Vergalla,  J.,  Jones,  E.  A.:  Protease 
inhibitor  phenotypes  and  pulmonary  disease  in  patients  with  Sjogren's 
syndrome.   Respiration  41:   60-65,  1981. 
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is  attributed  to  the  receptor  for  desialylated  glycoproteins  (hepatic  binding 
protein,  HBP)  on  the  surface  of  hepatocytes  interacting  with  its  specific 
ligands  on  the  surface  of  DL.   Purified  HBP  increases  the  cytotoxicity  of  DL  to 
target  cells  which  do  not  bear  HBP  on  their  surface  presumably  by  an  analogous 
mechanism.   Infused  desialylated  periperal  blood  mononuclear  cells  (PBMC)  and  DL 
are  selectively  taken  up  by  the  liver  in  rabbits.   The  phenomenon  is  unaffected 
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PBMC  with  IgG-Fab  fragments.   These  findings  suggest  that  the  selective  hepatic 
iuptake  of  desialylated  PBMC  or  DL  is  not  mediated  by  HBP.   They  are  compatible 
with  desialylated  PBMC  or  DL  becoming  coated  with  naturally  occurring  antibodies 
in  vivo  with  the  result  that  subsequent  recognition  of  cell  bound  antibody  by 
Fc  receptors  on  Kupffer  cells  mediates  their  selective  hepatic  uptake. 
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Project  Description: 

Objectives : 

Hepatic  binding  protein  (HBP) ,  a  normal  constituent  of  the  surface 
membrane  of  mammalian  hepatocytes,  can  induce  mitogenesis  in  desialylated 
lymphocytes.   This  project  is  designed  to  determine  whether  HBP  has  additional 
immunologic  properties  such  as  the  ability  to  induce  desialylated  lymphocytes 
to  become  cytotoxic,  that  is  to  mediate  mitogen-induced  cellular  cytotoxicity 
(Mice).   Desialvlated  lymphocytes  are  selectively  taken  up  by  the  liver. 
Studies  are  designed  to  determine  the  probable  mechanism  of  this  phenomenon, 
including  the  role,  if  any,  of  HBP. 

Methods  Employed: 

HBP  is  isolated  in  a  pure  form  from  rabbit  liver  using  affinity  chroma- 
tography.  HBP  in  the  surface  membranes  of  hepatocytes  is  measured  by  its 
ability  to  bind  125x_asiaio-orosomucoid.   For  assays  of  cytotoxicity  lympho- 
cytes are  isolated  from  the  blood  of  normal  human  volunteers  by  centrifugation 
over  Ficoll-Hypaque.   Lymphocytes  are  desialylated  by  incubating  with  neura- 
minidase.  Two  in  vitro  assays  of  cytotoxicity  are  used.   One  measures  the 
release  of  radioactivity  from  -^-"-Cr-labeled  nucleated  target  cells  after  their 
incubation  with  effector  cells  in  the  presence  or  absence  of  mitogens.   The 
other  measures  the  loss  of  ability  of  target  cells  to  adhere  to  plastic  after 
incubation  with  effector  cells.   Viability  of  both  effector  and  target  cells 
is  measured  by  the  ability  of  cells  to  exclude  the  dye  trypan  blue.   Chang 
cells  are  used  as  nonspecific  nucleated  target  cells.   Pure  rabbit  hepatocytes, 
isolated  by  perfusing  the  liver  in  situ  with  a  solution  containing  collagenase 
and  hvaluronidase,  are  used  as  hepatospecif ic  target  cells  containing  exposed 
HBP  on  their  surface  membrane. 

After  the  infusion  of   Cr-labeled  desialylated  and  normal  peripheral 
blood  mononuclear  cells  (PBMC)  and  lymphocytes  into  rabbits  the  fate  of 
labeled  cells  is  determined  from  measurements  of  radioactivity  in  plasma, 
liver  and  other  organs.   The  effects  of  complement  depletion  using  Cobra 
venom  factor  and  preincubation  with  IgG-Fab  fragments  on  the  hepatic  uptake  of 
labeled  desialylated  PBMC  are  quantitated. 

Maior  Findings: 

1.   Cytotoxicity  of  desialylated  lymphocytes  against  nonspecific 
nucleated  target  cells  in  the  presence  of  HBP  is  equivalent  to  that  in  the 
presence  of  the  powerful  plant  mitogen  phytohemagglutinin  and  is  much  greater 
than  that  induced  by  these  cells  in  the  absence  of  HBP.   Having  shown  that 
isolated  rabbit  hepatocytes  contain  exposed  HBP  in  their  surface  membrane,  it 
was  found  that  a  much  greater  proportion  of  these  cells  lose  their  ability  to 
adhere  to  plastic  after  incubation  with  desialvlated  lymphocytes  than  after 
incubation  with  normal  untreated  lymphocytes.   This  effect  of  desialylated 
lymphocytes  was  specifically  inhibited  by  asialo-orosomucoid,  a  desialylated 
glycoprotein,  but  not  by  intact  orosomucoid.   These  findings  indicate  that  HBP 
can  mediate  MICC  not  only  as  a  purified  protein  but  also  as  a  constituent  of 
the  surface  membrane  of  a  mammalian  hepatocyte. 
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2.   The  selective  hepatic  uptake  of  the  label  of   Cr-labeled  desialylated 
peripheral  blood  mononuclear  cells  (PBMC)  and  desialylated  lymphocytes  has 
been  demonstrated  in  the  rabbit.   This  phenonenon  does  not  appear  to  be  due 
to  the  specific  interaction  between  exposed  galactose  residues  on  the  surface 
of  the  desialylated  cells  and  HBP  which  specifically  recognizes  exposed 
galactose  residues  on  desialylated  glycoproteins,  since  sinusoidal  cells, 
which  come  into  contact  with  circulating  desialylated  cells  do  not  bind 
desialylated  glycoproteins  and  hence  do  not  bear  HBP.   Consistent  with  this 
reasoning  is  the  observation  that  after  infusions  of  desialylated  lymphocytes 
into  rabbits  neither  serial  values  for  serum  transaminases  nor  hepatic 
histology  were  indicative  of  hepatocellular  injury.   Naturally  occurring 
antibodies  exist  in  normal  plasma  which  specifically  recognize  antigens 
exposed  on  the  surface  of  lymphocytes  by  desialylation.   These  antibodies 
probably  do  not  mediate  the  selective  hepatic  uptake  of  desialylated  cells 
through  the  action  of  complement  as  complement  depletion  of  rabbits  in  vivo 
was  without  effect  on  the  hepatic  uptake  of  the  label  of  ^-^Cr-labeled  desialy- 
lated cells.   However,  preincubation  of  labeled  desialylated  PBMC  with  rabbit 
IgG  Fab  fragments  reduced  the  hepatic  uptake  of  the  label  of  these  cells  to 
that  of  the  label  of  ^^Cr-labeled  intact  ^BMC,  suggesting  that  the  Fab  frag- 
ments were  able  to  bind  to  exposed  antigens  on  desialylated  cells  and  inhibit 
binding  of  circulating  antibodies  to  these  antigens.   These  findings  are 
com.patible  with  the  hypothesis  that  desialylated  PBMC  or  lymphocytes  in  vivo 
become  coated  with  naturally  occurring  antibodies  with  subsequent  recognition 
of  cell-bound  antibody  by  Fc  receptors  on  Kupffer  cells  mediating  their 
selective  hepatic  uptake. 

Significance  to  Biomedical  Research: 

For  the  first  time  MICC  has  been  shown  to  be  mediated  by  a  normal  consti- 
tuent of  the  surface  membrane  of  a  mammalian  cell.   The  results  of  these 
studies  demonstrate  that  a  minor  structural  change  in  the  surface  membrane  of 
lymphocytes  might  result  in  their  becoming  cytopathogenic  when  exposed  to 
normal  hepatocytes.   Thus  MICC  may  be  a  mechanism  of  hepatocellular  injury  in 
vivo.   This  observation  raises  the  possibility  that  interaction  between  a 
variety  of  constituents  of  normal  cell  membranes  and  lymphocytes  whose  surface 
membranes  have  undergone  subtle  structural  changes  may  be  a  mechanism  of 
immune-mediated  cellular  injury  in  human  disease. 

The  clearance  of  desialylated  lymphocytes  by  Fc  receptors  on  Kupffer  cells 
in  vivo  may  prevent  the  mediation  of  hepatocellular  injury  by  the  interaction 
of  desialylated  lymphocytes  with  HBP  on  the  surface  of  hepatocytes.   This 
may  be  particularly  significant  since  the  enzyme  responsible  for  desialyla- 
tion, neuraminidase,  appears  to  be  widely  distributed  in  vivo  and  occurs 
in  organisms  pathogenic  to  man  such  as  the  influenza  virus.   The  coating 
of  desialylated  cells  by  naturally  occurring  antibodies  i^  vivo  and  their  sub- 
sequent accelerated  clearance  from  the  circulation  by  Fc  receptors  on  Kupffer 
cells  may  be  a  general  phenomenon  which  applies  to  all  formed  elements  of 
the  blood  including  platelets.   For  instance,  it  may  be  a  physiologic  mechanism 
for  the  removal  of  senescent  red  cells  from  the  circulation  as  the  surface 
membrane  of  such  cells  contains  much  less  sialic  acid  than  the  surface  membrane 
of  young  red  cells. 
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Proposed  Course: 

No  further  studies  are  planned. 

Publications : 

1.  Steer,  C.J.,  James,  S.P.,  Vierling,  J.M. ,  Rosea,  S.W.,  Jones,  E.A. : 

The  selective  hepatic  uptake  of  desialylated  peripheral  blood  mononuclear 
cells  in  rabbits.   Gastroenterology  79:   917-923,  1980. 

2.  Jones,  E.A. ,  Summerfield,  J. A.:   Kupffer  cells.   In  Arias,  M.,  Popper,  H., 
Shafritz,  D. ,  Schacter,  D. ,  Jakobv,  N.  (Eds.):   The  Liver:  Biology  and 
Pathobiology .   New  York,  Raven  Press,  1981  (in  press). 
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tons  of  endothelial,  Kupffer  and  parenchymal  cells  have  been  prepared  by  colla- 
genase  liver  perfusion,  centrifugation  on  Percoll  gradients  and  centrifugal 
elutriation.   l^Sj.j^abeled  agalactoorosomucoid  (AGOR) ,  an  N-acetylglucosamine- 
termined  glycoprotein,  is  selectively  and  specifically  taken  up  j^  vitro  by 
endothelial  cells.   Glucose  competitively  inhibited  this  uptake  process  over  a 
wide  range  of  concentrations.   Uptake  by  cells  from  fasted  rats  was  enhanced,  but 
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These  findings  indicate  that  1)  the  hepatic  receptors  which  recognize  N-acetyl- 
glucosamine/mannose  terminated  glycoproteins  are  located  on  endothelial  cells, 
2)  these  receptors  are  glucose  sensitive,  3)  fasting  increases  the  number  of 
these  receptors  and  4)  diabetes  mellitus  abolishes  this  effect  of  fasting  and 
impairs  the  function  of  this  receptor  in  vivo. 
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Project  Description: 

Objectives: 

This  study  was  designed  to  determine  whether  receptors  for  modified 
glycoproteins,  other  than  the  receptor  previously  described  for  galactose- 
terminated  glycoproteins  (HBP),  exist  in  the  mammalian  liver.   It  was  also 
designed  to  assess  the  distribution  of  receptors  for  modified  glycoproteins, 
including  HBP,  between  parenchymal  and  non-par enchymal  hepatic  cells.   The 
potential  implications  of  these  receptors  to  clinical  medicine  have  been  the 
subject  of  additional  studies.   In  particular,  the  effects  of  modifying  the 
carbohydrate  moiety  of  glucocerebrosidase,  the  enzyme  deficient  in  Gaucher 's 
disease,  on  its  cellular  distribution  within  the  liver  after  infusion  have  been 
determined.   The  cell  type  responsible  for  the  rapid  hepatic  clearance  of  a 
lysosomal  enzyme  (g-hexosamindase  A)  and  the  glycosyl  specificity  of  this 
process  has  also  been  investigated. 

Using  isolated  hepatocytes  the  intracellular : cell  surface  membrane 
distribution  ratio  of  HBP,  the  stability  of  HBP  and  the  ability  of  HBP  to 
recycle  between  the  cell  membrane  and  intracellular  structures  have  been 
studied. 

The  cellular  location  and  carbohydrate  specificies  of  hepatic  receptors 
which  recognize  N-acetylglucosamine  and  mannose-terminated  glycoproteins  have 
been  determined. 

Methods  Employed: 

1)  Suspensions  of  hepatic  cells  are  obtained  from  rat  liver  after  in 
situ  perfusion  with  a  solution  of  collagenase.   Parenchymal  cells  (hepatocytes) 
are  subsequently  isolated  from  cell  suspensions  by  centrifugation  on  Percoll 
gradients.   Kupffer  cells  and  endothelial  cells  are  separated  by  centrifugal 
elutriation. 

2)  For  binding  studies,  the  carbohydrate  moiety  of  native  glycoproteins 
is  modified  by  incubations  with  appropriate  enzymes  (neuraminidase,  3- 
galactosidase,  N-acetylglucosaminidase) . 

3)  Glucocerebrosidase  activity  is  assayed  in  detergent  buffered 
extracts  of  sonicated  cells. 

4)  Glycoproteins  are  radioiodinated  using  a  solid  phase  lactoperoxidase 
glucose  oxidase  system. 

5)  Standard  assay  techniques  are  employed  to  determine  the  uptake  of 
labeled  ligands  by  cells  incubated  in  vitro.   The  amount  of  unlabeled  ligand 
mixed  with  the  appropriate  labeled  ligand  is  varied.   Catabolism  of  labeled 
ligands  is  assessed  by  measuring  the  accumulation  of  acid  soluble  radioactivity 
in  the  incubation  medium. 

125 

6)  To  study  the  kinetics  of  binding  of    I-labeled  galactose  terminated 

glycoproteins  to  HBP,  isolated  hepatocytes  are  maintained  in  suspension. 
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Cvcloheximide  is  used  to  inhibit  protein  synthesis  by  such  cells.   Cells  are 
subjected  to  detergent  solubilization  to  determine  the  total  amount  of  HBP 
in  hepatocytes  (intracellular  and  surface  membrane) . 

7)  Isolated  cells  are  characterized  by  staining  with  specific  histo- 
chemical  stains,  measuring  the  activities  of  specific  cell  enzymes  and  assessing 
the  presence  of  cell  surface  receptors  for  C3b  and  IgG-^c  by  determining  the 
ability  of  cells  to  form  rosettes  with  sheep  erythrocytes  coated  with  IgG  or  IgM 
and  complement. 

8)  Flow  cytometry  is  performed  in  a  cell  sorter. 

9)  Studies  of  the  metabolism  of  labeled  ligands  in  vivo  are  conducted 
using  a  standard  protocol  for  determining  the  turnover  and  fate  of  a  tracer  dose 
of  labeled  ligand  administered  by  intravenous  injection. 

Major  Findings: 

1)  Significant  binding  of  galactose,  but  neither  N-acetylglucosamine 
nor  mannose-terminated  orosomucoid  to  intact  hepatocytes  was  demonstrated. 
Non-parenchymal  cells  did  not  bind  galactose-terminated  orosomucoid  but  bound 
significant  amounts  of  N-acetylglucosamine  and  mannose-terminated  orosomucoid. 
Thus,  Kupffer  cells  lack  a  receptor  for  galactose-terminated  glycoproteins. 
Carrier  dilution  studies  indicated  the  presence  of  a  distinct  receptor  for 
galactose-terminated  glycoproteins  on  hepatocytes  and  a  distinct  receptor 
with  mannose  specificity  on  non-parenchymal  cells. 

2)  The  carbohydrate  moiety  of  the  enzyme  glucocerebrosidase  can  be 
modified  without  the  glycoprotein  losing  enzyme  activity.   Galactose- 
terminated  glucocerebrosidase  is  preferentially  taken  up  by  hepatocytes. 
Exposure  of  N-acetylglucosamine  or  mannose  sugar  residues  markedly  augments 
the  uptake  of  glucocerebrosidase  by  non-parenchymal  hepatic  cells. 

3)  The  rapid  in  vivo  hepatic  uptake  of  the  glycoprotein  S-hexosaminidase 
A  exhibits  mannose  specificity.   ^  vitro  no  uptake  of  this  enzyme  by  hepato- 
cytes is  detectable,  whereas  there  is  appreciable  uptake  of  the  enzyme  by 
sinusoidal  cells.   This  uptake  process  also  exhibits  mannose  specificity. 

The  kinetics  of  uptake  of  S-hexosaminidase  A  and  mannose-terminated  orosomu- 
coid by  sinusoidal  cells  are  similar. 

4)  Of  the  total  HBP  in  rat  hepatocytes  5%  is  on  the  cell  surface  and 
95%  is  intracellular.   The  average  time  an  individual  HBP  receptor  remains 
on  the  cell  surface  is  3  minutes.   More  ^^Sx-iabeled  galactose-terminated 
glycoprotein  is  metabolized  in  hepatocytes  per  unit  time  than  can  be  bound  by 
the  total  number  of  intracellular  and  surface  membrane  HBP  receptors  under 
conditions  of  inhibition  of  protein  synthesis.   This  finding  indicates  that 
HBP  exhibits  no  down  regulation  and  suggests  that  the  receptor  is  either 
recycled  or  is  re-utilized  at  its  plasma  membrane  site. 

5)  Cells  in  Kupffer  cell  preparations  have  a  larger  modal  cell  volume  and 
protein  content  per  cell  than  cells  in  endothelial  cell  preparations.   A  much 
higher  proportion  of  Kupffer  cells  than  endothelial  cells  are  in  a  proliferative 
phase  of  the  cell  cycle.   Large  proportions  of  cells  in  Kupffer  cell  fractions 
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stain  positively  for  endogenous  peroxidase  and  tartrate  resistant  acid  phospha- 
tase and  possess  surface  receptors  for  C3b  and  IgG-"Pc. 

6)  Fasting  prior  to  isolation  of  cells  decreases  the  recovery  of  endothe- 
lial cells  by  60%  and  of  Kupffer  cells  by  32%.  Kupffer  cells  isolated  from  fasted 
animals  have  a  larger  modal  cell  volume  than  those  isolated  from  fed  animals. 
Diabetes  mellitus  reduces  the  recovery  of  endothelial  cells  by  50%. 

125 

7)  I-labeled  agalactoorosomucoid  (AGOR) ,  an  N-acetylglucosamine  termin- 
ated glycoprotein  is  selectively  taken  up  by  endothelial  cells.   This  process  is 
protein  dependent,  calcium  ion  dependent,  saturable  and  can  be  described  by 
Michaelis-Menton  kinetics.   It  is  inhibited  by  N-acetylglucosamine,  mannose, 
mannan,  glucose,  fructose  and  a  glucose-albumin  con-jugate. 

8)  Fasting  of  normal  rats  increases  the  number  of  receptors  for  AGOR  on 
isolated  endothelial  cells.  This  effect  of  fasting  was  abolished  by  inducing 
diabetes  mellitus. 

125 

9)  The  plasma  disappearance  rate,  hepatic  uptake  and  cataboslim  of     I- 

AGOR  are  slower  in  diabetics  than  normal  rats. 

Significance  to  Biomedical  Research: 

Hepatic  receptors  for  glycoproteins  with  different  terminal  sugar 
residues  may  be  of  importance  in  the  catabolism  of  glycoproteins  and  in 
the  hepatic  uptake  of  cells  with  modified  glycoproteins  on  their  surface 
membrane.   The  ability  to  manipulate  the  cellular  distribution  of  an  infused 
glycoprotein  enzyme  by  modifying  its  carbohydrate  moiety  may  be  of  clinical 
importance  in  enzyme  replacement  therapy.   For  instance,  in  Gaucher 's 
disease,  in  which  there  is  a  deficiency  of  the  enzyme  glucocerebrosidase, 
glucocerebroside  accumulates  in  Kupffer  cells.   Increased  uptake  of  infused 
glucocerebrosidase  by  Kupffer  cells  may  be  achieved  by  exposing  mannose  as  the 
terminal  sugar  of  its  carbohydrate  moiety.   Receptor  mediated  hepatic  clear- 
ance of  lysosomal  enzymes,  such  as  g-hexosaminidase  A,  may  be  of  physiologic 
importance  in  preventing  the  accumulation  in  the  circulation  of  potentially 
autodestructive  enzymes.   Studies  of  the  kinetics  of  the  interactions  of  HBP 
with  its  specific  ligands  provide  important  insights  into  the  properties  of 
receptors  in  general,  e.g.  the  recycling  of  receptors.   The  finding  that 
a  glycoprotein  recognition  system  on  hepatic  endothelial  cells  can  be  modulated 
by  glucose  and  a  glucose-albumin  con-jugate  suggests  a  mechanism  for  abnormal 
glycoprotein  metabolism  in  diabetes  mellitus. 

Proposed  Course: 

Future  studies  include  1)  an  assessment  whether  the  receptor  (hepatic 
binding  protein)  on  hepatocytes  which  specifically  recognizes  galactose-terminat- 
ed  glycoproteins  is  glucose  sensitive  and  2)  determinations  whether  the  glucose 
sensitive  glycoprotein  recognition  system  on  hepatic  endothelial  cells  recog- 
nizes spontaneously  glycosylated  proteins. 
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Publications : 


Jones,  E.A.,  Vierling,  J.M.,  Steer,  C.J. :   Surface  receptors  on  hepatic 
sinusoidal  cells.   In  Popper,  H.,  Bianchi,  L.  ,  Hudat,  ^. ,  Reutter,  W.  (Eds.) 
Communication  of  Liver  Cells.   Lancaster,  England,  MTP  Press  Ltd.,  1981, 
pp.  211-227. 

Jones,  E.A.,  Summerfield,  J. A.:   Kupffer  cells.   In  Arias,  I.M.,  Popper,  H,  , 
Shafritz,  D. ,  Schacter,  W.,  Jacoby,  W.  (Eds.):   The  Liver:   Biology  and 
Pathobiology.   New  York,  Raven  Press,  1981,  (in  press). 
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SUMMARY  OF  WORK  200  words  or  less  -  underline  keywords)   .       .       .   .     ,       .^. 

Patients  with  histologically  confirmed  chifonic  HBsAg  positive  hepatitis  are 
being  studied.   A  total  of  78  patients  have  been  evaluated  and  37  followed  for  at 
least  one  year.   Twenty  to  thirty  percent  of  patients  undergo  spontaneous  resolu- 
tion of  their  chronic  hepatitis  disease  activity  each  year.   This  resolution  is 
associated  with  seroconversion  from  HBeAg  to  anti-HBe.   Therapeutic  trials  of 
the  antiviral  drug,  adenine  arabinoside  monophosphate  (Ara-AMP)  are  being  under- 
taken.  In  an  iniital  study  in  which  a  ten-day  course  of  the  drug  was  given  there 
was  a  uniform  and  prompt  decrease  in  the  levels  of  circulating  hepatitis  B  virus 
DNA-polymerase  and  DNA.   However,  in  only  17%  of  patients  was  the  response  long 
lasting.   As  the  amount  of  Ara-AMP  given  in  this  first  trial  may  have  been  in- 
sufficient for  an  optimum  response  to  have  occurred,  a  second  randomized  con- 
trolled study  is  being  undertaken  to  evaluate  a  28-day  course  of  therapy.   The 
role  of  immunologic  mechanisms  in  the  development  of  the  chronic  HBsAg  carrier 
state  is  being  investigated. 
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Proiect  Description: 

Objectives: 

1)  This  study  is  designed  to  establish  a  ^roup  of  patients  with  well 
characterized  chronic  HBsAp,-positive  hepatitis  in  preparation  for  treatment 
trials  with  antiviral  agents. 

2)  Experiments  are  also  designed  to  determine  if  subjects  in  whom  HBsAg 
persists  after  hepatitis  B  infection  have  specific  immunologic  defects,  such 
as  an  impaired  ability  to  synthesize  anti-HBs  or  impaired  helper  or  suppressor 
T  cell  function. 

Methods  Employed: 

1)  Radioimmunoassays  have  been  established  for  the  detection  and  quantifi- 
cation of  hepatitis  B  surface  antigen  (HBsAg) ,  hepatitis  B  e  antigen  (HBeAg) , 
antibody  to  HBsAg  (anti-HBs) ,  antibody  to  hepatitis  B  core  antigen  (anti-HBc) 
and  antibody  to  HBeAg  (anti-HBe) . 

2)  IgG  and  IgM  classes  of  antibodies  are  separated  using  sucrose  density 
gradient  ultracentrifugation  and  measured  by  radioimmunoassays, 

3)  Hepatitis  B  virus  DNA  polymerase  is  measured  by  an  enzymatic  assay. 

4)  Techniques  of  DNA  hybridization  are  being  applied  to  measure  specific 
hepatitis  B  virus  DNA. 

5)  Needle  biopsies  of  the  liver  are  processed  for  light,  immunofluorescence 
and  electron  microscopy. 

6)  Peripheral  blood  mononuclear  cells  (PBMC)  are  isolated  by  Sephadex  anti- 
(Fab')^  affinity  chromatography.   PBMC  are  cultured  for  10  days  in  the  presence 
of  pokeweed  mitogen  and  IgG,  IgM,  anti-HBs  and  anti-HBc  measured  in  culture 
supernatants  using  radioimmunoassays. 

7)  To  study  the  regulation  of  immunoglobulin  synthesis  by  B  cells  in  vitro 
B  and  T  cells  are  incubated  for  10  days  in  the  presence  of  pokeweed  mitogen  and 
IgG  and  IgM  measured  in  culture  supernatants  using  enzyme-linked  immunosorbent 
assays  (ELISA).   The  T:B  cell  ratio  in  cultures  is  varied  to  study  helper  (low 
ratios,  e.g.  <  1:1)  and  suppressor  (high  ratios,  e.g.  10:1)  effects.   T  cells  are 
irradiated  to  abolish  selectively  suppressor  T  cells. 

Major  Findings: 

1)   Seventy-eight  HBsAg-positive  persons  have  been  enrolled  in  this  project. 
Thirty  seven  have  been  followed  for  at  least  one  year.   Only  one  of  the  78  has 
lost  HBsAg-reactivity  during  follow-up.   However,  many  patients  have  demonstrated 
a  sponteous  improvement  in  their  underlying  chronic  hepatitis.   In  following 
patients  prospectively,  we  have  found  that  these  spontaneous  improvements  are 
preceeded  by  a  change  in  serological  markers  in  the  serum.   In  every  case  of 


990 


ZOl  AM  53,509-03  DDE 
spontaneous  improvement  (as  judged  by  sequential  serum  aminotransferase  deter- 
minations) ,  serum  hepatitis  B  virus  DNA  and  DNA  polymerase  activity  disappeared 
and  a  seroconversion  occurred  from  HBeAg  to  anti-HBe.  Thus,  the  viral  infection 
appeared  to  change  from  an  active  to  a  latent  form.   This  occurred  in  15-25%  of 
HBsAg-positive  and  HBeAg-positive  patients  each  year.   Furthermore,  in  following 
patients  with  positive  serum  HBsAg  and  normal  serum  aminotransferases,  we  have 
found  spontaneous  exacerbations  of  disease  activity  to  be  often  preceeded  by  a 
re-appearance  of  hepatitis  B  virus  DNA  and  DNA  polymerase  activity  in  the  serum. 

2)  Fifteen  patients  have  been  followed  who  were  being  treated  with  cortico- 
steroids with  or  without  azathioprine.   Of  interest,  none  of  these  15  developed 
normal  serum  aminotransferases  or  underwent  a  seroconversion  from  HBeAg  to  anti- 
HBe  while  on  corticosteroids.   However,  when  corticosteroids  were  withdrawn  from 
these  15,  7  (47%)  seroconverted  from  HBeAg  to  anti-HBe  and  a  dramatic  fall  in 
serum  aminotransferase  levels  recurred  within  1-4  months  of  discontinuation  of 
medication.   These  observations  suggest  that  corticosteroids  actually  prevent 
spontaneous  improvement  from  occurring  in  this  disease.   An  alternate  explanation 
is  that  treatment  with  corticosteroids  followed  by  their  withdrawal  may  lead  to  a 
spontaneous  remission  in  this  disease. 

3)  These  studies  on  the  natural  history  of  chronic  type  B  hepatitis  were 
initiated  as  a  prelude  to  the  start  of  trials  of  anti-viral  agents  for  this 
condition.   Two  such  trials  have  been  undertaken  using  the  antiviral  agent, 
adenine  arabinoside  monophosphate  (Ara-AMP) .   Patients  selected  to  be  treated 
with  this  agent  have  been  carefully  monitored  and  pre-screened  to  establish 
that  they  are  not  on  the  verge  of  a  spontaneous  remission.   This  is  assured  by 
demonstrating  that  patients  have  high  and  stable  levels  of  hepatitis  B  virus  - 
as  assessed  by  serial  serum  determinations  of  HBsAg  titer,  HBeAg,  DNA- 
polymerase  and  hepatitis  B  virus  DNA.   One  such  trial  has  been  completed.   Six 
patients  with  chronic  type  B  hepatitis  were  treated  with  a  ten-day  course  of 
Ara-AMP.   All  patients  had  an  immediate  response  in  that  the  levels  of 
circulating  hepatitis  B  virus  DNA-polymerase  and  DNA  decreased.   However,  only 
one  patient  (17%)  had  a  long  lasting  response  -  the  viral  markers  became  negative 
and  remained  negative,  seroconversion  from  HBeAg  to  anti-HBe  occurred  and  the 
serum  levels  of  aminotransferases  fell  to  normal  values.   The  remaining  five 
patients  had  only  a  transient  response,  the  serum  DNA  polymerase  and  DNA  levels 
returning  to  pre- treatment  levels  as  soon  as  the  drug  was  stopped.   As  the 
amount  of  Ara-AMP  given  in  this  first  trial  might  have  been  insufficient  for 

an  optimum  response  to  have  occurred,  a  second  study  was  undertaken  to  evaluate 
a  28  day  course  of  therapy.   This  is  a  randomized  controlled  trial.   Fifteen 
patients  have  been  admitted  to  the  study  and  eigth  have  received  Ara-AMP.   So 
far ,  only  one  of  the  eight  treated  patients  has  had  a  long  lasting  response  to 
therapy.   In  no  patient  in  the  control  group  has  there  been  a  loss  of  DNA  poly- 
merase Or  seroconversion  from  HBeAg  to  anti-HBe. 

4)  While  effective  antiviral  treatment  of  chronic  type  B  hepatitis  remains 
an  important  goal,  treatment  of  acute,  uncomplicated  type  B  hepatitis  with 
antiviral  agents  is  probably  not  feasible  since  maximal  DNA  polymerase  activity, 
which  is  indicative  of  maximal  viral  replication,  occurs  before  clinical  symptoms 
become  severe  or  serum  aminotransferase  levels  reach  peak  values. 
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5)  An  epidemiological  study  of  hepatitis  B  viral  markers  in  an  isolated 
Canadian  Inuit  community  has  indicated  that  hepatitis  B  virus  infection  was 
common  in  the  community  20-30  years  ago  and  that  infection  occurred  predominantly 
during  infancy,  either  as  a  result  of  maternal-infant  transmission  or  post-natal 
exposure.   During  the  past  20  years  transmission  of  type  B  hepatitis  to  children 
in  this  community  has  become  uncommon. 

6)  The  mechanism  by  which  some  individuals  who  become  infected  with  the 
hepatitis  B  virus  fail  to  clear  the  virus  and  develop  chronic  type  B  hepatitis 
is  being  investigated.   Failure  to  detect  anti-HBs  in  chronic  HBsAg  carriers 
may  be  due  to  complexing  of  anti-HBs  by  excess  circulating  HBsAg  or  to  a 
defect  in  the  synthesis  of  anti-HBs.   To  examine  the  latter  of  these  possibili- 
ties pokeweed  mitogen-induced  synthesis  of  anti-HBs,  anti-HBc,  IgG  and  IgM  by 
peripheral  blood  mononuclear  cells  from  HBsAg  carriers  and  controls  has  been 
measured  i_n  vitro.   The  results  indicate  that  lymphocytes  from  HBsAg  carriers 
have  an  unimpaired  ability  to  synthesize  both  IgG  and  IgM  and  are  able  to 
synthesize  detectable  amounts  of  anti-HBc.   However,  they  do  not  synthesize 
measurable  amounts  of  anti-HBs  in.  vitro  despite  continuous  antigenic  exposure 
to  HBsAg  in  vivo.   The  potential  role  of  abnormal  regulation  of  the  immune 
response  in  the  pathogenesis  of  chronic  type  B  hepatitis  is  also  being  studied. 
T  lymphocyte-mediated  help  and  suppression  of  pokeweed  mitogen-induced  immuno- 
globulin (Ig)  synthesis  by  cultured  type  B  lymphocytes  has  been  quantitated  in 
vitro.   At  a  T:B  cell  ratio  of  approximately  1:1  maximum  Ig  synthesis  by  cultures 
of  cells  from  normal  individuals  occurs  (helper  effect)  and  at  higher  T:B  cell 
ratios  progressively  less  Ig  is  synthesized  (suppressor  effect) .   In  contrast  to 
cultures  of  cells  from  normal  individuals,  cultures  of  cells  from  many  patients 
with  chronic  type  B  hepatitis  continue  to  synthesize  progressively  larger  amounts 
of  Ig  with  increasing  T:B  cell  ratios  indicating  a  defect  in  suppressor  cell 
function  in  these  patients.   Following  irradiation  of  T  cells  to  selectively 
destroy  suppressor  T  cells,  there  appeared  to  be  no  difference  in  Ig  synthesis  by 
cultures  of  cells  from  patients  with  chronic  type  B  hepatitis  and  normal  subjects 
indicating  that  helper  T  cell  function  was  normal  in  the  patients. 

Significance  to  Biomedical  Research: 

One  goal  of  this  project  is  to  investigate  the  natural  history  of  chronic 
HBsAg  positive  hepatitis  and  to  execute  appropriately  designed  trials  of  anti- 
viral agents  in  this  disease.   As  shown,  there  is  a  spontaneous  remission  rate 
for  this  disease  of  approximately  15-25%  each  year.   Obviously,  trials  of  anti- 
viral agents  will  need  to  include  sufficient  numbers  of  treated  and  untreated 
persons  to  ensure  that  the  effect  of  treatment  is  to  induce  a  remission  rate 
which  is  greater  than  the  spontaneous  remission  rate  for  this  disease.   Studies 
such  as  this  will  also  help  to  identify  which  patients  are  likely  to  benefit 
most  from  therapy.   Patients  currently  considered  most  suitable  for  therapy  with 
anti-viral  agents  are  those  who  have  stable  levels  of  hepatitis  B  virus  markers  - 
HBeAg ,  HBsAg  and  DNA  polymerase  -  and  who  have  chronic  active  hepatitis  as 
desmontrated  by  percutaneous  liver  biopsies. 

Another  goal  of  this  project  is  to  determine  the  mechanism  by  which  some 
patients  infected  with  the  hepatitis  B  virus  develop  the  chronic  hepatitis  B 
virus  carrier  state. 
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Proposed  Course: 

We  plan  to  continue  following  a  large  number  of  HBsAg  positive  individuals 
in  order  to  define  the  spontaneous  rate  of  remission  of  this  disease  and  to 
characterize  the  relationships  between  immunological  features,  hepatitis  B 
virus  serological  markers  and  the  clinical  course  of  disease.   Patients  Xrzho 
demonstrate  stable  levels  of  hepatitis  B  virus  markers  will  be  eligible  for 
anti-viral  and  immunological  therapies.   We  have  started  a  randomized,  controlled 
trial  of  Ara-AMP  in  this  disease  in  which  patients  will  be  treated  for  28  days 
with  both  intravenous  and  intramuscular  medication.   Fifteen  patients  have  been 
admitted  to  this  trial.   In  the  near  future,  we  hope  to  start  a  randomized, 
double-blind  trial  of  short-term,  high-dose  prednisolone  therapy. 

To  investigate  the  nature  of  the  suppressor  cell  defect  in  chronic  type  B 
hepatitis   Ig  synthesis  by  cultures  containing  complementary  subsets  of  allogeneic 
immune  cells  from  patients  with  chronic  type  B  hepatitis  and  normal  individuals 
is  being  determined.   The  patients  being  studied  are  from  the  group  of  patients 
with  chronic  type  B  hepatitis  who  will  subsequently  receive  therapy  with  one  or 
more  antiviral  agents  such  as  Ara-AMP.   Restudy  of  those  patients  who  have 
responded  successfully  to  therapy  will  permit  identification  of  those  defects 
of  immune  regulation  which  contribute  to  the  development  of  chronic  type  B 
hepatitis  and  distinguish  those  which  arise  secondary  to  chronic  hepatitis. 

Publications : 

1.  Hoofnagle,  J.H.:   Type  B  hepatitis:   Virology,  serology  and  clinical  course. 
Seminars  in  Liver  Disease  1:   7-14,  1981. 

2.  Hoofnagle,  J.H.,  Dusheiko,  CM.,  Seeff,  L.B.,  Jones,  E.A.,  Waggoner,  J.G., 
Bales,  Z.B.:   Seroconversion  from  hepatitis  B  e  antigen  (HBeAg)  to  antibody 
(anti-HBe)  in  chronic  type  B  hepatitis.   Ann.  Intern.  Med.  94:   744-748, 
1981. 

3.  Hoofnagle,  J.H. :   Chronic  hepatitis.   The  role  of  corticosteroids.   In 
Szmuness,  W. ,  Alter,  H.J.,  and  Maynard ,  J.E.  (Eds.):   Proceedings  of  the 
1981  International  Symposium  on  Viral  Hepatitis.   Franklin  Institutes  Press, 
Philadelphia,  1981,  (in  press). 

4.  Hoofnagle,  J.H.:   Serological  markers  of  hepatitis  B  virus  infection.   Ann. 
Rev.  Med.  32:   1-11,  1981. 

5.  Hoofnagle,  J.H.:   Hepatitis  B  surface  antigen  (HBsAg)  and  antibody  (anti- 
HBs) .   In  Bianchi,  L. ,  Gerok,  W.,  Sickinger,  K. ,  and  Stalder,  G.A.  (Fds,): 
Virus  and  the  Liver.   MTP  Press,  Lancaster,  England,  1980,  pp.  27-37. 

6.  Hoofnagle,  J.H.:   Therapy  of  acute  viral  hepatitis.   In  Conn,  H.O.  (Ed.): 
Proceedings  of  an  International  Symposium  on  (+) -Cyanidanol-3 .   Karger, 
Basel,  1981,  (in  press). 
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SUMMARY  OF  WORK  (200  -ords  or  less  -  underline  keywords) 

Patients  with  well-documented  chronic  non-A,  non-B  (non-lupold)  hepatitis  are 
being  evaluated  to  determine  the  natural  history  of  this  disease  and  to  obtain 
tissues  and  reagents  to  search  for  non-A,  non-B  agents.   Twenty-one  patients  have 
been  adr.ltted  to  this  study.   These  patients  have  undergone  thorough  evaluation 
including  a  liver  biopsy  in  twenty.   They  have  had  the  disease  for  periods 
ranging  from  1  to  8  years.   Four  patients  have  a  mild  degree  of  malaise,  the 
remaining  patients  are  asymptomatic.   Liver  biopsies  have  revealed  chronic 
persistent  hepatitis  in  five,  chronic  active  hepatitis  in  eleven  and  cirrhosis 
in  four.   Examination  of  liver  biopsies  by  electron  and  immunofluorescence 
microscopy  has  failed  to  show  definitive  evidence  of  viral  antigens  or  viral 
particles.   However,  electron  microscopy  of  50%  of  bioosles  has  revealed 
Intranuclear  vlrus-particle-like  structures  which  are  similar  to  those  observed 
In  chimpanzees  with  non-A,  non-B  hepatitis.   The  significance  and  specificity  of 
these  structures  is  under  investigation. 
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Proiect  Description: 

Objectives: 

A  third  form  of  viral  hepatitis  -  non-A,  non-B  -  was  first  described  in 
1975.   Since  that  time  non-A,  non-B  hepatitis  has  been  shown  to  be  the  most 
common  type  of  post-transfusion  hepatitis  and  to  account  for  at  least  20%  of 
sporadic  viral  hepatitis.   Non-A,  non-B  hepatitis  from  transfusion  has  a  high 
propensity  to  progress  to  chronic  hepatitis.  The  nature  of  the  chronic  hepatitis, 
its  natural  history,  its  therapy,  its  pathogenesis  and  its  viral  etiology  remain 
poorly  defined.   The  purpose  of  this  study  is  to  define  the  natural  history  to 
post-transfusion  non-A,  non-B  hepatitis  and  to  provide  reagents  (blood  and  liver  ' 
biopsy  tissue)  for  attempts  to  identify  the  agent(s)  of  non-A,  non-B  hepatitis. 

Method  Employed: 

Patients  followed  in  the  post-transfusion  hepatitis  studies  conducted 
by  Dr.  Harvey  J.  Alter  (NIH  Blood  Bank)  who  develop  non-A,  non-B  hepatitis  and 
who  have  persistently  elevated  serum  aminotransferase  levels  (ALT,  AST)  for  more 
than  6  months  are  evaluated  by  the  Liver  Diseases  Section.   Patients  undergo  a 
comprehensive  medical  evaluation.   Blood  studies  include  HLA  typing  and  collec- 
tion of  serum  for  agar  gel  diffusion  and  counterelectrophoresis  tests  for 
non-A,  non-B  antigens.   If  indicated,  a  percutaneous  liver  biopsy  is  obtained 
and  the  biopsy  subjected  to  light,  immunofluorescence  and  electron  microscopy. 

Major  Findings: 

Twenty-one  patients  have  been  evaluated  and  twenty  have  undergone 
percutaneous  liver  biopsy.   Patients  have  had  evidence  of  hepatitis  for  periods 
of  time  varying  between  1  and  8  years.   Four  patients  experience  mild  degrees 
of  lethargy  or  malaise.   The  remaining  patients  have  no  symptoms  attributable 
to  liver  disease.   In  contrast  to  chronic  type  B  hepatitis  serum  aminotrans- 
ferase levels  fluctuate  over  a  wide  range,  i.e.  from  normal  values  to  as  high 
as  700  I.U./l.   So  far,  HLA  typing  has  not  revealed  any  correlations  of  note. 
In  particular,  the  incidence  of  B8,  DrW  3  types,  which  is  increased  in  patients 
with  autoimmune  (lupoid)  chronic  hepatitis,  is  not  increased  in  this  population 
of  patients  with  nOn-A,  non-B  hepatitis.   Liver  biopsies  have  revealed  chronic 
active  hepatitis  in  11  patients,  chronic  persistent  hepatitis  in  five  and 
cirrhosis  in  four.   Follow-up  liver  biopsies  from  eight  patients,  demonstrated 
progression  of  the  liver  disease  in  three  and  milder  degrees  of  hepatocellular 
disease  in  the  rest. 

Immunofluorescence  studies  on  the  liver  biopsies  using  sera  from  patients 
who  have  recovered  from  non-A,  non-B  hepatitis  have  not  revealed  any  potential 
non-A,  non-B  antigens.   Furthermore,  electron  microscopy  of  the  biopsies  has 
not  demonstrated  viral  antigens  or  definite  viral  particles  in  the  liver  biopsies, 
However,  50%  of  biopsies  have  shown  peculiar  intranuclear  clusters  of  pleomorphic 
particles.   Similar  structures  have  also  been  seen  in  liver  biopsies  from 
chimpanzees  with  nOn-A,  non-B  hepatitis.   The  significance  and  specificity 
of  these  nuclear  changes  are  being  investigated.   In  the  course  of  assaying  for 
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antigens  and  antibodies  specific  for  non-A,  non-B  hepatitis  agar  gel  diffusion 
studies  of  sera  from  these  patients  have  demonstrated  a  precipitin  system  similar 
to  that  described  by  other  workers  in  this  field.   However,  evaluation  of  this 
system  has  demonstrated  that  it  is  not  due  to  an  antigen-antibody  reaction  and 
that  it  is  found  in  liver  diseases  other  than  non-A,  non-B  hepatitis. 

Significance  to  Biomedical  Research: 

Non-A,  non-B  hepatitis  is  the  most  common  form  of  post-transfusion 
hepatitis  and  occurs  in  3-10%  of  transfused  individuals.   At  present  there  are 
no  markers  for  this  disease  and  no  associated  non-A,  non-B  specific  viral  antigens 
or  particles  that  have  been  definitively  identified.   Chronic  liver  disease  due 
to  non-A,  non-B  hepatitis  is  also  common.   There  is  no  known  therapy  for  this 
chronic  liver  disease.   Corticosteroids  do  not  seem  to  be  of  benefit.   This  study 
is  aimed  at  identifying  a  viral  antigen  or  marker  that  might  be  used  to  screen 
blood  for  the  presence  of  this  virus.  This  study  is  also  designed  to  characterize 
the  natural  history  of  this  disease,  so  that  persons  who  need  to  be  treated 
for  their  liver  disease  can  be  readily  identified. 

Proposed  Course: 

We  plan  to  continue  to  follow  the  patients  already  admitted  to  this  study 
and  to  admit  further  patients  with  chronic  non-A,  non-B  hepatitis  as  they  are 
identified  in  the  post-transfusion  hepatitis  studies  conducted  at  the  NTH.   The 
major  areas  of  proposed  study  will  be  immunofluorescence  and  electron  microscopy 
of  liver  biopsies  and  development  of  radioimmunoassays  or  enzyme-linked  immuno- 
assays for  the  detection  of  non-A,  non-B  antigens  and  antibodies. 

Publications : 

1.  Hoofnagle,  J.H. :   Acute  non-A,  non-B  hepatitis.   Clinical  course  and 
diagnosis.   In  Gerety,  R.J.  (Ed.):   Non-A,  Non-B  Hepatitis.   Academic 
Press,  New  Vork,  1981  (in  press) . 

2.  Hoofnagle,  J.H.,  Feinstone,  S.M.:   Serological  tests  for  non-A,  non-B 
hepatitis.   Controversey .   Liver  1:   1981,  (in  press). 

3.  Hoofnagle,  J.H.:   An  immunoprecipitin  system  detected  in  sera  from  patients 
with  non-A,  non-B  hepatitis.   J.  Med.  Virol.  1981,  (in  press). 

4.  Dusheiko,  G.M. ,  Jones,  E.A. :   Managment  of  non-A,  non-B  hepatitis.   In 
Gerety,  R.J.  (Ed.):   Non-A,  Non-B  Hepatitis.   Academic  Press,  New  York, 
1981,  (in  press) . 
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Symptomatic  primary  biliary  cirrhosis  (PBC)  appears  to  be  a  uniformly  fatal  dis- 
ease characterized  by  slowly  progressive  intrahepatic  cholestasis  due  to  a 
chronic  non-suppurative  destructive  cholangitis  involving  the  septal  and  larger 


interlobular  bile  ducts.   The  disease  is  associated  with  multiple  defects  of 


immunologic  function,  hepatic  copper  overload  and  a  high  incidence  of  various 
autoimmune  diseases.   Trials  of  corticosteroids  and  azathioprine  have  not  shown 


that  these  agents  effectively  inhibit  the  progression  of  the  disease  or  increase 
survival.   Because  certain  chronic  inflammatory  diseases  appear  to  respond  favor- 
ably to  alkylating  agents  but  not  to  azathioprine,  a  controlled  randomized  trial 
of  an  alkylating  agent  for  the  treatment  of  PBC  has  been  initiated.   The  alkylat- 
ing agent  chosen  for  the  trial  was  chlorambucil.   So  far  16  patients  have  been 
admitted  to  the  trial.   Each  patient  undergoes  a  comprehensive  medical  evaluation 
prior  to  randomization  and  again  after  being  in  the  trial  for  one  and  two  years. 
Each  evaluation  includes  a  needle  biopsy  of  the  liver.   In  those  receiving  the 
drug  the  polymorphonuclear  leucocyte  count  is  maintained  above  1000/mm  .   Five 
patients  receiving  the  drug  have  had  follow-up  liver  biopsies  which  show  a  marked 
decreased  in.inf lammaJzory  activity.  -     997 
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Project  Description 

Objectives: 

The  objective  is  to  conduct  a  controlled  trial  of  therapy  with  the 
alkylating  agent  chlorambucil  in  patients  with  primary  biliary  cirrhosis  (PBC) 
to  determine  ±f    therapy  with  this  agent  decreases  the  rate  of  progression  of 
the  disease  process  and  increases  survival. 

Methods  Employed: 

1)  Sixteen  patients  with  clinical,  serum  biochemical,  serologic 

and  hepatic  histologic  features  consistent  with  the  diagnosis  of  tbC  have  been 
admitted  to  the  trial.   Patients  must  have  symptoms  attributable  to 
PBC.   Reasons  for  excluding  patients  include:   over  65  years  old,  a  serum 
bilirubin  greater  than  10  mg/dl  and  clinical  features  of  decompensated 
chronic  hepatocellular  disease. 

2)  Patients  undergo  an  initial  comprehensive  medical  evaluation,  which 
includes  determinations  of  indices  of  cholestasis  and  hepatocellular  function, 
serum  levels  of  lipoproteins,  autoantibodies,  immune  complexes  and  bile  acids, 
and  a  needle  biopsy  of  the  liver.   They  are  then  randomized  into  a  group 
which  receives  chlorambucil  and  a  group  which  receives  no  chlorambucil,  by 
opening  sealed  envelopes.   Patients  in  both  groups  receive  all  of  the  con- 
ventional supportive  treatments  for  the  various  manifestations  of  PBC  as 
indicated.   The  dose  of  chlorambucil  is  adjusted  so  that  the  polymorphonuclear 
leucocyte  count  is  maintained  above  lOOO/mm^. 

3)  All  patients  are  subjected  to  further  comprehensive  medical 
evaluations,  which  include  repeat  needle  biopsies  of  the  liver,  after  being  in 
the  trial  for  One  year  and  two  years. 

Mai  or  Findings: 

In  patients  admitted  to  the  trial  who  are  receiving  chlorambucil, 
lymphocytopenia  has  been  induced.   Five  patients  receiving  the  drug  have  had 
follow-up  liver  biopsies  which  show  a  substantial  decrease  of  inflammatory 
activity.   It  is  too  early  in  the  course  of  the  trial  to  determine  whether 
chlorambucil  therapy  has  any  definite  beneficial  effects  on  the  course  of 
patients  with  PBC. 

Significance  to  Biomedical  Research: 

Primary  biliary  cirrhosis  (PBC)  when  symptomatic  appears  to  be  a  uniformly 
fatal  disease  characterized  bv  slowly  progressive  intrahepatic  cholestasis  due  to 
a  chronic  non-suppurative  destructive  cholangitis  involving  the  septal  and  larger 
interlobular  bile  ducts.   The  disease  is  associated  with  multiple  defects  of 
immunologic  function  suggestive  of  autoimmunity  as  well  as  hepatic  copper  over- 
load.  Trials  of  corticosteroids  and  azathioprine  have  not  shown  that  these 
agents  effectively  inhibit  the  progression  of  the  disease  or  increase  survival. 


998 


ZOl  AM  53,511-02  DDE 
Trials  of  penicllamine  suggest  that  there  may  be  some  improvement  in  the  mortality 
rate  if  the  drug  is  given  to  patients  with  advanced  stages  of  the  disease.   How- 
ever, penicillamine  treatment  in  this  disease  is  associated  with  a  high  incidence 
of  serious  side  effects  and  many  patients  cannot  tolerate  this  drug.   Because 
certain  chronic  inflammatory  autoimmune  diseases  appear  to  respond  favorably  to 
alkylating  agents  but  not  to  azathioprine ,  a  controlled  randomized  trial  of  an 
alkylating  agent  for  the  treatment  of  PBC  has  been  initiated.   The  alkylating 
agent  chosen  for  the  trial  was  chlorambucil  rather  than  cyclophosphamide  because 
of  the  less  severe  toxicity  associated  with  the  use  of  the  former  drug. 

Proposed  Course: 

It  is  anticipated  that  the  trial  will  take  a  period  of  approximately  3-5 
years  to  complete. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  are  being  designed  to  determine  which  of  the  major  classes  of  hepatic 
cells  are  responsible  for  the  uptake  of  different  lipoproteins  bv  the  liver  and 
to  define  which  apoproteins  mediate  the  uptake  of  lipoprotins  by  the  different 
cell  types.   Rat  endothelial,  Kupffer  and  parenchymal  cells  have  been  isolated 
by  collagenase  liver  perfusion,  centrif ugation  on  Percoll  gradients  and  centri- 
fugal elutriation.   Apoproteins  isolated  from  normal  subjects  and  patients  with 
Tangier  disease  were  radioiodinated  and  reassociated  with  lipoprotein  particles 
from  normal  subjects  and  patients  with  Tangier  disease.   Measurements  of  the  up- 
take of  these  labeled  particles  by  hepatic  cells  in  vitro  indictate  that  the  in- 
creased reticuloendothelial  (RE)  cell  uptake  of  cholesterol  in  Tangier  disease  i^ 
probably  mediated  by  enhanced  uptake  of  Tangier  apoprotein  A-I-containing  choles-j 
terol-rich  lipoproteins  by  RE  cells  and  that  the  rapid  clearance  of  lipoproteins 
from  the  plasma  in  Tangier  disease  can  be  accounted  for  bv  the  uptake  of  Tangier 
aproprotein  A-I-containing  lipoproteins  by  hepatocytes. 
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Project  Description: 

Objectives : 

The  main  objectives  of  this  project  are  to  determine  which  of  the  major 
classes  of  hepatic  cells  (parenchymal,  endothelial,  Kupffer)  are  responsible  for 
the  uptake  of  different  lipoproteins  by  the  liver,  to  define  which  apoproteins 
mediate  the  uptake  of  lipoproteins  by  the  different  cell  types,  and  to  assess 
whether  aproproteins  in  certain  disease  states  mediate  abnormal  cell  uptake  and/ 
or  catabolism  of  lipoproteins. 

Methods  Employed: 

1.  Suspensions  of  hepatic  cells  are  generated  by  perfusing  rat  livers  in 
situ  with  a  solution  of  collagenase.   The  basic  technique  has  been  modified  by 
including  in  the  perfusate  soybean  trypsin  inhibitor  to  reduce  tryptic  damage  to 
cell  surface  receptors  and  deoxyribonuclease  to  inhibit  DNA-mediated  aggregation 
of  cells. 

2.  Endothelial  and  Kupffer  cells  are  separated  gently  from  erythrocytes 
and  parenchymal  cells  by  Per coll  gradient  centrifugation. 

3.  Endothelial  cells  are  separated  from  Kupffer  cells  by  centrifugal 
elutriation. 

4.  The  viability  of  cell  preparations  is  assessed  by  measuring  cell 
membrane  potentials. 

5.  Lipoproteins  are  isolated  from  rat  and  human  serum  by  preparative 
ultracentrifugation. 

6.  Apoproteins  are  isolated  using  column  chromatography 

7.  Isolated  apoproteins  are  labeled  with  radioiodine  using  the  iodine  mono- 
chloride  or  chloramine  T  technique  and  are  allowed  to  reassociate  with  lipopro- 
tein particles.   Uptake  of  these  labeled  particles  by  hepatic  cells  in  vitro  at 
37*C  is  quantitated. 

Major  Eindings: 

Familial  high  density  lipoprotein  (HDL)  deficiency  (Tangier  disease)  is 
characterized  by  low  levels  of  plasma  HDL  and  apolipoprotein  (apo)  A-I  and  A-II, 
rapid  and  abnormal  catabolism  of  apoA-I  and  A-II  and  cholesterol-laden  reticulo- 
endothelial (RE)  cells.   Furthermore,  in  Tangier  disease  apoA-I  and  A-II  are 
predominantly  associated  with  lipoproteins  of  density  < 1.063  g/ml  and  not  with 
HDL.   To  investigate  the  molecular  basis  of  these  abnormalities  the  uptake  by 
isolated  rat  hepatic  cells  of  apoA-I  and  A-II  isolated  from  normal  subjects  and 
Tangier  homozygotes,  radioiodinated  and  reassociated  with  lipoproteins  of  density 
< 1.063  g/ml  has  been  studied.   Uptake  of  labeled  lipoproteins  by  cells  was 
inhibited  by  dilution  with  cold  ligand  indicating  that  uptake  was  specific.   The 
results  indicated  that  there  was  preferential  uptake  of  lipoproteins  containing 
apoA-I  from  patients  with  Tangier  disease  by  both  Kupffer  eels  and  hepatocytes. 
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In  contrast,  there  was  no  preferential  uptake  of  lipoproteins  containing  apoA-II 
from  patients  with  Tangier  disease  by  either  Kupffer  cells  or  hepatocytes.   Up- 
take of  labeled  ligands  by  endothelial  cells  was  negligible.   These  findings 
indicate:   1)  the  increased  RE  uptake  of  cholsterol-laden  lipoproteins  in  Tangier 
disease  is  probably  mediated  by  enhanced  uptake  of  ApoA-I  (Tangier)-containing 
liporoteins,  2)  since  Kupffer  cells  and  hepatocytes  account  for  about  8%  and  66% 
of  total  liver  cells,  respectively,  the  abnormally  rapid  disappearance  of  certain 
lipoproteins  from  plasma  in  Tangier  disease  can  be  accounted  for  by  parenchymal 
cell  uptake  of  apoA-I  (Tangier) -containing  lipoproteins. 

Significance  to  Biomedical  Research: 

Abnormal  levels  of  low  and  high  density  lipoproteins  in  the  blood  have 
been  implicated  in  the  pathogenesis  of  atherosclerosis.   Factors  responsible 
for  regulating  levels  of  lipoproteins  in  the  blood  include  synthesis  by  the 
intestine  and  liver  and  uptake  and  catabolism  by  the  liver  and  peripheral  tissues. 
This  protocol  is  designed  to  examine  the  mechanisms  involved  in  the  catabolism  of 
lipoproteins  by  the  liver  under  normal  physiologic  conditions  and  in  pathologic 
states.   Initial  studies  have  clarified  the  molecular  basis  of  Tangier  disease  by 
demonstrating  that  a  structurally  abnormal  apoA-I  is  responsible  for  mediating 
abnormal  lipoprotein  metabolism  in  this  disease. 

Proposed  Course: 

Future  studies,  using  the  same  experimental  approach  as  was  used  to 
investigate  lipoprotein  metabolism  in  Tangier  disease,  will  evaluate  the  role 
which  different  apo  E's  and  abnoraml  apolipoproteins  play  in  the  pathogenesis 
of  hyperlipidemias. 

Publications : 

1.    Jones,  E.A. ,  Summerfield,  J. A.:   Kupffer  cells.  In  Arias,  I.M.,  Popper,  H., 
Schafritz,  D. ,  Schacter,  D. ,  Jacoby,  W.  (Eds.):  The  Liver:   Biology  and 
Pathobiology.   New  York,  Raven  Press,  1981,  (in  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  fibrosis  in  the  liver  which  can  occur  pari  passu  with  chronic  hepatocellular 
injury  may  arise  as  a  result  of  increased  collagen  synthesis  by  fibroblasts  and 
smooth  muscle  cells  which  have  migrated  to  the  liver  in  response  to  the  release 
of  chemotactic  factors.   The  nature  of  these  putative  chemotactic  factors,  their 
cell  of  origin  and  the  sequence  of  events  which  leads  to  their  release  and  bio- 
logical activity  are  unknown.   Using  an  in  vitro  assay  to  measure  the  response  of 
collagen  synthesizing  cells  to  chemotactic  factors  evidence  for  the  production  of 
these  factors  is  being  sought  in  an  animal  model  of  hepatic  fibrosis  and  in 
patients  with  chronic  hepatocellular  disease. 
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Project  Description: 

Objectives: 

The  objective  of  this  protocol  is  to  explore  factors  involved  in  hepatic 
f ibrogenesis,  a  pathologic  process  which  precedes  the  development  of  cirrhosis. 
It  is  believed  that  chemotactic  substances  are  released  pari  passu  with  chronic 
hepatocellular  injury  and  that  these  substances  cause  smooth  muscle  cells  and 
fibroblasts  to  migrate  to  the  liver,  proliferate  and  synthesize  collagen  with 
the  formation  of  fibrous  tissue.   This  project  is  designed  to  determine  whether 
such  chemotactic  substances  are  released  in  an  animal  model  of  hepatic  fibrosis 
and  in  patients  with  chronic  hepatocellular  diseases,  and  whether  they  are 
generated  by  injured  hepatocytes  or  by  immunocompetent  cells  which  are  mediating 
the  hepatocellular  injury.   An  understanding  of  the  pathogenesis  of  hepatic 
fibrosis  may  lead  to  means  of  preventing  or  inhibiting  the  development  of 
cirrhosis . 

Methods  Employed: 

1)  Hepatic  fibrosis  is  induced  in  rats  by  chronic  administration  of  carbon 
tetrachloride  and  phenobarbital. 

2)  Hepatocytes,  Kupffer  cells  and  endothelial  cells  are  isolated  from 
normal  rats  and  rats  with  hepatic  fibrosis  by  collagenase  liver  perfusion, 
centrifugation  on  Percoll  gradients  and  centrifugal  elutriation. 

3)  Kupffer  cells,  endothelial  cells  and  hepatocytes  are  cultured  overnight 
to  produce  conditioned  media. 

4)  Homogenates  of  normal  rat  liver  and  of  fibrotic  liver  are  prepared. 

5)  Slices  of  normal  liver  and  fibrotic  liver  are  incubated. 

6)  Peripheral  blood  mononuclear  cells  from  patients  with  liver  disease  are 
cultured  in  the  presence  of  polyclonal  mitogens,  pokeweed  mitogen  and  phytohem- 
agglutinin  and  specific  disease-related  antigens  such  as  HBsAg. 

7)  Conditioned  media,  liver  homogenates,  liver  slice  supernatants  and 
supernatants  of  cultured  lymphocytes  are  assayed  for  factors  that  are  chemotactic 
to  ovine  vascular  smooth  muscle  cells  and  human  fibroblasts  by  measuring  the 
degree  to  which  their  presence  in  a  Boyden  chamber  induces  these  cells  in 
culture  to  migrate  across  a  pore-containing  membrane. 

Significance  to  Biomedical  Research: 

Hepatic  fibrosis  is  a  major  component  of  the  disturbed  hepatic 
architecture  in  most  chronic  liver  diseases.   In  cirrhosis  it  is  associated 
with  the  development  of  portal  hypertension  and  episodes  of  bleeding  into 
the  gastrointestinal  tract  from  esophageal  varices.   This  project  is  designed 
to  investigate  the  pathogenesis  of  the  abnormal  laying  down  of  collagen  and 
fibrosis  in  the  liver  in  chronic  liver  disease.   The  results  obtained  may 
suggest  means  of  decreasing  the  rate  of  progression  of  hepatic  fibrosis  or 
preventing  it  altogether. 
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SUMMARY  OF  WORK  (200  «ords  or  less  -  underline  keywords) 
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(A)  No.  on   (B)  No.  seen   B  as    (C)  No.  with     C  as 
Reservation   in  clinic    percent     lipids      Percent 
as  of  1/80    11/78-3/81    of  A     11/78-3/31     of  B 


Males 


15-24  470  228  49%  152 

25-34  304  124  41%  103  83% 

35-44  199  103  52%  86  83% 

45-54  133  89  67%  85  96% 

55-64  85  45  53%  27  60% 

>.65  116  59  51%  49  83% 

Females 

15-24  503  384  76%  274 

25-34  304  231  76%  193  84% 

35-44  199  164  82%  131  80% 

45-54  182  168  92%  143  85% 

55-64  117  99  85%  83  84% 

>^65  110  73  66%  58  79% 

2.       Relationship  Between  Diabetics  and  the  Risk   of  Atherosclerotic  Heart 
Disease    (ASCVD)    in  the  Pima   Indians. 

a.        Prevalence  of  EKG  abnormalities  ASCVD.      The   relationship  between 
diabetics   and  ASCVD   in  this   population  has  been  examined  using  data  obtained 
from  the  standard  12-lead  EKG  at  the  biennial    examination.     EKG  abnnormal ities 
were  defined  according  to  the  Tecumseh  criteria.      In  diabetic  Pimas,   the 
prevalence  of  EKG  abnormalities  was  2.1   times  that   of  the  nondiabetic  Pimas. 
This  observation  was   supported  by  determination  of  the  frequency  of  cardio- 
vascular disease   (defined  as   sudden  death  with  greater  than  75%  stenosis  of 
at  least  one  coronary  artery,  myocardial    infarction,   or  stroke)   among  Pimas 
at  autopsy.      This  autopsy  analysis  was  restricted  to  males  who  were  at   least 
55  years  old  at  death,   because  there  were  few  cardiovascular  deaths   in 
females   and  younger  males.     The  post-load  glucose  concentration  was  deter- 
mined at  the   last  examination  prior  to  death.     Although  the  study  was  too 
small   to  be  conclusive,  cardiovascular  disease  was  the  cause  of  death  1.8 
times   as   frequently  in  the  diabetics;   a  prevalence  ratio  similar  to  that  for 
EKG  abnormalities   in  living  subjects. 

The  relationship  between  hyperglycemia  and  the  development  of  ASCVD  has  been 
examined  in  a  prospective   study  of  590   subjects  at   least  25  years   old  with  no 
EKG  abnormalities   at  the  initial    examination  as  defined  by  the  Tecumseh 
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Project  Description: 
Objectives: 

1.  Determination  of  Lipoprotein  composition  in  normal  and  diabetic 
Indians:  Previous  studies  have  yielded  data  on  total  serum  cholesterol  and 
triglyceride  levels  in  the  the  Pima  Indian  population.  In  this  study 
lipoprotein  classes  will  be  Isolated  by  ul tracentri fugation  and  cholesterol, 
triglyceride, and  apoproteins  quantified  in  the  isolated  lipoproteins. 
These  parameters  will  be  compared  In  normal  and  diabetic  individuals,  and 

in  diabetics  before  and  after  therapy  to  determine  if  diabetes  Is  associated 
with  changes  in  lipoprotein  composition  and  how  these  changes  are  related 
to  therapy  and  complications. 

2.  Studies  of  the  relationship  between  high  density  lipoprotein 
composition  and  ischemic  heart  disease:  Recent  studies  have  suggested  that 
there  may  be  a  relationship  beteen  HDL  levels  and  atherosclerotic  heart 
disease.  Our  objective  is  to  quantify  HDL  levels  and  study  HDL  composition 
in  a  series  of  normal  and  diabetic  Indians  with  and  without  coronary  artery 
disease.  Study  of  HDL  In  this  homogeneous  and  well  characterized  population 
should  clarify  the  role  of  this  lipoprotein  in  the  etiology  of  atherosclerosi 
especially  In  obese  and  diabetic  individuals. 
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Major  Findings: 

1.  Determination  of  lipoprotein  composition  in  normal  and  diabetic 
Indians: 

a.  Cross  sectional  study  of  lipoprotein  composition  and  HDL 
subfractions  in  the  Pima  Indians:  Blood  sampling  to  measure  lipoprotein 
triglycerides  and  cholesterol  has  continued  on  all  individuals  over  age  15 
seen  for  biennial  exams  at  SPSS.  In  addition,  HDL  subfractions  are   being 
isolated  from  all  individuals  between  35-55  years.  Cholesterol  and  tri- 
glycerides have  been  measured  In  all  lipoprotein  fractions  and  the  fractions 
have  been  stored  frozen  for  future  apoprotein  studies.  We  have  participated 
In  a  standardization  program  with  the  CDC,  Atlanta,  Georgia,  in  order  to 
insure  that  our  plasma  lipid  measurements  will  be  comparable  to  those  of 
the  Lipid  Research  Clinics.   In  collaboration  with  Drs.  Fuller  and  Mattock 
in  London  and  Drs.  Nikkila  and  Taskinen  in  Helsinki  comparable  groups  of 
Caucasian  diabetics  ^awe   been  recruited  and  plasma  lipoproteins  are   being 
analyzed.  To  Insure  comparability  of  methods,  plasma  samples  and  cholesterol 
and  triglyceride  controls  have  been  exchanged  at  approximately  six  month 
intervals.  To  date  approximately  1400  Pima  samples  have  been  quantified 
over  the  following  sex  and  age  ranges: 
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criteria.  At  follow-up  examination  after  6  years  (range  5-7  years)  all 
subjects  were  reassessed  for  EKG  abnormalities.  EKG  abnormalities  occurred 
1.7  times  as  frequently  in  diabetics  as  in  nondiabetics.  This  was  similar  to 
the  prevalence  ratios  for  EKG  abnormalities  and  cardiovascular  disease  at 
autopsy,  but  uds   in  striking  contrast  to  the  greatly  increased  incidence  of 
retinopathy  in  diabetics.  Thus,  in  this  population  with  relatively  low 
prevalence  of  ASCVD  diabetes  is  associated  with  an  increase  in  cardiovascular 
disease.  The  relationship  to  other  risk  factors  in  the  population  must  be 
examined  further. 

b.   Relationship  Between  Plasma  Lipids  and  ASCVD  in  Pima  Diabetics. 
Seventeen  autopsy  cases  were  identified  with  ASCVD  as  described  above. 
Post-mortem  cases  without  evidence  of  ASCVD  were  matched  for  age  (decade), 
sex,  weight  (within  5  Kg),  and  diabetic  status  and  treatment.  Frozen 
serum  was  available  which  had  been  drawn  from  these  individuals  1  to 
11  years  prior  to  death.  HDL  were  isolated  by  the  heparin-manganese 
precipitation  method,  and  HDL  and  total  cholesterol  were  determined  on 
the  Autoanalyzer.  Assays  were  standardized  using  reference  material 
supplied  by  the  CDC  Lipid  Standardization  Laboratory  (Atlanta,  Georgia). 
Previous  investigation  of  six  healthy  volunteers  indicated  that  storage 
of  frozen  samples  for  up  to  one  year  did  not  affect  plasma  HDL  concentra- 
tions (51.7±11.2  mg/dl,  mean  ±  SD  vs  52.7±11.6  after  freezing,  r=.99) 
and  that  up  to  10  freeze-thaws  also  had  no  significant  influence  on  HDL 
concentrations  (51.7±11.2,  nean  ±  SD  vs  53.7+10.9  after  freezing,  r=.99). 

In  nondiabetics  mean  HDL  cholesterol  concentration  tended  to  be  lower  in 
those  with  ASCVD  and  the  ratio  of  total/HDL  cholesterol  was  somewhat  higher. 
In  autopsied  diabetics  the  mean  total  cholesterol  concentration  was  higher 
in  those  with  ASCVD,  but  HDL  levels  in  diabetics  with  evidence  of  ASCVD 
were  similar  to  the  HDL  levels  in  those  who  died  without  ASCVD. 

The  relationship  between  plasma  lipid  concentrations  and  prevalence  of  EKG 
abnormalities  was  next  examined  using  fresh  plasma  samples  obtained  from 
fasting  patients  seen  at  biennial  examinations  during  a  one  year  period. 
Lipoproteins  were  isolated  by  ultracentrifugation  and  total  and  lipo- 
protein cholesterol  and  triglylcerides  were  measured  on  the  Autoanalyzer. 
EKG  abnormalities  were  defined  using  the  Tecumseh  criteria.  Subjects  with 
abnormalities  were  matched  with  paired  controls  selected  from  those  with 
no  evidence  of  EKG  abnormalities  and  matched  for  age  (decade),  sex,  weight, 
(within  5  Kg),  diabetic  status  and  diabetic  treatment.  In  nondiabetics 
means  for  total  cholesterol  and  total  triglycerides  were  higher  in  those 
with  abnormal  EKGs,  but  the  differences  were  not  significant.  HDL  choles- 
terol levels  and  the  ratio  of  total/HDL  cholesterol  were  similar  in  non- 
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diabetics  with  and  without  abnormal  EKGs.   In  the  diabetics,  EKG  abnormal- 
ties  were  associated  with  lower  HDL  cholesterol  (p<0.05)  and  higher  ratios 
of  total/HDL  cholesterol  (p<.01).  Diabetic  subjects  with  abnormalities 
had  higher  triglycerides  but  the  difference  was  not  significant.  These 
results  indicate  that  the  hyperlipemia  associated  with  diabetes  may  be 
influential  in  the  development  of  its  macrovascular  complications. 

c.   Comparison  of  Pima  and  Caucasian  Diabetics:   Individuals  in  the: 
Pima  population  with  evidence  of  EKG  abnormalities  have  been  identified  and 
plasma  samples  are  being  obtained  at  the  Sacaton  clnic  from  these  individuals 
at  the  time  of  their  biennial  examination.  Lipoprotein  cholesterol  and 
triglycerides  are  being  measured  and  HDL  subfractions  isolated  from  these  and 
from  controls  matched  for  age,  sex,  weight  and  diabetic  status.  Comparable 
groups  of  Caucasians  with  EKG  abnormalities  have  been  identified  by  Drs. 
Fuller  and  Mattock  in  London  and  Drs.  Nikkila  and  Taskinen  in  Helsinki  for 
similar  lipoprotein  quantification.  To  date  50  Pimas  with  EKG  changes  have 
been  identified  and  analyzed. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  study  will  determine  whether  changes  in  lipoprotein  composition,  and 
especially  HDL  cholesterol  levels,  are   associated  with  diabetes  and  the 
development  of  ischemic  heart  disease.  The  data  obtained  on  HDL  subclasses 
will  help  elucidate  the  relationship  of  this  lipoprotein  to  the  development 
of  diabetes  and  atherosclerosis.  Since  this  population  serves  as  a  carefully 
defined  model  for  adult  onset  diabetes,  the  data  should  contribute  to  an 
understanding  of  the  effects  of  diabetes  on  lipoprotein  metabolism  and  the 
relationship  of  lipoproteins  to  the  development  of  both  atherosclerosis  and 
microvascular  complications. 

Proposed  Course: 

1.   Determination  of  lipoprotein  composition  in  normal  and  diabetic  Indians. 

a.  Comparison  of  nondiabetics  and  diabetics.  Assays  of  lipoprotein 
cholesterol  and  triglycerides  and  apoprotein  levels  in  all  individuals  over 
age  15  seen  for  biennial  exams  will  be  continued  in  order  to  obtain  enough 
samples  for  analyses  by  age  groups  within  the  normal  and  diabetic  population. 
Data  analysis  will  begin  and  results  of  Pima  lipoprotein  patterns  will  be 
compared  to  Caucasian  diabetics  selected  and  assayed  by  Drs.  Fuller  and  Nikkla. 
Methods  will  be  developed  for  assay  of  apoproteins  B,  C,  E,  and  A  so  that  data 
on  lipoprotein  lipids  may  be  compared  to  that  of  apoproteins. 

b.  Studies  on  HDL.  Measurements  will  continue  of  HDL  composition  in 
35-54  year  old  diabetic  and  nondiabetic  Pima  Indians.   In  addition,  a  radio- 
immunoassay will  be  developed  to  measure  apo  A-1  and  apo-2  levels  in  the 
HDL  fractions  and  to  compare  these  in  HDL  from  nondiabetics  and  diabetics. 
Analysis  of  the  data  on  individuals  with  EKG  changes  will  begin  and  results 
will  be  compared  to  the  Caucasian  data. 
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c.   Design  of  prospective  study  on  plasma  lipoproteins  and  the 
development  of  ASCVD  in  diabetics.  In  conjunction  with  the  Epidemiology  and 
Field  Studies  Section  a  prospective  study  will  be  designed  and  instituted  to 
determine  the  relation  between  lipoprotein  composition  and  the  development 
of  cardiovascular  disease  in  diabetics.  Several  criteria  in  addition  to  EKG 
measurements  will  be  instituted  for  the  evaluation  of  cardiac  and  peripheral 
vascular  disease.  The  basis  for  patient  selection  will  be  the  large  sample 
on  whom  baseline  lipoprotein  measurements  have  been  accomplished. 
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Relation  between  fatty  acid  levels  and  somatostatin  secretion.  To 
investigate  the  effect  of  acute  elevation  of  plasma  free  fatty  acids  on 
the  secretion  of  splanchnic  somatostatin-1 ike  immunoreacti vity  (in  collabo- 
ration with  Dr.  Unger)  the  peripheral  venous  pancreatic  and  gastric  venous 
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effluent  levels  of  SLI  were  measured  in  normal  and  chronic  alloxan  diabetic 
dogs  before  and  after  the  infusion  of  a  fat  emulsion  supplemented  with 
heparin.  In  normal  conscious  dogs  heparin,  injected  during  the  infusion  of  a 
fat  emulsion,  elevated  FFA  levels  from  a  mean  (±  SE)  baseline  level  of 
0.7+0.1  mEq  to  a  peak  value  of  1.5+^0.1  mEq/1  (p<.001)  and  plasma  SLI  rose 
from  a  mean  (+SE)  baseline  value  of  1.5+7  pg/ml  to  a  peak  of  253±44  pg.ml 
{p<0.05).  Neither  the  infusion  of  glycerol,  of  fat  emulsion  without  hepaiin, 
of  heparin  alone  nor  of  saline  itself  had  an  effect  on  either  the  plasma 
level  of  FFA  of  SLI.   In  another  group  of  anesthetized  dogs  with  surgically 
implanted  catheters  the  adminis  tration  of  fat  emulsion  plus  heparin  was 
accompanied  by  more  than  a  two- fold  rise  in  the  concentration  of  SLI  in  the 
venous  effluent  of  the  pancreas  and  of  the  gastric  fundus  and  antrum  in 
association  with  an  elevation  of  FFA  levels.   In  a  group  of  conscious  diabetic 
dogs  fat  emulsion  plus  heparin  raised  FFA  from  a  mean  baseline  level  of  1.2± 
0.2  mEq/1  to  1.6±0.3  mEq/1  (p<.05)  and  SLI  rose  from  a  mean  baseline  level  of 
185±9  pg/ml  to  a  peak  value  of  310±44  pg/ml  (p<0.01).  Although  SLI  levels 
were  significantly  greater  than  in  normal  dogs  at  several  time  points  after 
the  rise  in  FFA,  the  magnitude  of  the  increment  in  diabetic  dogs  did  not 
differ  from  normal.  These  result  demonstrate  that  a  rise  in  FFA  levels  is  a 
potent  stimulus  for  SLI  secretion  from  the  pancreas  and  stomach  and  raise  the 
possibility  that  FFA  is  an  important  physiological  regulator  of  SLI  selection. 

High  plasma  levels  of  free  fatty  acids  (FFA)  stimulate  the  secretion  of 
splanchic  somatostatin,  and  both  are  elevated  in  insulin  deficiency.  To 
determine  if  the  hypersomatostatinemia  of  insulin  deficienty  is  secondary  to 
high  FFA  levels,  plasma  somatostatin-l ike  immunoreacti vity  (SLI)  was  measured 
in  a  group  of  insulin-deprived  alloxan  diabetic  dogs  during  nicotinic  acid- 
induced  lowering  of  their  elevated  plasma  FFA  to  normal  and  in  a  group  of 
nondiabetic  dogs  during  nicotinic  acid-induced  lowering  of  the  FAA  to 
subnormal  values.  In  insulin-deprived  diabetic  dogs,  nicotinic  acid  reduced 
plasma  FFA  from  1.07+0.2  (M  ±  SE)  mmol/1  to  0.6±0.1  mmol/1  (p<0.02),  approx- 
imately the  basal  FFA  level  in  normal  dogs.  This  was  accompanied  by  a 
significant  decline  in  plasma  SLI  levels  from  a  mean  baseline  of  247±15  pg/ml 
to  a  mean  nadir  of  199±10  pg/ml  (p<0.005).  The  latter  was,  nevertheless, 
significantly  above  the  basal  SLI  level  of  the  nondiabetic  dogs.   In  contrast, 
in  nonnal  dogs  nicotinic  acid-induced  reduction  in  FFA  from  0.54±0.02  mmol/1 
to  0.24+0.03  mmol/1  (p<0.001)  was  associated  with  only  a  small  and  inconsistent 
decrease  in  SLI.  These  findings  suggest  that  the  hyper-matostatinemia  of 
insulin  deficient  alloxan  diabetic  dogs  is,  in  part,  secondary  to  high  plasma 
FFA  levels. 


1012 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 

HEALTH  AND  HUMAN  SERVICES 

PUBLIC  HEALTH  SERVICE 

NOTICE  OF 

INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl   AM54017-05  DDb 


PERIOD  COVERED 

October  1,  1980  to  September  30,  1981 


TITLE  OF  PROJECT  (80  characters  or  less) 

Effects  of  Weight-reduction  on  glucose  tolerance  and  gluco-regulatory  hormones 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI 

OTHER: 


J.S.  Reitman 
S.L.  Aronoff 
M.  Nagulesparan 


Staff  Physician 

Chief 

Guest  Worker 


PCRS,  NIAMDD 
PCRS,  NIAMDD 
PCRS,  NIAMDD 


COOPERATING  UNITS  (if  any) 

R.H,  Unger,  University  of  Texas  Health  Science  Center,  Dallas 

A.H.  Rubenstein,  University  of  Chicago,  School  of  Medicine,  Chicago 


lab/branch 

Digestive  Diseases  Branch 


SECTION 

Phoenix  CI inical 


^search  Section 


INSTITUTE  AND  LOCATION 

NIAMDD,  NIH,  Phoenix,  Arizona  85016 


TOTAL  MANYEARS: 


4.3 


PROFESSIONAL: 


1.3 


3.0 


check  APPROPRIATE  BOX(ES) 
S  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   □  (a2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


n  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  shown  that  weight  reduction  improves  insulin  sensitivity  and  insulin 
secretory  response  to  oral  glucose~in  obese  normal  and  diabetic  subjects. 
Further  studies  designed  to  help  elucidate  the  relationship  of  Type  II  diabetes 
to  obesity  have  employed  insulin  therapy  and  exercise  training.  Short  term 
(10  days)  insulin  therapy  was  shown  to  have  no  effect  on  sensitivity  to  insulin 
as  measured  by  the  glucose  clamp  technique,  however,  there  was  an  improvement  in 
the  blunted  insulin  response  to  oral  glucose.  Six  to  twelve  weeks  of  aerobic 
bicycle  exercise  resulted  in  improvement  in  maximal  oxygen  uptake  capacity  in 
obese  normal,  glucose  intolerant  and  diabetic  subjects.  Exercise  training 
resulted  in  improvement  in  insulin  sensitivity  in  normal,  glucose  intolerant 
and  mildly  diabetic  subjects,  but  no  improvement  was  seen  in  moderately  diabetic 
subjects.  On  the  other  hand,  oral  glucose  tolerance  improved  in  all  diabetic 
subjects  and  could  be  attributed  in  part  to  an  improvement  in  the  early  insulin 
response  with  exercise  training  in  the  diabetics. 
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Project  Description: 

Objectives:  Many  components  of  the  natural  history  of  diabetes  remain 
to  be  described.  A  major  difficulty  is  the  absence  of  sequential  data  on 
individuals  in  transition  from  the  normal  to  the  diabetic  state.  The  study 
of  obese  subjects  with  borderline  glucose  ^"olerance  compared  to  those  with 
recent-onset  and  long-term  diabetes  is  one  approach  to  learning  about  the 
interrelationships  of  glucose  tolerance  and  glucose  regulatory  hormone 
levels.  Study  of  these  different  stages  of  diabetes  employing  various 
interventions  such  as  weight  loss,  exercise  or  strict  control  of  blood 
glucose  with  exogenous  insulin  therapy  may  reveal  information  concerning 
the  reversibility  of  defects  in  insulin  secretion  and  its  regulation,  and 
sensitivity  to  insulin  at  various  stages  in  the  development  of  diabetes. 

Our  studies  of  weight  reduction  have  already  revealed  that  oral  glucose 
tolerance  improves  with  improved  insulin  secretion  in  recent  onset  diabetics, 
but  i.v.  glucose  tolerance  remains  impaired  with  lack  of  an  acute  insulin 
response.  Subjects  with  impaired  glucose  tolerance  demonstrate  exaggerated 
insulin  secretion  in  response  to  oral  glucose  before  weight  reduction  and 
this  decreases  following  weight  loss  in  spite  of  improvement  in  glucose 
tolerance.  With  weight  reduction  in  long-term  (>5  years  duration)  diabetics, 
oral  glucose  tolerance  and  as  well  as  the  insulin  secretory  response  to  oral 
glucose  response  improve;  however,  the  improvement  in  glucose  tolerance  is 
much  poorer  than  in  recent-onset  diabetics,  implying  a  greater  deqree  of 
insulin  resistance. 

To  extend  these  observations  we  have  embarked  upon  a  program  to  examine  (1) 
the  effects  of  "tight"  control  of  blood  sugar  with  insulin  therapy  in 
diabetes  and  (2)  the  effects  of  physical  exercise  on  glucose  tolerance  and 
insulin  secretion  in  diabetics. 

Methods  Employed:  To  study  the  effect  of  exogenous  insulin  treatment  on 
glucose  homeostasis  in  diabetes,  seven  obese  Type  II  diabetics  were  placed 
on  a  AS%   CHO,  35',  fat,  20%  protein  weight  maintenance  diet  and  treated  with 
four  daily  injections  of  regular  insulin  in  order  to  maintain  the  plasma 
glucose  near  100  mg/dl .  Subjects  were  studied  before  and  after  insulin 
treatment  with  a  75  gm  oral  glucose  tolerance  test  and  a  test  of  insulin 
sensitivity  employing  a  constant  insulin  infusion  with  variable  glucose 
infusion  to  maintain  blood  sugar  at  100  mg/dl  (glucose  clamp). 

Six  obese  Type  II  diabetics  and  seven  obese  nondiabetic  controls  took  part 
in  an  exercise  study,  in  which  the  subjects  engaged  in  daily,  intermittent, 
aerobic  bicycle  exercise.  The  diabetics  each  underwent  a  75  gm  oral  glucose 
tolerance  test,  euglycemic  glucose  clamp  (GC),  24  hour  urinary  glucose  and 
C-peptide  determinations,  and  body  density  measurement  (underwater  weighing). 
Five  of  the  six  diabetics  also  had  maximal  oxygen  uptake  determination  before 
and  throughout  the  training  period  to  monitor  physiologic  improvement  with 
training. 
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Major  Findings: 

1  •   Effect  of  Control  of  Glucose  with  InsuHn  Therapy.  Control  of 
plasma  glucose  levels  in  seven  obese  Type  II  diabetics  by  regular  insulin 
injection  (60-205  U/day  in  four  divided  doses)  resulted  in  significant 
improvement  in  plasma  insulin  and  C-peptide  responses  to  oral  glucose.  After 
10  days  of  therapy  insulin  induced  glucose  disposal  rates  (M  values)  estimated 
by  the  glucose  clamp  technique  were  unchanged.  In  two  diabetics  whose  therapy 
was  extended  to  30  days,  M  values  increased.  These  results  indicate  that 
short-term  control  of  plasma  glucose  improve  insulin  secretion  but  not 
insulin  sensitivity  and  that  prolonged  control  may  improve  both.  The  impaired 
insulin  secretion  and  insulin  sensitivity  in  Type  II  diabetics  appears  to  be 
in  part  secondary  to  metabolic  abnormalities  associated  with  hyperglycemia. 

2.   Effects  of  Physical  Exercise.  Six  obese  nondiabetic  controls  (two 
had  mildly  elevated  2  hour  glucose  values  (185-190)  were  studied.  Of  the 
four  who  have  completed  the  OGTT  before  and  after  exercise  oral  glucose 
tolerance  improved  slightly  in  all  four  and  insulin  secretory  response  to 
oral  glucose  was  essentially  unchanged  in  all.  Three  have  completed  the 
GC  before  and  after  exercise.  Of  these  two  showed  marked  improvement  in 
insulin  sensitivity  and  one  was  unchanged. 

Of  the  diabetic  subjects,  one  was  borderline  (FBS  =  110,  2  hour  glucose  = 
217),  two  were  mild  (FBS  140), two  were  moderate  (FBS  -   170-200)  and  one  was 
severe  (FBS  250).  The  severe  diabetic  has  not  yet  completed  the  protocol. 
All  diabetics  showed  substantial  improvement  in  exercise  capacity  and  VO2 
max.  All  of  the  diabetics  achieved  better  control  of  blood  sugar  while 
maintaining  weight  during  the  exercise  program, and  glucose  tolerance 
improved.  Thirty  minute  insulin  secretory  response  was  improved  in  all,  but 
the  integral  of  the  insulin  responses  to  oral  glucose  was  unchanged.  The 
one  borderline  and  one  of  the  mild  diabetics  demonstrated  improvement  in 
insulin  sensitivity  by  GC  with  training.  None  of  the  other  diabetics  showed 
improvements  in  insulin  sensitivity,  although  glucose  tolerance  was  improved 
in  all. 

Body  density  determinations  appear  to  indicate  that  most  subjects  have  a 
slight  exchange  of  fat  for  lean  body  mass  (~1  Kg)  after  exercise  training, 
although  such  a  change  is  well  within  the  variability  of  the  method. 

The  results  to  date  indicate  that  the  response  of  in  vivo  sensitivity  to 
insulin  (GC)  in  obese  individuals  to  exercise  training  appears  to  depend  in 
large  part  upon  the  degree  of  abnormality  in  glucose  tolerance,  with  well- 
established  diabetics  showing  the  least  response  of  insulin  sensitivity  to 
training.  On  the  other  hand  improvement  in  control  of  plasma  glucose 
occurred  in  all  the  diabetics  studied.  Furthermore,  the  more  severe 
diabetics  appeared  to  have  a  greater  return  of  insulin  secretory  response 
to  oral  glucose.  This  is  similar  to  the  results  of  10  day  treatment  with 
exogenous  insulin  in  the  first  study,  in  which  insulin  sensitivity  was 
unchanged,  but  secretory  response  to  oral  glucose  improved.  Thus,  it  appears 
that  exercise  can  improve  disposal  of  blood  glucose  sufficiently  (in  spite 
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of  caloric  intake)  to  improve  overall  plasma  glucose  control.   Improved 
control  by  whatever  means  (insulin  treatment,  weight  loss  or  exercise) 
appears  to  improve  the  insulin  response  to  oral  caloric  stimuli. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Weight  reduction,  exogenous  insulin  treatment  and  exercise  training  all 
appear  to  improve  certain  metabolic  papameters  which  define  the  diabetic 
state.  Besides  simple  improvement  in  plasma  glucose  control,  these  inter- 
ventions also  result  in  improvements  in  receptor  binding  and  insulin  sensi- 
tivity (with  weight  reduction)  and  insulin  response  to  oral  glucose  (weight 
reduction,  exercise,  and  insulin  treatment). 

Obese  normal  and  glucose  intolerant  subjects  are  known  to  benefit  from  weight 
reduction  (improvement  in  receptor  binding  and  insulin  sensitivity  and  a 
more  normal  insulin  response  to  oral  glucose).   It  now  appears  that  exercise 
training  also  can  improve  glucose  tolerance  and  insulin  action  in  these 
groups  and  could  be  used  as  an  adjunct  to  weight  control  for  the  treatment 
of  these  conditions. 

These  findings  are  expected  to  increase  understanding  of  the  relationship 
between  obesity  and  diabetes  and  improve  methods  of  treating  these  conditions. 

Proposed  Course:  We  plan  to  complete  the  studies  of  exercise  in  those 
patients  still  engaged  in  the  protocol  in  order  to  extend  our  findings. 
24  hour  C-peptide  excretion  will  be  measured  to  give  additional  insight  into 
the  functioning  of  the  ..-cell  before  and  after  exercise  or  weight  loss. 
Studies  of  lipid  metabolism  in  obese  normal  subjects  before  and  after 
exercise  are  also  in  progress. 

Publ ications : 


Nagulesparan,  M.,  Savage,  P.J.,  Bennion,  L.J.,  Linger,  R.H.,  and  Bennett, 
P.M.:  Diminished  effect  of  caloric  restriction  on  control  of  hyper- 
glycemia with  increasing  known  duration  of  Type  II  diabetes  mellitus. 
J.  Clin.  Endocrinol.  Metab.  ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Age,  sex  and  weight  matched  groups  of  genetically  normal,  prediabetic  and 
diabetic  Pima  Indians  and  normal  Caucasians  were  examined  by  means  of  oral 
and  intravenous  glucose  tolerance  tests,  arginine  infusions,  in  vivo  insulin 
resistance  measurements,  glucose  clamp  technique  and  circulatory  mononuclear 
cell  insulin  receptor  assays,  and  urinary  protein  profiles  to  determine 
whether  abnormalities  of  insul in,  glucagon  secretion  or  other  measurements 
are  characteristic  of  the  prediabetic,  diabetic,  obese  and  non-obese  states. 
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Project  Description: 

This  investigation  is  a  continuation  and  expansion  of  the  previous  projects: 
1)  Evaluation  of  the  Prediabetic  and  Diabetic  State  in  the  Pima  Indians 
(ZOl  AM  69003-0   EFSB),  2)  Evaluation  of  the  Prediabetic  State  in  the  Pima 
Indians-Caucasian  Controls  (ZOl  AM  69004-0  EFSB),  3)  Evaluation  of  Basement 
Membrane  Thickness  in  Diabetic  Pima  Indians  (ZOl  AM  69005-05  EFSB). 

Objectives :  flany  components  of  the  natural  history  of  diabetes  remain 
to  be  described.  A  prospective  study  of  genetically  suspect  prediabetic 
subjects  (defined  as  the  non-diabetic  offspring  of  two  diabetic  parents) 
appears  to  be  the  most  direct  and  reliable  method  of  describing  the  natural 
history  of  the  disease. 

Study  of  the  prediabetic  will  enable  us  to  better  understand  the  inter- 
relationship of  glucose  levels  with  insulin  and  qlucaqon  levels,  an  area 
which  has  remained  controversial.  These  studies  will  also  clarify  the 
relationship  of  hyperglycemia  to  microangiopathy.  Detailed  studies  of 
urinary  protein  abnormalities  and  muscle  capillary  basement  membrane  thick- 
ness have  been  examined  in  the  Pima  and  should  clarify  the  history  of  some 
of  the  earliest  physical  abnormalities  found  in  diabetes. 

Obesity  associated  with  hyperinsul inemia  is  a  significant  factor  in  the 
development  of  diabetes  in  this  population.  Therefore,  a  prospective  study 
of  the  obese  and  pre-obese  subjects  could  help  in  understanding  the  factors 
related  to  the  eventual  development  of  diabetes  in  the  Pima  Indians. 

The  purposes  of  the  study  are: 

1.  To  determine  whether  there  are  abnormalities  in  carbohydrate 
metabolism  gluco-requlatory  hormone  secretion,  urinary  protein  excretioh  or 
capillary  basement  membrane  thickening  in  nondiabetic  Pima  Indians  compared 
with  nondiabetic  Caucasian  controls. 

2.  To  determine  if  there  are  differences  in  these  variables  between 
Pima  Indians  with  tvyo  diabetic  parents  and  those  with  two  nondiabetic  parents, 

3.  To  determine  the  differences  in  carbohydrate  metabolism  and  gluco- 
regulatory  hormone  secretion  between  lean  and  obese  Pima  Indians. 

4.  To  initiate  a  long-term  prospective  study  of  prediabetes. 

Methods  Employed:  Obese  and  lean  Pima  Indians,  with  normal  glucose 
tolerance,  nondiabetic  offspring  of  two  diabetic  parents,  nondiabetic  off- 
spring of  two  nondiabetic  parents,  subjects  with  long  and  short  duration  of 
documented  diabetes  and  nondiabetic  Caucasians  with  two  nondiabetic  parents 
were  studied. 
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Following  dietary  proparation  all  subjects  were  admitted  to  the  Clinical 
Research  Center  for  testing.  Tests  included  an  oral  glucose  tolerance  test, 
an  intravenous  glucose  tolerance  test,  an  arginine  infusion,  fundus  photo- 
graphs and  24-hour  urine  collected  for  determination  of  specific  urinary 
proteins  by  nephelometry. 

Two  sub-groups  of  diabetics  were  examined;  a)  long-term  diabetics,  defined 
as  subjects  with  fasting  plasma  glucose  >_140  mg/lOOml  or  two  hour  post- 
carbohydrate  load  glucose  >  300  mg/lOOmI  and  >  10  years  duration  with  and 
without  retinopathy,  and  b)  short-term  diabetics  defined  as  subjects  who 
have  had  a  documented  marked  deterioration  in  their  oral  glucose  tolerance 
over  the  last  five  years  from  a  two  hour  post-carbohydrate  load  plasma  glucose 
<_140  mg/lOOmI  to  a  two  hour  plasma  glucose  ^300  mg/lOOml. 

The  very   high  prevalence  of  diabetes  in  the  Pima  people,  while  providing  a 
very  large  group  of  genetically  prediabetic  individuals,  raised  a  problem  of 
finding  individuals  who  are  truly  normal.  Genetically  normal  Pima  offspring 
were  selected  from  phenotypical ly  normal  parents  45  years  of  age  or  older. 
It  is  possible,  however,  that  with  the  high  prevalence  of  diabetes  in  this 
tribe,  virtually  all  the  Pimas  could  carry   the  diabetic  genome.  Because  of 
this  possibility,  a  group  of  non-diabetic  Caucasians  with  nondiabetic  family 
histories  were  examined  as  an  additional  control  group  to  compare  with  the 
"normal"  Pimas. 

Studies  of  insulin  secretion  and  insulin  action  were  performed  on  Pima  Indians 
and  Caucasians  over  a  range  of  obesity.  Tests  of  insulin  action  included  the 
measurement  of  insulin  resistance,  a)  using  an  infusion  of  insulin,  qlucose 
and  somatostatin  and  b)  glucose  clamp  of  technique  of  Andres. 

Tests  of  insulin  secretion  included  the  oral  glucose  tolerance  test,  intra- 
venous glucose  tolerance  test,  arginine  infusion  and  standard  meal.   Insulin 
secretion  during  hyperinsul inemia  was  determined  using  the  "euglycemic  clamp" 
technique  of  Andres. 

Results: 


1.   Insulin  Levels  in  the  Pima.  The  pattern  of  insulin  response  to  oral 
and  intravenous  glucose  has  been  claimed  to  be  characteristic  of  diabetes  and 
prediabetes.  While  insulin  responses  to  oral  glucose  were  reduced  in  subjects 
with  two  hour  qlucose  levels  over  225  mg/dl  and  the  acute  phase  insulin 
release  was  absent  in  all  diabetics  there  was  evidence  of  hyperinsul inemia  in 
the  Pima  nondiabetics  compared  to  the  Caucasians.  The  normal  and  prediabetic 
Indians  had  higher  stimulated  insulin  levels  during  all  the  tests  than  those 
on  the  Caucasians.  Differences  in  insulin  levels  between  the  two  could  not 
be  explained  by  differences  in  alucose  level,  age  or  obesity.  These  higher 
plasma  insulin  levels  in  the  Pima  may  be  because  of  a  primary  abnormality  in 
insulin  secretion  due  to  a  hypersecretory  3  cell  or  occur  as  a  secondary 
phenomenon  to  compensate  for  increased  in  vivo  insulin  resistance. 
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2.  C-Peptide  Studies.  To  assess  whether  hepatic  insulin  extraction 
is  diminished  in  the  Pima,  serum  insulin  and  C-peptide  concentrations  were 
determined  durinq  oral  glucose  tolerance  tests  performed  on  ten  Pima  Indians 
and  ten  Caucasians  with  normal  glucose  tolerance  and  a  range  of  fasting 
insulin  levels.  The  results  indicate  that  there  is  no  abnormality  of  hepatic 
insulin  extraction  in  the  Pimas.   In  addition,  this  study  suggests  that  the 
fractional  hepatic  extraction  of  insulin  does  not  change  over  a  wide  range 

of  obesity  and  insulin  levels. 

3.  Studies  of  Insulin  Resistance.  An  improved  method  has  been 
developed  to  measure  in  vivo  resistance  to  insulin  mediated  glucose  disposal 
in  order  to  investigate  the  mechanism  of  the  hyperinsul inemia  and  diabetes 
prevalent  in  the  Pima  Indians.  A  mixture  of  glucose  (420  mg/min),  insulin 
(0.77  mu/kg/min),  and  somatostatin  (500  uq/hr)  was  infused  for  150  minutes. 

A  steady  state  level  of  plasma  insulin  (SSPI)  and  glucose  (SSPG)  was  attained 
after  90  minutes.  Endogenous  insulin  secretion  determined  by  C-peptide 
measurement  and  glucagon  remained  suppressed  throughout  the  infusion.  The 
above  method  was  used  to  determine  whether  insulin  resistance  of  obese 
glucose  intolerant  subjects  can  be  accounted  for  by  obesity  alone.  Fourteen 
obese  glucose  intolerant  and  twenty-one  diabetic  Southwestern  American 
Indians  with  similar  degrees  of  obesity  were  studied.  The  mean  SSPG  was 
higher  in  the  glucose  intolerant  subjects  than  in  weight  matched  subjects 
with  normal  glucose  tolerance  (226+10  vs  136+13  mq/dl  p<0.0001)  indicating 
that  obesity  was  not  the  only  factor  responsible  for  the  increased  resistance 
in  obese  glucose  intolerant  subjects.  This  increased  resistance  to  insulin 
action  was  found  in  the  presence  of  similar  insulin  binding  to  mononuclear 
cells.  It  appears  that  in  obese  Southwestern  American  Indians  with  glucose 
intolerance,  abnormalities  beyond  the  site  of  insulin  binding  to  the  receptor 
may  explain  the  observed  increase  in  in  vivo  insulin  resistance. 

To  determine  whether  the  Pima  Indians  with  normal  glucose  tolerance  have 
increased  in  vivo  resistance  compared  to  weight  matched  Caucasian  subjects, 
twenty-two  Pima  Indians  and  twenty  Caucasians  were  studied.  The  SSPG  levels 
increased  with  increasing  obesity  (BMI)  in  both  Pima  Indians  (r=0.57)  and 
Caucasians  (r=0.47).  Adjusting  for  age,  sex,  and  BMI  the  SSPG  averaged  28+13 
mg  higher  in  the  Indians  than  in  the  Caucasians.   Insulin  binding  to  mono- 
nuclear cells  was  measured  in  a  group  of  Pima  and  Caucasians  and  found  to  be 
similar. 

Our  studies  show  that  the  Pima  Indians  have  hyperinsul inemia  and  higher 
in  vivo  insulin  resistance  than  Caucasians  with  equivalent  degree  of  obesity 
and  glucose  tolerance.  The  role  of  hyperinsul inemia  and  of  insulin  resistance 
in  the  pathogenesis  of  obesity  and  diabetes  in  the  Pima  remain  to  be  defined. 
Furthermore,  it  is  unclear  whether  insulin  resistance  appears  first  or  if  it 
is  secondary  to  hyperinsul inemia.  Only  longitudinal  studies  of  these  factors 
will  elucidate  their  role  in  the  development  of  diabetes  and  obesity. 
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4.   Studies  of  Islet  Cell  Function  Dur1ng_Hyperinsu1  inemla  and 
Euglycemia.  Several  groups  have  demonstrated  that  exogenous  insulin  inhibits 
endogenous  insulin  secretion  in  normal  subjects.  If  the  negative  feedback 
constitutes  an  important  physiological  control  over  insulin  secretion  then 
the  hyperinsul inemia  of  the  obese  would  conceivably  involve  the  defect  of 
this  regulatory  system.  A  similar  defect  in  regulation  of  insulin  secretion 
could  also  partly  explain  the  hyperinsul inemia  observed  in  Pimas  as  compared 
to  Caucasians.  The  present  study  was  therefore  designed  to  examine  the  6 
cell  (and  a  and  PP  cell)  response  to  hyperinsul inemia  at  physiological  levels 
(100  p/ml  above  basal)  in  groups  of  obese  and  nonobese  Pima  Indians  and 
Caucasians  using  the  euglycemic  clamp  technique. 

Our  studies  demonstrate  that  C  peptide  levels  fall  in  response  to  hyper- 
insul inemia  and  that  the  effect  is  seen  in  obese  as  well  as  in  lean  subjects. 
The  magnitude  of  the  C  peptide  drop  was  larger  in  the  obese  than  in  the  lean, 
but  the  percentage  fall  was  similar.  During  hyperinsul inemia,  the  suppressed 
CPR  levels  in  the  obese  were  still  much  higher  than  either  the  insulin- 
suppressed  levels  in  the  obese  or  the  basal  levels  in  the  lean.  Plasma 
glucagon  levels  were  comparably  suppressed  by  insulin  in  lean  and  obese 
subjects.  The  rates  of  recovery  from  insulin  suppression  differed  in  the  two 
types  of  islet  cells.  The  3  cell  recovered  more  rapidly  than  the  alpha  cells, 

This  study  presents  evidence  to  suggest  that  insulin  in  physiological  amounts 
can  inhibit  both  the  :<.  and  3  cell  and  that  in  the  obese  complete  resistance 
of  the  B  cell  to  insulin  can  be  excluded.   It  is  therefore  possible  that  the 
hypersecretion  of  insulin  in  obese  subjects  could  be  due  to  (1)  increased  6 
cell  mass  with  normal  suppressibi 1 ity  by  insulin  or  (2)  that  there  is  sub- 
population  of  6  cells  in  the  islets  of  obese  subjects  which  is  hypersecretory 
and  resistant  to  regulation  by  insulin. 

Ten  lean  and  ten. obese  Caucasians  and  ten  obese  Pima-Papaqo  Indians  were 
studied.  None  were  diabetic.  Plasma  insulin  was  raised  acutely  and  main- 
tained for  90  minutes;  euglycemia  was  maintained  by  the  clamp  method  during 
hyperinsul inemia  and  during  the  90-150  minute  recovery  period.  Base  line 
C-peptide  levels  in  the  two  obese  groups  averaged  2-4  times  those  of  the 
lean  subjects.  During  hyperinsul inemia,  a  gradual  decline  of  C-peptide 
occurred  in  all  qroups.  The  suppressed  CPR  levels  in  the  two  obese  groups 
averaged  0.77  pm/ml  and  0.82  pm/ml ,  about  2-2.5  times  as  high  as  the  basal 
levels  in  the  lean  (0.33),  and  were  4-5  times  higher  than  the  suppressed 
levels  in  the  lean  group  (0,17  pm/ml).  Plasma  glucagon  levels  in  all  groups 
were  suppressed  to  the  same  extent  during  and  after  the  insulin  infusion.  To 
further  investigate  the  causes  of  hyperinsul inemia  in  obesity,  a  study  of  six 
obese  and  four  lean  Pima  Indians  has  been  carried  out.  On  three  different 
days  plasma  insulin  was  raised  acutely  10,  25  or  100  yU/ml  above  the  fasting 
concentration  and  maintained  for  90  minutes.  In  the  pre-clamp  period  insulin 
and  C-peptide  levels  of  the  obese  subjects  were  three  fold  greater  than  those 
of  the  lean.  On  preliminary  analysis  of  the  data,  we  find  that  the  maximum 
suppression  of  C-peptide  levels  occurred  at  the  highest  plasma  insulin  levels 
(100  uU/ml  above  basal)  and  the  C-peptide  suppression  was  similar  in  both 
obese  and  lean  groups.  Plasma  qlucaqon  was  also  suppressed  to  a  comparable 
degree  in  both  groups. 
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5.   Urinary  Protein  Excretion  1n  Diabetics.  This  study  was  designed  to 
determine  if  good  control  of  plasma  glucose  levels  in  obese  Type  II  diabetic 
subjects  could  result  in  a  reduction  of  urinary  protein  excretion.  Twenty- 
four  hour  urine  sanples  were  collected  before  and  after  hypocaloric  diet 
therapy  for  a  2-4  month  period  in  seven  nondiabetic,  seven  glucose  intolerant 
and  twenty-seven  diabetic  subjects.  After  diet  therpy,  fasting  and  two  hour 
plasma  glucose  levels  after  oral  glucose  load  remained  normal  in  nondiabetics 
and  improved  significantly  in  both  the  glucose  intolerant  and  diabetic 
subjects.  The  concentration  of  plasma  proteins  and  albumin  present  in  the 
urine  were  measured  by  an  immunonephelometric  technique  using  specific  anti- 
sera  against  human  total  plasma  protein  and  albumin.  No  changes  were  found 
in  either  total  protein  or  albumin  in  the  nondiabetics.  Protein  concentra- 
tions decreased  in  both  the  intolerant  and  the  diabetic  subjects.   In  two 
cases  diminished  proteinuria  has  persisted  from  eight  to  ten  months.  The 
findings  suggest  that  control  of  hyperglycemia  is  associated  with  reduction 
of  proteinuria  in  Type  II  diabetics. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  studies  are  providing  information  on  issues  which  have  been  contro- 
versial in  diabetes  research  for  over  a  decade.  They  are  making  it  possible 
to  systematically  approach  the  cause  of  diabetes  in  the  Pima,  a  group  with 
the  highest  known  prevalence  of  maturity  onset  diabetes. 

Proposed  Course:  Subjects  will  be  recalled  every   two  years  for  an  addi- 
tional series  of  tests.  The  second  recall  is  now  in  progress.  This  should 
enable  careful  documentation  of  the  natural  history  of  diabetes.  Additional 
studies  will  be  conducted  to  evaluate  the  site  of  insulin  resistance  in  the 
hyperinsul inemic  Pimas.  Further  studies  of  islet  cell  function  are  also 
planned  to  determine  the  factors  which  could  cause  the  hyperinsul inemia  in 
the  Pima  Indian.  Longitudinal  studies  of  these  factors  may  explain  their 
role  in  the  development  of  diabetes  and  obesity. 
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NIH  Contract  No.  NO! -AM-6-221 9  Starting  Date:  September  1,  1980 

Expiration  Date:  October  31,  1981 

Contractor:  University  of  Texas  Health  Science  Center 
Southwestern  Medical  School 

Money  Allocated:  $2,794,619.  Man  years  Purchased:   32.2 

This  contract  is  for  extension  of  the  studies  carried  out  under  the  NIH 
Project  ZOl  AM  54018-0  ,  Characterization  of  Metabolic  and  Morphologic 
Abnormalities  in  Diabetes. 

Work  to  date  has  been  comprised  of  consultation  and  collaboration  on  all 
studies  of  diabetes,  obesity  and  lipid  metabolism  and  the  measurement  of 
glucagon,  insulin,  lipids  and  lipoproteins  on  samples  obtained  by  NIH 
personnel  and  three  contract  physicians  at  the  Phoenix  Clinical  Research 
Center.  All  studies  underway  utilize  contract  personnel  working  both  in 
Phoenix  and  in  Dallas. 

Proposed  Course: 

The  collaboration  on  all  studies  in  progress  at  the  Phoenix  Clinical  Research 
Center  will  continue  as  planned. 
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Project  Description: 

Objectives:  Resistance  to  insulin  mediated  glucose  uptake  is  a  well  docu- 
mented component  of  the  obesity  and  diabetes  which  are  so  prevalent  in  the  Pima 
population.  Diploid  fibroblast  cultures  established  fi^om  skin  biopsies  afford 
an  easily  accessible  system  for  the  examination  of  cellular  metabolic  capacity 
which  is  isolated  from  physiological  variables.  This  project  has  dual  objec- 
tives: (1)  to  examine  the  action  of  insulin  on  glucose  metabolism  in  the  fibro- 
blast. Several  aspects  of  glucose  metabolism  including  hexose  transport,  glyco- 
gen synthesis,  and  CO^  production  will  be  examined  and  the  mechanism  of  in- 
sulin action  on  these  parameters  will  be  investigated.  (2)  to  establish  cul- 
tures from  biopsies  of  genetic  normal,  prediabetic  and  diabetic  Pima  Indians  and 
age-matched  Caucasians  controls  and  to  compare  sensitivity  and  magnitude  of  re- 
sponse to  insulin  using  the  methods  developed  in  (1). 

Major  Findings: 

(1)  Investigations  of  insulin  action  in  the  cultured  fibroblast. 

(a)  Insulin  binding.  The  fibroblast  has  been  shown  to  possess  a  specific 
insulin  receptor  which  is  regulated  by  physiological  levels  of  insulin.  Results 
from  studies  of  whole  cell  receptor  binding  and  insulin  and  MSA  binding  to  par- 
tially purified  insulin  receptor  preparations  from  the  fibroblast  are  summarized 
in  ZOl  AM  54020-03  DD. 

(b)  Insulin  stimulation  of  hexose  transport.  Insulin  stimulation  of 
2-deoxyglucose  uptake  in  cultured  human  skin  fibroblasts  has  been  examined  in 
the  presence  of  varying  concentrations  of  extracellular  glucose.  When  cell 
monolayers  were  preincubated  in  glucose  free  medium,  insulin  stimulation  of 
hexose  transport  was  small.  Increasing  glucose  levels  from  2.7  -  16.7  mM  in  the 
preincubation  medium  enhanced  insulin  stimulated  2-deoxyglucose  uptake  (13-65% 
of  basal  uptake).  Insulin  stimulation  of  hexose  transport  in  the  presence  of 
glucose  was  the  result  of  an  increase  in  Vmax  without  significant  change  in  the 
Km  of  transport.  Maximum  enhancement  of  insulin  action  was  achieved  18-24  hours 
after  glucose  exposure.  After  24  hours  insulin  response  decreased.  Glucose  did 
not  influence  the  concentration  of  insulin  required  for  half  maximal  stimula- 
tion. Growth  conditions  also  altered  the  magnitude  of  insulin  stimulation  of 
2-deoxyglucose  uptake;  response  was  maximal  in  confluent  cells  (5-10  days  of 
culture)  and  decreased  during  senescence.  These  data  demonstrate  that  extra- 
cellular glucose  levels  influence  insulin  action  in  cultured  fibroblasts.  This 
implies  that  insulin  responsiveness  in  vivo  may  be  regulated  in  some  systems  by 
ambient  glucose  levels. 

(c)  Insulin  stimulation  of  glycogen  synthase.  The  effect  of  insulin  on 
glycogen  synthase  activity  in  human  diploid  fibroblasts  has  been  studied.  As 
little  as  2  X  lO-l^M  insulin  increased  the  glycogen  synthase  I   activity 
without  changing  the  total  activity.  Stimulation  occurred  within  5  minutes  and 
became  maximal  in  30  minutes.  A  half  maximal  increase  of  l_   activity  was 
achieved  at  3  X  lO-^M  insulin.  Glucose  starvation  increased  the  magnitude 
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of  response  of  glycogen  synthase  to  insulin  but  did  not  change  the  insulin  con- 
centration necessary  to  give  a  half  maximal  stimulation.  Glucose  increased  the 
basal  level  of  I_  activity  in  human  fibroblasts;  the  effect  of  insulin  was  addi- 
tive. During  in  vitro  senescence  the  total  glycogen  synthase  activity  declined, 
but  the  concentration  of  insulin  which  produced  a  half  maximal  stimulation  re- 
mained unchanged. 

(d)  Insulin  action  in  glucose  oxidation.   Insulin  action  on  glucose  oxida- 
tion has  been  examined  in  human  diploid  fibroblastic  cells.  When  the  fibro- 
blasts were  preincubated  in  the  absence  of  glucose,  insulin  stimulation  of 
I'^C-e-D-glucose  oxidation  was  small  {<  20%).  Preincubation  in  glucose  con- 
taining medium  (2.7  -  11.0  mM)  for  18  hours  enhanced  insulin  stimulation  of 
^^C-6-D-glucose  oxidation  to  a  maximum  of  240%  of  control.  Stimulation  was 
observed  with  as  little  as  IO'^^m  insulin  and  reached  maximum  at  10"8m 
insulin.  Half  maximum  stimulation  was  achieved  at  approximately  9  X  10"^'^M 
insulin  at  all  glucose  concentrations.   In  order  to  examine  the  specificity  of 
insulin  action  on  glucose  oxidation,  the  relative  effectiveness  of  various  insu- 
lin analogues  was  examined.  The  order  of  potency  was  porcine  insulin  (100%)> 
proinsulin  (70%)>  bonito  insulin  (54%)>  desoctapeptide  insulin  (37%).  Multipli- 
cation stimulating  activity  (MSA)  also  stimulated  glucose  oxidation  with  a  half 
maximal  stimulation  at  3  X  10~9m.  The  optimal  pH  for  insulin  stimulation  of 
glucose  oxidation  was  7.4,  and  insulin  action  was  less  at  temperatures  lower 
than  37°C.  When  the  influence  of  growth  conditions  on  insulin  stimulation  of 
glucose  oxidation  was  assessed,  confluent  cells  had  greater  responsiveness  than 
dividing  cells,  and  responsiveness  declined  in  senescent  cells.  When  insulin 
action  and  the  effects  of  glucose  preincubation  were  examined  using  ^^C-l-D- 
glucose,  insulin  action  after  glucose  deprivation  was  aqain  less  than  20%,  but 
glucose  preincubation  had  only  a  small  enhancement  of  •'•^C-1-D-glucose  oxida- 
tion (40%).  To  investigate  the  metabolic  site  of  insulin  action  and  glucose  en- 
hancement of  glucose  oxidation,  the  effect  of  insulin  on  the  distribution  of  in- 
corporated I'^^C-glucose  was  compared  in  cells  preincubated  in  the  presence  or 
absence  of  glucose.   Insulin  stimulation  of  lactate  production  (glycolysis)  was 
significantly  enhanced  by  glucose  preincubation,  whereas  glucose  incorporation 
into  ribose  and  glycogen  was  reduced.  Thus,  insulin  action  on  CO2  produc- 
tion seemed  to  be  a  reflection  of  insulin  action  at  the  site  of  glycolytic-TCA 
pathways;  the  preferential  glucose  enhancement  of  ^'^C-6-D-glucose  oxidation 
appeared  to  be  due  to  the  increased  porportion  of  glucose  used  for  glycolysis 
and  also  to  an  enhancement  of  insulin  action  in  the  glycolytic  pathway.  These 
studies  indicate  that  under  appropriate  culture  conditions  insulin  significantly 
stimulates  J-^C-6-D-  glucose  oxidation  in  cultured  human  skin  fibroblasts. 

Since  insulin  action  in  the  fibroblasts  appears  to  have  similar  fundamental 
characteristics  compared  to  insulin  action  in  other  cell  types,  this  might  be  a 
useful  system  for  further  study  of  insulin  action  on  glucose  metabolism. 

(e)  Influence  of  pH  on  insulin  action.   In  order  to  elucidate  the  mechan- 
ism of  decreased  insulin  action  observed  during  diabetic  ketoacidosis,  the  in- 
fluence of  pH  and  3-hydroxybutyrate  (30HBA)  on  insulin  binding  and  action  has 
been  studied  in  cultured  human  diploid  fibroblasts.  When  the  pH  of  the  incuba- 
tion medium  was  decreased  from  7.6  to  6.8,  insulin  stimulation  of  glycogen 
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synthase  and  total  glucose  uptake  were  decreased.  The  decreased  pH  caused  both 
an  increase  in  the  insulin  concentration  necessary  for  half  maximal  response, 
and  a  decrease  in  maximal  responsiveness.  When  insuin  binding  was  measured  at 
lower  pH,  receptor  affinity  was  decreased.  The  effect  of  30HBA  on  insulin  bind- 
ing and  action  was  assessed  at  pH  7.4  and  6.9.  In  the  presence  of  30HBA,  insu- 
lin binding  increased  but  insulin  stimulation  of  glycogen  synthase  was  unaffect- 
ed. The  data  show  that  insulin  action  is  impaired  at  lower  pH.  The  decreased 
sensitivity  is  probably  related  to  the  decrease  in  insulin  binding  affinity  at 
lower  pH,  but  decreased  maximal  responsiveness  implies  that  cellular  post-re- 
ceptor components  are  also  affected  by  lower  pH.  The  results  indicate  that  in 
diabetic  ketoacidosis  the  decreased  pH  rather  than  30HBA  is  the  primary  mediator 
on  interference  in  insulin  action. 

(f)  Energy  requirements  for  insulin  action  -  The  effect  of  adenosine. 
The  effect  of  adenosine  on  insulin  stimulation  of  2-deoxyglucose  uptake  in  human 
diploid  fibroblastic  cells  has  been  studied  in  order  to  examine  factors  which 
influence  insulin  action  on  hexose  transport  in  this  system.  Preincubation  with 
adenosine  for  18  hours  enhanced  insulin  stimulation  of  2-deoxyglucose  uptake. 
Adenosine  appeared  to  act  in  concert  with  glucose  with  maximum  enhancement  at 
1.25  mM  adenosine  and  5.4  mM  glucose.  Adenosine  did  not  influence  insulin  ac- 
tion on  glucose  oxidation.  Adenosine  acted  by  increasing  the  maximum  stimula- 
tion (>  100%  increased  over  basal  uptake)  without  influencing  the  insulin  con- 
centration for  half  maximal  stimulation  (10"^  M).  Insulin  stimulation  of 
2-deoxyglucose  uptake  in  the  presence  of  adenosine  resulted  from  an  increase  in 
Vmax  without  significant  change  in  the  Km  of  transport.  The  time  required  for 
maximal  insulin  action  in  the  presence  of  adenosine  was  50  minutes,  which  was 
similar  to  that  obtained  for  other  parameters  of  insulin  action  in  fibroblasts. 
Various  deoxyadenosine  analogues  did  not  influence  insulin  stimulation  of 
2-deoxyglucose  uptake,  suggesting  that  adenosine  was  not  acting  via  adenylate 
cyclase.  Neither  guanosine  nor  inosine  influenced  insulin  action,  indicating 
metabolism  of  adenosine  (i.e.  ribose)  was  not  the  mechanism  of  action.  The  in- 
hibiton  of  adenosine  deamination  did  not  influence  adenosine  enhancement  of  in- 
sulin action.  On  the  other  hand,  2,4-dinitrophenol  and  KCN  reversibly  inhibited 
adenosine  enhancement  of  insulin  action.  When  distribution  of  ^H-adenosine 

was  examined,  it  was  incorporated  mainly  into  ATP,  and  ATP  formation  increased 
with  increasing  glucose.  These  data  demonstrate  that  (1)  adenosine  enhances  in- 
sulin action  on  hexose  transport  in  fibroblasts,  (2)  adenosine  appears  to  effect 
hexose  transport  by  increasing  available  energy  supply,  and  (3)  insulin  action 
on  2-deoxyglucose  transport  in  the  fibroblast  is  dependent  on  availability  of 
ATP. 

(g)  Cell  space  measurements  in  cultured  human  diploid  fibroblasts  in 
monolayers  or  in  suspension.  Cultured  human  diploid  fibroblasts  are  a  useful 
system  for  a  variety  of  metabolic  studies  for  which  measurement  of  cell  space  is 
often  necessary.  Markers  commonly  used  for  measurement  of  total  water  space 
(TWS)  and  extracellular  space  (ECS)  were  investigated  for  use  in  the  deter- 
mination of  intracellular  space  (ICS  =  TWS  -  ECS).  Methods  for  determination 

of  cell  space  of  fibroblasts  both  in  monolayers  (FM)  and  suspension  (FS)  were 
compared.  Incubation  of  markers  (0.1  mM,  1-5  yCi/ml)  at  37°  with  FS  were 


1027 


ZOl  AM  54019-05  DDb 

terminated  by  centrifugation  through  oil  (2:1,  dibutyl  phtalate:  dinonyl 
phthalate).  FM  incubations  were  terminated  by  alternately  aspirating  and 
rapidly  rinsing  the  plates  3  times  with  buffer  at  4°.  The  space  (yl/lO^ 
cells,  X  +  SEM)  available  to  the  TWS  marker,  [^^Cj-urea,  plateaued  at  10-15 
min  in  both  FM  (3.04  +  0.06)  and  FS  (2.20  +  0.05)  and  was  independent  of  marker 
concentration  (0.05-1.00  mM).  The  slow  rate  of  equilibration  of  [^^C]-urea 
(relative  to  3H20)is  an  advantage  for  a  TWS  marker  for  FM,  because  loss 
of  TWS  marker  from  IC  during  the  rinse  step  is  minimized.  The  time  course  of 
distribution  of  ECS  markers  with  FS  showed  [3H]-sucrose  (0.21  +  0.02)  and 
C^HD-insulin  (0.25  +0.03)  spaces  remained  constant  over  30  min.  Both 
[l^C]-L-gluocse  and  [3H]-D-mannitol  increased  with  time  (to  0.54+0,05) 
and  0.79  +  0.08  at  30  min)  suggesting  penetration  to  the  ICS.  Double  label 
experiments  yielded  ICS  values  (20  min  urea  space  minus  5  min  sucrose  space)  of 
2.57  +  0.06  for  FM  and  2.03  +  0.05  for  FS. 

(h)  Action  of  alloxan  on  glucose  metabolism.  The  influence  of  alloxan  on 
the  uptake  and  metabolism  of  glucose  in  mammalian  cells  has  been  investigated 
using  human  diploid  fibroblastic  cells  in  culture,  in  order  to  elucidate  the 
relation  between  alloxan  action  and  insulin  secretion  in  the  6-cell.  When  mono- 
layers of  cells  were  exposed  to  radiolabel  led  glucose,  the  presence  of  alloxan 
(0.31-1.87  mM)  resulted  initially  in  a  dose  dependent  enhancement  of  total  cell 
glucose  incorporation.  This  was  observed  within  2  minutes  and  declined  by  5 
minutes.  After  that  time,  alloxan  inhibited  glucose  incorporation.  When  hexose 
transport  was  examined  directly  using  glucose  analogues,  alloxan  neither  enhanc- 
ed, nor  inhibited  the  kinetics  of  uptake  of  3-0  methyl-D-glucose  or  2-deoxy-D- 
glucose.  Alloxan  (0.62-1.87  mM)  exerted  no  measurable  effect  on  cell  permea- 
bility as  determined  by  cell  volume  measurements  using  sucrose  and  D-man- 
nitol.  Thus  alloxan  appears  to  directly  influence  cell  glucose  metabolism  be- 
yond the  level  of  phosphorylation.  Alloxanic  acid  (0.62  -  1.87  mM),  a  decompo- 
sition production  of  alloxan,  did  not  affect  glucose  incorporation  in  the  fibro- 
blasts. In  addition,  prior  exposure  of  fibroblasts  to  alloxan  (0.62+1.87mM) 
for  six  minutes  did  not  influence  trypan  blue  exclusion  by  fibroblasts,  nor 
impair  ^H-leucine  incorporation  in  the  fibroblasts.  Analysis  of  cell 
extracts  after  cell  monolayers  were  exposed  to  ^^C-U-D-glucose  indicated 
that  the  initial  stimulation  by  alloxan  was  observed  primarily  in  the  nucleotide 
fraction  (ribose)  with  inhibition  of  lactate  production.  The  subsequent  inhi- 
bition was  observed  in  the  nucleotide  fraction.  Assay  of  •'•^C02  pro- 
duction indicated  that  alloxan  enhanced  ^-^002  formation  from^^C-U- 
D-glucose  for  approximately  10  minutes  followed  by  inhibition.   In  order  to 
probe  the  site  of  alloxan  action,  rates  of  ^^002  formation  from  1-  and 
6  position  labelled  ^^C-glucose  were  compared.  The  initial  stimulation  was 
observed  mainly  in^^C-l-D-glucose  oxidation,  whereas  inhibition  was  measur- 
able with  the  6-positioned  tracer.  The  results  suggest  that  alloxan  initially 
stimulates  the  pentose-monophosphate  shunt  and  the  glycotic-TCA  pathway. 

( i )  Alloxan  and  H2O2  action  on  glucose  metabolism  in  cultured  fibro- 
blasts: oxygen-containing  free  radicals  as  a  mechanism  of  alloxan  action.   In 
order  to  elucidate  the  mechanism  of  alloxan  action  on  glucose  metabolism  the 
effects  of  alloxan  and  H2O2  on  glucose  metabolism  in  cultured  fibro- 
blasts have  been  compared.  Both  alloxan  and  H2O2  initially  stimulated 
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and  then  inhibited  total  cell  glucose  incorporation.  H2O2  initially 
inhibited  hexose  transport,  as  measured  by  2-deoxy-glucose  uptake,  while  alloxan 
had  no  effect  on  transport.  The  distribution  of  incorporated  l^C-U-D- 
glucose  in  the  presence  or  absence  of  alloxan  and  H2O2  was  examined 
chromatographically.  Both  agents  initially  enhanced  nucleotide  formation 
followed  by  an  inhibition.  Alloxan  initially  inhibited  and  then  enhanced 
glucose  conversion  to  lactate,  while  H2O2  had  opposite  actions.  The 
effects  of  alloxan  and  H2O2  were  investigated  using  differently 
labelled  ^^C-glucoses.  Both  agents  caused  an  initial  stimulation  and  then  a 
subsequent  inhibition  of  oxidation  of  I^q.^-d-  and  14Q_i_D_g]ucose. 
Alloxan  initially  stimulated  and  then  inhibited  14c_5_[)_g]ucose  oxidation, 
whereas  H2O2  initially  enhanced  it.  Catalase  abolished  all  effects  of 
alloxan  and  H2'^2  oi^  ■'■^C-LI-D-glucose  oxidation.  Superoxide  dis- 
mutase  and  diethylenetriamepentacetic  acid,  which  decreases  levels  of  O2- 
and  0H-,  prevented  the  delayed  inhibitory  actions  of  alloxan.  These  results 
indicate  that  (1)  the  initial  action  of  alloxan  is  a  stimulation  of  the  pentose- 
monophosphate  shunt  by  the  generation  of  H2O2.  (2)  The  subsequent 
action  of  alloxan  is  an  inhibition  of  the  glycolytic  pathway  and  pentose- 
monophosphate  shunt  by  the  generation  of  OH-  from  O2-  and  H2O2. 

(2)  Comparison  of  insulin  action  in  fibroblasts  from  diabetic  and  nondiabetic 
Pima  and  Caucasian  controls. 

( a)  Insulin  action  on  glucose  metabolism  in  fibroblasts  from  diabetics  and 
nondiabetics.  To  determine  if  inherent  cellular  differences  in  insulin  sensi- 
tivity account  for  the  insulin  resistance  of  non-insulin  dependent  diabetes,  the 
effect  of  insulin  on  several  aspects  of  cell  glucose  metabolism  was  compared  in 
fibroblasts  from  diabetics  and  matched  nondiabetic  controls.  The  response  of 
total  cell  glucose  metabolism  to  insulin  was  assessed  by  measurement  of  '^^C 
glucose  uptake.   Insulin  stimulated  cell  glucose  incorporation  in  nondiabetic 
cells  up  to  two  fold  with  half  maximal  stimulation  at  approximately  3  x 

10"9m  insulin.  This  was  similar  to  that  observed  in  diabetic  cells.  Insu- 
lin stimulation  of  l_   glycogen  synthase  activity  was  also  compared  in  the  cells 
from  diabetics  and  nondiabetics.  Both  groups  demonstrated  a  three  fold  increase 
in  %l_   activity  in  the  presence  of  insulin  with  half  maximal  stimulation  at  ap- 
proximately 3  X  10~9m.  There  were  no  differences  between  diabetics  and  non- 
diabetics in  either  magnitude  of  response  or  insulin  concentration  for  half  max- 
imal stimulation.  Finally  insulin  stimulation  of  hexose  transport  was  compared 
in  the  two  cell  types  using  2-deoxyglucose.   In  both  groups  hexose  transport  was 
elevated  approximately  40%  over  baseline  in  the  fibroblast  in  the  presence  of 
insulin,  with  half  maximal  stimulation  at  approximately  2  x  10"9m  insulin. 
No  differences  were  found  in  insulin  action  on  glucose  metabolism  in  fibroblasts 
from  diabetics  and  nondiabetics;  these  results  may  indicate  that  there  are  no 
inherent  differences  in  cell  sensitivity  to  insulin's  glucoregu latory  action  in 
non-insulin  dependent  diabetics. 

(b)  Studies  of  Glucose  Metabolism  and  Insulin  Action  in  Cultures  from  a 
Patient  with  Lipoatrophic  Diabetes.  Insulin  binding  and  action  of  insulin  on 
aspects  of  glucose  metabolism  have  been  investigated  in  cells  from  a  patient 
with  congenital  lipoatrophic  diabetes  and  compared  to  cultures  from  9 
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nondiabetic  controls.   Incorporation  of  glucose  was  elevated  in  the 
patient's  cells  at  glucose  levels  above  0.1  mM.  When  distribution  of  labelled 
glucose  was  examined,  cell  associated  glycogen  and  acid  soluble  material  were 
increased,  but  the  greatest  increment  v/as  in  lactate  production.  Insulin  bind- 
ing, as  indicated  by  maximum  specific  ^25i_-jnsulin  binding  and  concentration 
of  unlabelled  insulin  for  50%  displacement,  was  normal,  although  insulin  regula- 
tion of  the  insulin  receptor  was  less.  The  cells  from  the  patient  had  reduced 
response  of  total  glucose  incorporation  to  insulin.  When  insulin  stimulation  of 
glycogen  synthase  was  measured  directly,  the  response  to  insulin  was  also  atten- 
uated. On  the  other  hand,  hexose  transport  levels  and  insulin  stimulation  of 
hexose  transport  appeared  to  be  unimpaired.  The  data  indicate  alterations  in 
both  cell  glucose  metabolism  and  in  response  to  insulin  which  may  be  related  to 
the  observed  insulin  resistance  of  this  disorder. 

Significance  to  biomedical  research  and  the  program  of  the  institute: 
Resistance  to  insulin  mediated  glucose  uptake  is  a  well  documented  component  of 
obesity  and  diabetes.   It  is  not  possible  from  in  vivo  studies,  even  if  accompa- 
nied by  measurements  of  freshly  collected  blood  cells  or  tissues,  to  determine 
if  the  observed  insulin  resistance  is  a  secondary  response  to  the  other  dynamics 
of  the  hyperglycemic  or  obese  state,  or  if  it  is  a  reflection  of  inherent  cell- 
ular differences  in  response  to  insulin  which  contributed  to  the  development  of 
these  disorders.  Diploid  fibroblast  cultures  established  from  skin  biopsies 
afford  an  easly  accessible  system  for  the  examination  of  human  cellular  meta- 
bolic capacity  which  is  isolated  from  physiological  variables.  Our  data  to  date 
indicate  that  the  human  fibroblast  possesses  a  specific  insulin  receptor  and 
that  several  points  of  carbohydrate  metabolism  respond  to  physiologic  levels  of 
insulin.  The  results  demonstrate  that  this  method  is  a  powerful  tool  for  the 
comparison  of  insulin  sensitivity  of  cells  derived  from  patients  with  disorders 
of  insulin  action.  The  availability  of  the  Pima  population  is  a  further  advant- 
age. Extensive  clinical  and  demographic  data  on  several  generations  are  avail- 
abel  for  selection  of  subjects,  and  the  homogeneity  of  the  population  is  an  ad- 
vantage in  eliminating  other  variables  which  might  confound  the  comparison.  The 
results  to  date  suggest  the  impaired  insulin  sensitivity  observed  in  in  vivo 
studies  of  individuals  with  abnormal  glucose  tolerance  may  not  be  due  to  inher- 
ent genetic  differences  in  sensitivity  to  insulin  action  but  rather  to  the  com- 
plex physiological  changes  associated  with  the  hyperglycemic  state.  Future 
studies  combining  measurements  of  insulin  binding,  receptor  regulation,  hexose 
transport  and  other  intracellular  responses  to  insulin,  will  lead  to  an  under- 
standing of  the  mechanism  of  insulin  resistance  and  its  cellular  basis. 

Proposed  Course: 

1.  Studies  of  cell  insulin  action.  We  will  continue  to  examine  insulin 
stimulation  of  glucose  metabolism  in  the  fibroblast,  in  order  to  further  inves- 
tigate the  mechanism  of  insulin  action  on  cell  metabolism  and  to  investigate 
variables  which  influence  the  cell  response  to  insulin.  These  studies  will 
include: 

(a)  Correlation  of  insulin  binding  and  action.   Insulin  binding  will  be 
measured  on  monolayer  cells  and  correlated  with  insulin  action  on  glycogen  syn- 
thase and  total  cell  glucose  uptake.  Effect  of  down  regulation  of  the  insulin 
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receptor  on  insulin  action  will  also  be  examined.  This  will  yield  data  on 
insulin  action  when  insulin  binding  and  response  are  measured  under  identical 
conditions. 

(b)  Examination  of  the  action  of  insulin  analogs  and  mitogens  on  cell 
glucose  metabolism.  Insulin  analogs  and  mitogens  such  as  MSA  will  be  compared 
to  their  actions  on  the  parameters  of  glucose  metabolism  examined  to  date.  The 
data  will  be  correlated  with  binding  data  obtained  in  whole  cell  and  isolated 
receptor  fractions  (see  ZOl  AM  54020-02-DD) .  Cell  cultures  from  the  patient 
with  lipoatrophic  diabetes  will  be  included  in  these  studies  in  order  to  further 
examine  the  attenuated  response  observed  in  these  cells. 

(c)  Examination  of  an  intracellular  intermediate  of  insulin  action  in  the 
fibroblast.  In  coordination  with  Dr.  Larner  extracts  of  insulin  stimulated 
cells  will  be  assayed  for  the  presence  of  a  low  molecular  weight  intermediate  of 
insulin  action  observed  previously  in  muscle  and  adipocytes.  If  present  the 
chemical  properties  of  the  intermediate  will  be  examined  and  the  system  will  be 
used  for  study  of  time  course  and  long  term  metabolism  of  this  compound. 

2.  Comparison  of  diabetic  and  nondiabetic  fibroblasts.  Since  no  inherent 
differences  in  insulin  action  on  glucose  metabolism  has  been  detected  in  diabet- 
ic cells,  studies  will  center  around  the  hypothesis  that  insulin  resistance  is 
induced  by  the  hyperglycemia,  hyperinsu linemia  or  other  changes  induced  in  the 
diabetic  state.  Therefore  influence  of  glucose,  insulin  and  other  counterregu- 
latory  hormones  will  be  examined  on  cell  insulin  action  using  the  systems  des- 
cribed above.   In  addition,  since  the  fibroblast  is  not  a  quantitatively  signif- 
icant target  tissue  for  in  vivo  insulin  action,  studies  will  be  extended  to  the 
endothelium.  The  latter  constitutes  an  important  first  site  of  plasma  insulin 
action  in  vivo.  Endothelium  may  be  isolated  from  human  sources  (umbilical 
veins)  and  cultured  in  vitro.  The  systems  for  assay  of  insulin  action  which 
were  developed  for  the  fibroblast  will  be  employed  for  examination  of  insulin 
action  in  this  cell  type.  In  addition,  the  availability  of  umbilical  cords  from 
diabetic  mothers  will  allow  comparative  studies  of  diabetic  and  nondiabetic 
endothelium. 

Publications: 

1.  Hidaka,  H.,  Howard,  B.V.,  Kosmakos,  P.,  Fields,  R.M.,  Craig,  J.W., 
Larner,  J.L.,  and  Bennett,  P.H.:  Insulin  stimulation  of  glycogen  syn- 
thase in  cultured  human  diploid  fibroblasts.  Diabetes  29:806-10, 
1980. 

2.  Hara,  H.,  Hidaka,  H.,  Kosmakos,  P.,  Mott,  D.M.,  Howard,  B.V,,  and 
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Regulation  of  insulin  receptors  is  being  studied  in  vivo  using  circulating  mono- 
nuclear  cells  and  in  vitro  using  cultured  diploid  fibroblasts.  Down  regulation 


in  the  fibroblast  has  been  used  to  detect  inhibitors  of  insulin  action  in  plasma 
from  insulin  resistant  subjects.  Investigation  of  monocytes  and  fibroblasts 
suggest  that  cells  from  obese  subjects  have  more  receptors,  reduced  insulin 
affinity,  increased  insulin  degradation  and  decreased  down  regulation.  Insulin 
binding  to  monocytes  from  obese  glucose  tolerant  and  intolerant  subjects  was  the 
same,  indicating  that  a  source  of  insulin  resistance  distinct  from  the  receptor 
is  present  in  obese  Pima  subjects.  Insulin  receptors  have  been  solubilized  and 
partially  purified  from  cultured  human  diploid  fibroblasts  and  from  human  ery- 
throcytes. Characterization  of  insulin  binding  to  solubilized  insulin  receptor 
preparations  resulted  in  binding  affinity,  pH  optimum  and  analog  specificity  dati 
similar  to  those  for  the  intact  cells.  The  binding  of  Multiplication  Stimulating 
Activity  (MSA)  as  well  as  insulin  were  measured  in  suspended  human  fibroblasts 
and  in  solubilized  receptor  preparations.  Sephadex  G-200  chromatography  did  not 
separate  the  two  receptors,  although  characterization  of  the  specificity  of 
binding  clearly  predicts  two  separate  binding  sites. 
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Project  Description: 

Objectives:  Our  objectives  include  (1)  to  detennine  if  the  increased 
obesity  of  the  Pima  subjects  is  related  to  changes  in  kinetics  of  insulin 
binding  or  in  receptor  regulation,  (2)  to  use  the  cultured  fibroblast  to 
investigate  genetic  differences  in  insulin  binding, degradation  and  receptor 
regulation  between  diabetic  and  normal  Pima  and  Caucasian  subjects,  (3)  to 
use  solubilized  fibroblast  insulin  receptor  preparations  to  examine  the 
structure  and  regulation  of  the  insulin  receptor  and  its  relation  to  mitogen 
binding,  (4)  to  study  plasma  from  obese  and  diabetic  subjects  for  their 
effect  on  in  vitro  insulin  receptor  regulation.  This  last  technique  will  be 
used  to  detect  possible  inhibitors  of  insulin  action  in  plasma  from  insulin 
resistant  subjects. 

Results: 


1.   Insulin  binding  to  Pima  and  Caucasian  Monocytes.   ^'^I-insulin 
binding  was  studied  using  circulating  mononuclear  cells  from  19  normal  Pima 
and  18  normal  Caucasian  subjects  over  a  wide  range  of  obesity.  Both  groups 
showed  a  weak  negative  correlation  of  specific  insulin  binding  with  fasting 
insulin,  with  no  evidence  of  differences  between  Pima  and  Caucasian  groups. 
Body  mass  index  of  the  Pima  subjects  was  correlated  with  the  concentration  of 
insulin  required  for  half-maximum  displacement  of  bound  ^--I-insulin  and  with 
the  high  affinity  Kq  (r=0.57,  p<0.02  and  r=0.73,  p<0.0005  respectively). 
Similar  correlations  were  obtained  for  the  affinity  of  Caucasian  cells  over 
a  similar  range  of  BMI.  Because  BMI  and  insulin  are  so  highly  correlated  in 
these  subjects  (r=0.80,  p<0.0003)  it  is  not  clear  whether  insulin  or  some 
other  factor  strongly  associated  with  obesity  is  responsible  for  the  observed 
variation  in  insulin  receptor  affinity. 

The  relation  between  insulin  binding  and  insulin  resistance  has  been  studied 
in  tv/o  groups  of  Pima  subjects,  one  with  normal  glucose  tolerance  and  one 
with  impaired  glucose  tolerance.   Insulin  resistance  was  assessed  by  measur- 
ing insulin-mediated  glucose  disposal  during  an  infusion  of  a  mixture  of 
insulin,  glucose  and  somatostatin.  Despite  similar  steady  state  plasma 
insulin  levels,  the  mean  steady  state  plasma  glucose  concentration  was  higher 
in  a  glucose  intolerant  group  than  in  weight-matched  subjects  with  normal 
glucose  tolerance.   Insulin  binding  to  mononuclear  cells  was  measured  in 
samples  from  8  glucose  intolerant  [BMI=38+3  (range  30-54),  mean  fasting 
insulin  34+3  uU/ml ,  SSPG=220+11  mg/dl]  and  9  normal  subjects  [BMI=37+3  (range 
28-57),  mean  fasting  insulin' 24+3  uU/ml  ,  SSPG=148+22  mg/dl].  The  percent 
maximum  specific  binding  per  8  x  10^  monocytes  per  ml  was  6.6+0.8  for  tne 
glucose  intolerant  subjects  and  7.0+0.5  for  the  normal  subjects  (NS).  There 
was  no  difference  in  insulin  binding  curves  between  the  two  groups.  Thus  the 
decrease  in  insulin  sensitivity  in  the  group  with  impaired  glucose  tolerance 
did  not  appear  to  be  caused  by  differences  in  insulin  binding  and  therefore 
may  be  caused  by  a  post-receptor  defect  in  insulin  sensitivity. 


10  3^+ 


ZOl  AM  54020-04  DDb 

2.   Insulin  Binding  to  Diploid  Fibroblasts  From  Obese  Donors.  Insulin 
binding  was  measured  in  fibroblasts  from  12  nondiabetic  subjects  with  a  range 
of  body  mass  indices  (BMI).  Group  I  had  BMI  <30  and  a  mean  age  of  29.  Group 
II  had  BMI  >40  and  a  mean  age  of  31.  The  mean  maximum  specific  ^-^I-insulin 
binding  was  1.6%/10^  cells/ml  for  both  groups.  However,  the  ^^^I-insulin 
displacement  curve  for  group  II  was  shifted  to  the  right  with  half  maximum 
displacement  (1/2  Bmax)  at  18.8+13.8  vs  5.4+3.3  ng/ml .  The  mean  displacement 
curves  were  significantly  different  (p<0.005)  at  insulin  levels  of  10  and  50 
ng/ml.  Scatchard  analysis  indicated  that  Group  II  had  increased  number  of 
receptors  (Ro)  with  decreased  affinity.  The  average  affinity  prof_iles  demon- 
strated an  elevated  limiting  high  affinity  association  constant  (Ke)  for 
Group  I  (55ijM~^  vs  35  yM"-')  but  the  low  affinity  association  constant  was 
similar  (15  yM"M  for  both  groups.  Significant  correlations  we_re  observed 
between  the  cell  donor's  BMI  and  1/2  Bmax  (r=0.78,  p<0.003),  1/Ke  (r=0.79, 
p<0.003)  and  Ro  (r=0.59,  p<0.05).  Confluent  cell  density  varied  inversely 
with  BMI  of  the  cell  donor  (r=0,60,  p<0.03).  These  data  suggest  that  obesity 
may  be  associated  with  genetic  differences  in  insulin  binding. 

To  determine  whether  the  obesity  related  differences  in  insulin  binding  were 
due  to  increased  insulin  degrading  activity  in  fibroblasts  from  obese 
subjects,  insulin  binding  and  degradation  were  determined  in  fibroblasts 
obtained  from  six  Pima  and  three  Caucasian  subjects  over  a  range  of  BMI.  Two 
different  harvest  methods  were  used  employing  either  pretreatment  of  the 
culture  monolayer  with  EDTA  (0.05")  followed  by  aspiration,  or  pretreatment 
with  trypsin  (0.05")  plus  EDTA  (0.02°0  and  aspiration.  The  pooled  data 
showed  a  significant  positive  correlation  between  obesity  of  the  donor  and 
insulin  degradation  (r=.799,  p<.05)  by  fibroblasts.  In  addition  there  were 
significant  differences  in  insulin  binding  and  degradation  between  the  two 
harvest  procedures.  EDTA-harvest  caused  increased  insulin  degrading  activity 
(603+156  fmoles  x  10^  cells"^  x  4  hr"^  vs  91+33  fmoles  x  10^  cells""' x  4  hr"^; 
p<.02),  increased  number  of  insulin  binding  sites  (252,000+39,000  vs  114,000 
+29,500  sites/cell,  p<0.001),  increased  insulin  concentration  allowing  1/2 
maximal  ^^^I-insulin  binding  (28.6+4.2  vs  3.37+.14  ng/ml;  p<0.001),  and  an 
increased  high  affinity  Kq  (25.2+3.3  x  10-^°M  vs  6.16+0.74  x  10"^°M;  p<0.001). 
Further  investigation  showed  that  neither  EDTA  nor  trypsin  have  a  direct 
effect  on  insulin  degrading  activity  but  that  cells  harvested  with  EDTA  have 
a  lower  viability  than  trypsin-harvested  cells  as  determined  by  the  uptake  of 
trypan  blue.  Furthermore,  mechanical  damage  of  cells  harvested  with  trypsin 
altered  insulin  degradation  and  insulin  binding  in  a  similar  manner  as 
harvesting  the  cells  with  EDTA.  Positive  correlations  were  found  between  the 
fraction  of  stained  cells  and  nonspecific  insulin  binding  (r=.92-,  p<.0001), 
insulin  degradation  (r=.78;  p  .002),  and  the  high  affinity  Kq  (r=.80;  p<.002). 
Nonspecific  insulin  binding  was  found  to  correlate  with  insulin  degrading 
activity  (r=.87;  p<.0005)  and  the  high  affinity  Kq  (r=.79;  p<.003).  There 
was  also  a  positive  correlation  between  insulin  degrading  activity  and  the 
high  affinity  Kq  (r=.89-,  p<.0001).  These  results  indicate  that  fibroblasts 
from  obese  individuals  do  exhibit  greater  insulin  degrading  activity  than 
cells  from  lean  controls.  Furthermore,  we  have  found  that  the  method  of 
harvest  and  the  resulting  state  of  cellular  viability  markedly  affect  insulin 
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degrading  activity  and  apparent  insulin  binding  characteristics.  Thus 
previous  observations  concerning  obesity  and  insulin  binding  may  be  explained 
by  differences  in  insulin  degrading  activity. 

3.  In  Vitro  Insulin  Receptor  Regulation  in  Fibroblasts.  Maximum 
insulin  mediated  reduction  in  insulin  binding  (MIR)  to  diploid  fibroblasts 
from  diabetic  and  nondiabetic  Pima  Indians  and  nondiabetic  Caucasians  was 
compared  for  the  determination  of  possible  genetic  differences  in  these  cells. 
The  mean  maximum  specific  binding  per  cell  was  the  same  in  a  comparison 
between  7  diabetic  Pimas,  8  normal  Pimas  and  7  normal  Caucasian  lines.  The 
mean  MIR  was  also  not  significantly  different  for  the  three  groups  (58+16% 
and  64+14%,  respectively).  When  the  Pima  subjects  were  subdivided  by  degree 
of  obesity  (i.e.  BMI  <30  (n=3),  BMI  >39  (n=5)  the  more  obese  Pima  subjects 
showed  a  reduced  mean  MIR  (43+14%  vs  65+5%). 

4.  Detection  of  an  Insulin  Resistance  Related  Plasma  Factor  in 
Lipoatrophic  Diabetes.  Plasma  from  a  32  year  old  male  with  congenital  1 i po- 
atrophic  diabetes  (LD)  with  documented  severe  insulin  resistance  has  been 
studied  for  its  effects  on  insulin  mediated  down  regulation  of  fibroblast 
insulin  receptors.  Percent  down  regulation  was  calculated  from  the  amount 
of  insulin  binding/cell  following  a  16  hour,  37°C  incubation  of  normal 
diploid  fibroblast  monolayers  in  medium  with  20%  plasma  or  0.1%  bovine  serum 
albumin  (BSA)  and  varied  insulin  concentrations.  Maximum  down  regulation  in 
the  presence  of  LD  plasma  was  significantly  reduced  compared  to  the  mean 
obtained  using  plasma  from  4  normal  Caucasian  subjects  (37+6%  vs  60+5  •, 
p<0.001).  When  compared  to  normal  plasma  over  a  ranae  of  insulin  concentra- 
tions, LD  plasma  caused  a  significant  reduction  in  DR  at  insulin  concentra- 
tion of  (p<0.002),  10.0  ng/ml  (p<0.001)  and  100  ng/ml  (p<0.008).  The  con- 
centration of  insulin  required  for  1/2  maximal  down  regulation  was  increased 
in  the  presence  of  the  LD  plasma  (2.0+0.1  ng/ml  for  normal  vs  8.0+0,8  ng/ml 
for  LD).  20%  plasma  from  normals  or  LD  had  no  effect  on  maximum  specific 
insulin  binding/cell  when  compared  to  preincubation  of  cells  with  0.1%  BSA. 
Normal  Caucasian  plasma  had  no  significant  effect  on  DR  when  compared  with 
BSA  over  the  range  of  insulin  concentrations  studied.  LD  plasma  did  not 
differ  from  normals  when  tested  for  insulin  degradation  and  did  not  contain 
antibodies  against  insulin  or  the  insulin  receptor.  Plasma  from  a  diabetic 
Pima  Indian  and  an  obese  intolerant  Pima  Indian  had  no  significant  effect  on 
DR  when  compared  with  BSA.  We  conclude  that  LD  plasma  contains  factor(s) 
which  alter  the  sensitivity  and  magnitude  of  insulin  mediated  down  regulation. 
In  the  samples  from  the  Pimas  there  did  not  appear  to  be  plasma  factors  which 
could  contribute  to  the  insulin  resistance  of  this  population. 

5.  Solubilized  Insulin  Receptor  Studies.  Insulin  receptors  have  been 
partially  purified  from  erythrocytes  and  cultured  human  diploid  fibroblasts. 
Cell  membrane  fractions  were  prepared  by  differential  centrifugation  and 
solubilized  by  Triton  X-100.  Gel  filtration  chromatography  on  Sephadex 
G-200  yielded  a  single  peak  of  insulin  binding  activity  with  an  apparent 
molecular  weight  of  370,000.  Solubilized  fibroblast  receptor  preparations 
showed  pH  optimum  (pH=8.2)  and  analog  specificity  (porcine  insulin  >  guinea 
pig  insulin  >  proinsulin  >  desoctapeptide  insulin)  similar  to  those  for  whole 
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cells.  Scatchard  analysis  of  insulin  binding  data  for  solubilized  receptor 
and  intact  fibroblasts  yielded  nearly  identical  high  affinity  association 
constants  (Ka)  of  1.8  x  lO^M"^  and  1.3  x  lO^M"'^,  respectively.  The  average 
affinity  profile  analysj_s  of  the  same  data  yielded  limiting  high  affinity 
association  constants  (Ke  of  7.1  x  I0"f1  and  1.3  x  lO^M,  respectively).  The 
solubilized  insulin  receptor  isolated  from  erythrocytes  and  fibroblasts 
displayed  very   similar  parameters  of  insulin  binding  and  molecular  weights. 
The  similarity  of  the  characteristics  of  the  insulin  receptor  solubilized 
from  these  two  sources  provides  evidence  against  significant  modification  of 
the  fibroblast  insulin  receptor  by  the  brief  trypsin  treatment  used  to 
release  the  cells  from  the  monolayers. 

Insulin  and  mitogens  are  able  to  exert  similar  metabolic  effects  in  target 
tissues.  To  clarify  this  relationship,  mitogen  and  insulin  binding  were 
monitored  during  solubilization  and  purification  procedures  using  membrane 
preparations  from  cultured  diploid  human  fibroblasts.  The  methods  previously 
used  to  isolate  the  membranous  fraction  of  homogenized  fibroblasts  were 
modified  to  exclude  receptors  originating  from  intracellular  structures.  A 
two-phase  polyethylene  glycol-dextran  centrifugation  system  was  used  to 
purify  plasma  membranes.  The  plasma  membrane  marker,  Na'^'/K"''  ATPase,  was 
monitored  to  assess  plasma  membrane  purification.  Membrane  proteins  were 
solubilized  with  Triton  X-lOO  and  chromatographed  on  Sephadex  G-200.  The 
binding  of  ^^^I-insulin  and  the  mitogen,  ^^^I-MSA  (Multiplication  Stimulating 
Activity)  was  compared  in  suspended  fibroblasts  and  in  solubilized  receptor 
preparations.  The  insulin  and  MSA  receptors  copurified  and  eluted  from  the 
G-200  column  in  the  same  peak.  (Hereafter,  the  term  solubilized  receptor 
indicates  the  pooled  G-200  fractions  containing  two  receptor  activities.) 
Scatchard  analysis  of  insulin  binding  data  yielded  nearly  identical_  high 
affinity  association  constants  (Ka)  of  1.7  x  lO^M"^  and  1.2  x  lO^M"^  for 
intact  cells  and  solubilized  receptor,  respectively  and  the  1/2  Bmax  for  MSA 
displacement  of  insulin  were  lOnM  and  2. 7nM, respectively.  MSA  binding  yielded 
linear  scatchard  plots  with  affinity  constants  (Ka)  of  0.10  x  lO^M"^  for 
intact  cells  and  1.75X  x  lO^M"^  for  solubilized  receptor.  The  increase  in 
affinity  for  MSA  of  approximately  10  fold  upon  purification  brings  the  Ka 
for  MSA  into  the  same  range  as  the  high  affinity  Ka  for  insulin.  In  addition, 
the  1/2  Bmax  for  insulin  displacement  of  MSA  were  30nM  and  7.5nM  for  intact 
cells  and  solubilized  receptor,  respectively.  Anti-insulin  receptor  IgG  was 
able  to  displace  insulin,  but  not  MSA,  from  intact  fibroblasts.  The  simul- 
taneous purification  of  two  different  receptors  characterized  by  different 
specificities  and  different  binding  kinetics  (curvilinear  vs  linear  Scatchard 
plots)  are  consistent  with;  1)  separate  receptors  with  very  similar  molecular 
weight  or  2)  the  same  receptor  molecule  with  separate  binding  sites  for 
mitogens  and  insulin. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Our  recent  results  indicate  that  Caucasian  and  Pima  monocytes  in  vivo  and 
fibroblasts  in  vitro  respond  similarly  to  insulin  to  reduce  insulin  binding, 
and  in  both  there  appears  to  be  a  relationship  between  BMI  of  the  donor  and 
receptor  binding.  The  relationship  between  BMI  and  receptor  affinity  in 
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fibroblasts  may  be  caused  by  increased  insulin  degradation  by  cells  from 
obese  subjects.  The  apparent  altered  receptor  regulation  initially  observed 
for  hyperinsul inemic  Pima  subjects  thus  may  be  explained  by  the  increased 
obesity  of  the  Pima  comoared  to  the  Caucasian  subjects.  Preliminary  results 
comparing  receptor  regulation  in  fibroblasts  indicate  comparable  receotor 
regulation  for  normal  weight  Pima  and  Caucasian  donors,  but  reduced  down 
regulation  of  insulin  receptors  ia  cells  from  obese  donors.  Thus  obesity  may 
be  associated  with  genetic  differences  in  insulin  binding;  these  must  be 
further  compared. 

The  results  of  studies  on  the  lipoatrophic  diabetic  indicate  the  presence  of 
plasma  factor(s)  which  inhibits  insulin  action.   In  addition,  these  results 
demonstrate  a  technique  which  can  be  used  to  screen  plasma  from  other  insulin 
resistant  subjects  for  factors  which  alter  insulin  action. 

The  methods  developed  to  solubilize  and  partially  purify  insulin  and  mitogen 
receptors  from  fibroblasts  provide  tools  for  the  coordinated  study  of  recep- 
tor biochemistry  both  insulin  and  MSA  and  will  help  clarify  the  understanding 
of  j_n_  vivo  action  of  these  peptides. 

Proposed  Course: 

Solubilized  Receptor  Studies.  The  simultaneous  solubilization  and  puri- 
fication of  MSA  and  insulin  binding  proteins  from  diploid  human  fibroblasts 
will  be  further  investigated.  Lectin  affinity  chromatography  and  polyacryla- 
mide  gel  electrophoresis  will  be  used  in  an  attempt  to  separate  mitoaen  and 
insulin  receptor  activity  that  copurify  on  Sephadex  G-200  chromatography. 
In  addition,  insulin  and  MSA  receptors  will  be  purified  in  a  similar  manner 
from  other  human  tissues  (fat  and/or  muscle)  to  determine  the  relation  of 
this  phenomenon  to  in  vivo  insulin  receptor  action. 

Publ ications : 


1.  Nagulesparan,  M. ,  Savage,  P.J.,  Mott,  D.M.,  Johnson,  Ci.C,   Unger,  R.H., 
and  Bennett,  P.H.:  Increased  insulin  resistance  in  obese,  glucose 

and  intolerant  Southwestern  American  Indians:  Evidence  for  a  defect 

not  explained  by  obesity.  J.  Clin.  Endocrinol.  Metab.  51:  739-743,  1980. 

2.  Hara,  H.,  Hidaka,  H.,  Kosmakos,  F.C.,  Vasquez,  B.,  Mott,  D.M.,  Howard, 
B.V.,  and  Bennett,  P.H.:  Characterization  of  human  insulin  receptor 
solubilized  from  cultured  fibroblast  and  erythrocyte  cell  membrane 
preparations.  J.  Clin.  Endocrinol.  Metab.  52:  17-22,  1981. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  study  was  undertaken  to  determine  whether  the  Bio-Rad  HbA]  test  could  be 
used  to  replace  the  method  previously  used  to  determine  qlycosyTated 
hemoglobin  concentration  (modifications  of  Gabbay  and  of  Trivelli).  Blood 
samples  were  taken  from  22  normal  male,  24  normal  female,  11  diabetic  male, 
and  22  diabetic  female  Pima  Indians  who  were  participating  in  epidemiological 
studies  of  diabetes  on  the  Gila  River  Indian  Reservation  in  Arizona.  Both 
methods  showed  increased  HbAi  concentrations  in  the  diabetic  groups  when 
compared  to  the  normals,  but  the  kit  values  were  lower,  in  general,  than  the 
values  obtained  with  the  previously  used  method.  One  set  of  control  samples 
used  revealed  a  need  to  run  all  assays  at  a  constant  temperature  and  to 
establish  a  series  of  frozen  controls  prior  to  beginning  long-term  epidemiol- 
ogical studies. 
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Project   Description: 

Objectives:  Studies  during  the  preceding  year  showed  a  high  correlation 
between  HbAi  values  and  fasting  and  2  hour  post  glucose  load  plasma  glucose 
concentrations.  This  allowed  discrimination  between  diabetic  and  nondiabetic 
grouDS  within  the  study  population.  It  is  planned  to  use  the  HbA]  levels  in 
longitudinal  studies  as  a  tool  to  study  the  development  of  diabetes  and  its 
complications  and  as  a  possible  alternative  to  OGTTs  for  use  in  home  visits. 

In  order  to  determine  the  most  efficient  and  effective  method  of  glycosylated 
hemoglobin  measurement  for  the  longitudinal  epidemiological  studies,  a  com- 
parison was  made  between  the  method  previously  used  (modifications  of  the 
methods  of  Gabbay  and  of  Trivelli)  and  the  Hemoglobin  Ai  Column  Test  kit 
available  from  Bio-Rad  Laboratories.  This  kit  method  offers  advantages  over 
the  previously  used  method  in  its  safety,  ease  and  speed  of  determination. 

Methods  Employed:  Glycosylated  hemoglobin  was  measured  by  two  methods. 
One,  a  modification  of  the  methods  of  Gabbay  and  of  Trivelli,  involved 
washing  the  red  cells  with  physiologic  sal ine,hemoly2ing  the  cells  with  water 
and  toluene,  dialyzing  the  hemolysate  against  a  cyanide-phosphate  buffer,  and 
chromatoaraphing  the  hemolysate  on  a  Bio-Rex  70  column.  The  glycosylated 
hemoglobin  was  eluted  with  a  phosphate  buffer  (pH  6.4).  The  optical  density 
of  the  two  fractions  was  measured  at  415  nm,  and  the  percentage  of  the  total 
hemoglobin  that  was  glycosylated  was  calculated. 

The  second  method  was  the  Hemoglobin  A]  by  Column  test  from  Bio-Rad  Labora- 
tories. A  sample  of  whole  blood  was  added  to  a  hemolysis  reagent.  Then  an 
aliquot  of  the  hemolyzed  sample  was  placed  on  a  prepacked  column  followed  by 
an  El ution/Developing  reagent.  Another  aliquot  was  added  directly  to  the 
Elution/Developing  reagent  but  not  to  the  column.  The  optical  density  of  the 
column  fraction  and  that  of  the  sample  added  directly  to  the  Elution/  Develop- 
ing reagent  was  measured  at  415  nm,  and  the  percentage  of  glycosylated  hemo- 
globin was  calculated. 

All  assays  were  run  at  room  temperature  which  was  recorded.  Both  methods 
were  used  on  samples  from  each  patient  involved  in  the  study,  and  the  values 
were  then  compared. 

Major  Findings:   The  study  group  fro  comparison  of  the  two  methods 
consisted  of  22  normal  males  with  a  mean  age  of  37.0+12.8  (SO)  years,  24 
normal  females  with  a  mean  age  of  49.2+11.4  years,  11  diabetic  males  with  a 
mean  age  of  51.9+16.3  years,  and  22  diabetic  females  with  a  mean  age  of 
49.2+11.4  years.  All  of  the  subjects  were  Pima  Indians. 

Glycosylated  hemoglobin  levels  in  the  normal  subjects  using  the  kit  method 
were  7.61+_0.83'i  in  the  males  and  7.36+1.52'o  in  the  females.  These  values 
were  lower  than  the  values  achieved  using  the  modifications  of  Gabbay  and  of 
Trivelli.  In  that  method  the  mean  level  in  the  normal  male  subjects  was 
8.77+1.49°;  and  in  the  normal  females  9.1 1+1. 75'^.  The  values  obtained  using 
the  kit  were  on  average  22';  lower  in  the  males  and  24";  lower  in  the  females 
than  the  values  using  the  modified  method. 
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Values  by  both  methods  in  the  diabetic  subjects  were  higher  than  in  the 
normals  with  10.46+1.48%  in  the  diabetic  male  subjects  by  the  kit  method  and 
12.65+3.71%  using  the  modified  method.  Similarly,  the  HbAi  concentration  in 
the  diabetic  females  was  11.73+3.01%  by  the  kit  and  12.90+2.60%  with  the 
previously  used  method..  Again  the  levels  obtained  using  the  kit  were  on 
average  24%  lower  in  the  diabetic  males  and  9%  lower  in  the  diabetic  females 
than  the  values  obtained  with  the  modified  method. 

Analyses  by  the  kit  method  seemed  to  be  quite  sensitive  to  room  termperature 
fluctuations.  One  control  series  had  manufacturer's  values  of  7.6+0.5%  at 
22°C  and  8.5+0.5%  at  25°C.  After  25  assays  the  mean  glycosylated  hemoglobin 
concentration  in  our  hands  was  9.97+0.31%  at  a  mean  temperature  of  26.02+ 
0.59°C.  Since  the  HbA]  readings  using  the  kit  method  seemed  to  increase 
dramatically  with  increases  in  room  temperature,  a  refrigerated  incubator  has 
been  purchased  prior  to  beginning  the  long-term  epidemiological  sampling  in 
order  to  run  all  assays  at  the  same  temperature. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Both  methods  of  HbAi  determination,  the  Bio-Rad  kit  method  and  the  modifica- 
tions of  Gabbay  and  of  Trivelli,  allow  clear  distinction  between  the  normal 
and  diabetic  groups  of  Pima  Indians.  Although  the  kit  method  seemed  to  give 
lower  values  than  the  modification  method,  it  is  believed  to  be  a  safer, 
easier,  and  faster  method  of  HbA]  determination  than  the  modification  method 
and  allows  discrimination  between  normal  and  hyperglycemic  subjects.  The 
results  for  either  assay  would  be  improved  by  running  the  assays  at  a  constant 
temperature. 

Proposed  Course:  This  project  will  be  continued  using  the  kit  method 
at  constant  temperature  conditions  to  determine  the  HbAi  levels  in  longi- 
tudinal studies  of  patients  in  order  to  assess  the  development  of  diabetes 
and  its  complications.  In  addition  the  relationship  between  HbA]  measure- 
ments and  oral  glucose  tolerance  tests  will  be  verified  so  that  the  HbA] 
levels  can  be  used  as  an  alternative  to  the  oral  glucose  tolerance  test  in 
home  visits.  A  series  of  frozen  controls  will  also  be  established  to  ensure 
long-term  reliability  of  the  assays. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Pima  Indians  have  a  high  prevalence  of  obesity,  diabetes  mellitus  and  hyper- 
insulinemia,  but  they  have  low  plasma  cholesterol  levels,  reduced  LDL 
synthesis,  and  decreased  incidence  of  cardiovascular  disease.  VLDL  metabolism 
in  Pima  Indians  will  be  investigated  in  order  to  further  investigate  lipo- 
protein metabolism  in  this  population.  Synthetic  and  catabol i  c  rates  for 
VLDL  will  be  compared  in  groups  having  different  insulin  levels  using 
tritiated  glycerol  as  a  precursor.  VLDL  metabolism  will  be  studied  in  a  group 
of  diabetics  to  determine  the  influence  of  hyperglycemia  on  VLDL  metabolism 
in  this  population.  Conversion  of  VLDL  to  LDL  will  be  studied  in  nondiabetics 
and  diabetics  using  ^^'I  VLDL  and  '^'I  LDL  simultaneously.  Postheparin, 
muscle,  and  adipose  tissue  1 i  poprotein  1 i  pase  levels  will  be  measured.  The 
results  of  this  study  should  yield  data  on  VLDL  metabolism  and  its  conversion 
to  LDL  in  this  population  and  explore  the  relation  between  these  lipoproteins, 
diabetes  and  cardiovascular  disease. 
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Project  Description: 

Objectives: 

1.  To  study  the  metabolism  of  VLDL-TG  using  a  pulse-injection  of  H 
glycerol  in  a  group  of  Pima  nondiabetics  and  groups  of  weight  matched 
Caucasian  controls  to  determine  synthetic  and  a  catabolic  rates  of  VLDL-TG 
in  the  Pimas  and  to  determine  the  effects  of  body  weight  and  plasma  insulin 
levels  on  these  metabolic  parameters. 

2.  To  compare  VLDL-TG  metabolism  in  a  group  of  untreated  male  diabetics 
matched  in  age  and  weight  to  group  #1  in  order  to  assess  the  mechanism  of 
hyperglycemia-induced  elevations  of  VLDL. 

3.  To  compare  VLDL-TG  metabolism  in  a  group  of  nondiabetics  before 
and  after  exercise  training  to  determine  whether  exercise-induced  declines 
in  VLDL  are  caused  by  decreased  synthesis  or  increased  catabolism. 

4.  To  measure  post-heparin  lipolytic  activity  and  adipose  and  muscle 
lipoprotein  lipase  activities  in  a  number  of  Pima  Indians  over  a  range  of 
obesity  to  determine  if  VLDL-TG  metabolism  in  the  Pimas  is  related  to  the 
levels  of  this  enzyme  and  to  evaluate  the  effects  of  weight  loss  on  lipo- 
protein lipase  activity. 

Major  Findings: 

o  3 

1.    H  Glycerol  Studies.  VLDL  metabolism  was  studied,  using  H-glycerol 

as  an  endogenous  precursor  of  triglyceride  synthesis,  in  15  obese  Pima  non- 
diabetic  males  and  compared  to  that  of  20  obese  and  13  normal  weight,  normal 
lipidemic,  nondiabetic  Caucasian  males.  The-  resultant  kinetic  data  were 
analyzed  using  a  mul ticompartmental  model  which  includes  two  pathways  for 
VLDL-TG  synthesis  and  a  process  of  stepwise  delipidation  for  VLDL  catabolism. 
As  compared  to  obese  Caucasians  the  obese  Pimas  had  a  lower  rate  for  VLDL-TG 
synthesis,  and  a  lower  proportion  of  slow  pathway  for  synthesis.  The  frac- 
tional catabolic  rate  in  the  Pimas  was  higher  than  in  either  Caucasian  group. 
When  the  relation  between  VLDL-TG  metabolism  and  plasma  insulin  was  examined, 
plasma  insulin  levels  in  the  Pima  were  not  correlated  with  VLDL-TG  synthetic 
rates,  catabolic  rates  or  plasma  pools.  On  the  other  hand  VLDL-TG  synthetic 
rates  were  correlated  with  plasma  free  fatty  acid  levels.  Thus,  in  the  Pima 
population,  VLDL-TG  synthesis  is  low,  VLDL-TG  catabolism  is  accelerated,  and 
VLDL  pools  appear  to  be  insensitive  to  the  influence  of  body  weight  and  hyper- 
insul inemia. 

The  kinetic  data  on  VLDL-TG  observed  from  the  Pima  revealed  increased  fraction 
delipidized,  a  short  VLDL  residence  time  and  a  low  proportion  converted  to 
IDL;  the  relation  between  these  observations  and  VLDL  particle  size  must  be 
explored.  Finally,  there  was  a  low  proportion  of  slow/fast  pathway  for  VLDL- 
TG  production  in  all  the  Pimas  studied,  and  this  parameter  was  elevated  in 
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the  more  obese  subjects  of  both  Pima  and  control  populations.  Interpretation 
of  this  awaits  further  elucidation  of  the  nature  of  the  two  pathways  of  VLDL- 
TG  production. 

io  date  11  studies  have  been  completed  on  untreated  diabetics  and  have  been 
accompanied  by  measurements  of  glucose  tolerance,  and  insulin  and  C-peptide 
levels.  Preliminary  analysis  of  the  data  suggest  hyperglycemia  may  be 
accompanied  by  changes  in  both  synthesis  and  catabolism  of  VLDL. 

To  date  5  patients  have  completed  a  study  of  VLDL-TG  metabolism  before  and 
after  exercise  training.   Individuals  were  exercised  for  a  period  of  5  to  10 
weeks  at  60-80%  of  maximal  aerobic  capacity.  During  this  period,  body  weight 
was  maintained  constant,  but  plasma  TG  levels  were  observed  to  fall  in  all  5. 
Data  analysis  awaits  results  of  the  mul ticompartmental  modeling  of  the  kinetic 
data. 

The  IDL  fraction  (density  1.006-1.019)  has  been  isolated  from  8  of  the  non- 
diabetic  patients,  and  the  specific  activity  data  from  this  fraction  is  being 
used  for  the  development  of  a  mul ticompartmental  model  for  IDL  metabolism. 

2.   Lipoprotein  Lipase  Studies.  For  our  study  of  the  relationship  of 
obesity  to  fat  and  muscle  cell  metabolism,  25  Caucasian  and  22  Amerindian 
males  of  variable  percentage  desirable  weight  each  underwent  oral  glucose 
tolerance  test,  fat  and  muscle  biopsies,  and  I.V.  heparin  injection  for 
determinations  of:  fat  cell  size,  number  and  lipoprotein  lipase  (LPL) 
activity,  muscle  LPL  activity;  post  heparin  lipolytic  (PHLA)  and  hepatic 
lipase  (HL)  activities.  Six  of  these  22  men  plus  an  additional  two  Pima 
males  each  underwent  a  period  of  weight  reduction  with  weight  stabilization 
for  two  to  eight  weeks  post-weight  reduction. 

Adipose  tissue  LPL  activity  in  the  Amerindians  was  closely  related  to 
percentage  desirable  weight  when  normalized  for  cell  number  per  gram  wet 
weight  (r=0.76,  p=.001).  The  Caucasians  demonstrated  a  similar  relationship 
between  adipose  LPL  and  percentage  desirable  weight  (PDW),  however  LPL 
activity  in  the  Caucasians  was  much  higher  than  in  the  Amerindians  at  compar- 
able PDW,  There  was  no  relationship  in  the  Amerindians  between  PDW  and  muscle 
LPL,  peripheral  heparin-releasable  LPL  (HRLA)  or  hepatic  lipase  (HL) 
activities. 

HRLA  was  not  related  to  adipose  LPL  activity  but  was  related  to  muscle  LPL 
activity,  suggesting  that  adipose  LPL  may  not  be  completely  released  by 
intravenous  heparin  by  the  time  of  sampling  (15  min). 

Weight  reduction  in  six  Pima  males  caused  adipose  LPL  activity  per  cell  to 
decrease  in  parallel  with  the  decrease  in  PDW.  Muscle  LPL  activity  showed 
a  tendency  to  increase  and  hepatic  lipase,  a  tendency  to  decrease  with  weight 
reduction,  however,  HRLA  showed  no  consistent  behavior. 
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Overall,  these  results  suggest  that  adipose  tissue  LPL  activity  in  Southwest 
Amerindians  follows  changes  in  weight  and  is  probably  not  a  primary  factor 
in  the  etiology  of  obesity  in  this  group.  Furthermore,  the  rapid  catabolic 
rate  for  VLDL-TG  in  this  population  did  not  seem  to  be  reflected  in  elevated 
LPL. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  results  of  these  studies  are  relevant  to  the  understanding  of  in  vivo 
lipoprotein  metabolism,  and  its  relationship  to  diabetes  and  obesity.  The 
comparison  of  VLDL  metabolism  in  groups  of  diabetics  and  obese  Indians  will 
indicate  whether  or  not  these  lead  to  increased  synthesis  or  catabolism  of 
VLDL.  The  studies  on  the  interconversions  of  VLDL  to  LDL  will  determine  if 
LDL  synthesis  is  low  in  the  Pimas  and  will  yield  information  on  the  relation- 
ship between  lipoprotein  turnover  and  cardiovascular  diseases. 

The  findings  of  elevated  VLDL-FCR  in  obese,  nondiabetic  Pima  Indians  raise 
the  question  of  whether  the  key  lipoqenic  enzyme  LPL  is  instrumental  in 
mediating  the  observed  increased  FOR.  In  addition,  higher  adipose  LPL  levels 
may  be  important  in  the  etiology  of  the  obesity  observed  in  the  Pima  popula- 
tion. The  measurement  of  LPL  before  and  after  weight  loss  will  yield  infor- 
mation on  the  role  of  this  enzyme  in  obesity. 

It  is  known  that  in  normal  subjects  muscle  LPL  levels  increase  with  physical 
training;  if  adipose  tissue  LPL  levels  increase  less  or  even  decrease,  then 
exercise  training  provides  a  mechanism  whereby  muscle  lipogenesis  is 
increased  at  the  expense  of  adipose  tissue  lipogenesis.  The  measurements 
for  VLDL  metabolism  and  lipoprotein  lipase  before  and  after  exercise  will 
test  this  hypothesis. 

Proposed  Course: 

1.   Studies  of  VLDL-TG  metabolism:  Data  analyses  will  be  completed  on 
VLDL-TG  metabolism  in  the  group  of  male  diabetics.  Data  will  be  compared  to 
the  previous  age,  weight  matched  group  of  nondiabetics,  and  the  effect  of 
hyperglycemia  and  insulin  depletion  on  VLDL  catabolism  and  synthetic  para- 
meters will  be  assessed  to  elucidate  the  mechanism  of  diabetes-induced 
changes  in  TG. 

Data  will  be  analyzed  from  the  studies  of  VLDL  metabolism  before  and  after 
exercise  training.  The  kinetic  data  will  be  related  to  the  before  and  after 
measurements  of  muscle  and  fat  LPL  and  plasma  lipoprotein  levels  which  were 
also  made  on  these  subjects. 

Isolation  of  IDL  fractions  will  continue  dna  specific  activity  data  used  for 
further  development  of  an  IDL  model  and  analyses  of  IDL  metabolism  in  this 
population. 
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2.  Studies  of  apo  B  Metabolism  In  Diabetic  and  Nondiabetic  Pimas: 
Having  acquired  data  on  VLDL  to  metabolism  and  its  relationship  to  diabetes 
and  obesity,  the  next  step  in  the  understanding  of  lipoprotein  metabolism  and 
the  mechanism  of  diabetes  and  obesity-induced  changes  is  the  investigation  of 
apo  B  metabolism.  This  will  be  accomplished  through  double-label  studies 
using  ^^'I  VLDL  and  '^M  VLDL  in  groups  of  nondiabetic  and  diabetic  male 
Pimas.  These  will  be  accompanied  by  analyses  of  the  size  of  VLDL  and  LDL 
apo  B  in  this  population  using  gel  filtration  and  electrophoretic  techniques. 
These  studies  will  allow  quantification  of  the  rates  of  VLDL  and  LDL  apo  B 
synthesis  and  catabolism  in  Pimas  and  the  determination  of  how  these  are 
altered  in  obesity  or  diabetes.  The  extent  of  conversion  of  VLDL  to  LDL  will 
be  measured  and  this  may  contribute  to  the  understanding  of  the  regulation 

of  cholesterol  levels  in  this  population.  Examination  of  molecular  forms  of 
apo  B  will  determine  how  these  are  related  to  VLDL  and  LDL  metabolism  and 
to  nutritional  or  diabetic  status. 

3.  Studies  of  Free  Fatty  and  Metabolism:  Plasma  free  fatty  acids, 
which  are  the  immediate  precursors  of  the  fatty  acids  in  VLDL  triglyceride, 
will  be  quantified  and  turnover  will  be  assessed  by  a  pulse  injection  of 
albumin  bound  ^""C  free  fatty  acid.  Free  fatty  acid  levels  and  turnover  rates 
will  be  compared  in  thin  and  obese  groups  to  determine  if  adipose  tissue  free 
fatty  acid  production  reflects  or  correlates  with  other  indices  of  insulin 
resistance. 

Pub! ications : 


1.  Howard,  B.V.,  Zech,  L.,  Davis,  M.  ,  Bennion,  L.J.,  Savage,  P.J., 
Nagulesparan,  M.,  Bilheimer,  D.,  Bennett,  P.H.,  and  Grundy,  S.M.: 
Studies  of  very  low  density  lipoprotein  triglyceride  metabolism  in 
a  population  with  low  plasma  lipids  -  lacl  of  influence  of  body 
weight  or  plasma  insulin.  J.  Lipid  Res.  21:  1032-1040,  1980. 

2.  Howard,  B.V.,  Zech,  L.,  Davis,  M. ,  and  Grundy,  S.M.:  yery   low  density 
lipoprotein  metabolism  in  the  Pima  Indians.   In  Proceedings  of  the 
Workshop  on  Lipoprotein  Kinetics.   Eds.  M.  Berman,  S.  Grundy,  and 
B.V.  Howard.  Academic  Press,  NY,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Obesity  in  the  Pima  Indian  is  associated  with  a  massive  increase  in  adipose 
tissue  mass  (25-50%  of  total  weight).  The  increased  fat  mass  is  due  to  both 
an  increase  in  adipose  cell  size  and  cell  number.  Adipose  lipoprotein  lipase 
activity  increases  with  obesity  and  is  correlated  with  adipose  cell  size. 
Methods  of  studying  various  parameters  of  carbohydrate  and  lipid  metabolism 
have  been  established  using  isolated  human  adipocytes  and  membrane  vesicles 
and  will  be  used  to  study  human  obesity. 
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Project  Description: 
Objectives: 

1.  Cellular  Characterization  of  Obesity  In  the  Pima  Indians.  An  increase 
in  fat  mass  associated  with  either  an  increase  in  adipose  cell  number  and/or 
adipose  cell  size.  The  role  of  cell  number  and  size  in  the  development  of 
obesity  in  the  Pimas  will  be  assessed  by  measuring  total  body  fat  and  total 
adipose  cell  number  and  size.  Anthropometric  measurements  will  be  made  simul- 
taneously to  determine  its  quantitative  value  in  assessing  obesity. 

2.  Examination  of  the  Role  of  Adipose  Lipoprotein  Lipase  in  Obesity  of 

the  Pima  Indian.  Lipoprotein  lipase  is  the  major  enzyme  responsible  for  the  assi- 
milation of  triglyceride  fatty  acid  into  tissue.  Enzyme  activity  will  be 
measured  in  adipose  tissue  obtained  from  3  sites  (gluteal,  abdominal,  and 
triceps)  and  correlated  with  the  degree  of  obesity. 

3.  Measurement  of  Glucose  Transport  in  Isolated  Human  Adipose  Cells.  Free 
fatty  acids  released  from  VLDL  by  liooprotein  lipase  dre   assimilated  by  adipocytes 
and  esterified  with  a-glycerol  phosphate  to  form  triglycerides.  Availability 

of  a-glycerolphosphate  is  a  rate  limiting  step  in  fatty  acid  esterification  and 
is  determined  by  the  rate  of  Insulin  sensitive  glucose  transport.  The  ability 
of  adipocytes  from  Pima  Indians  at  different  stages  of  obesity  to  transport 
glucose  under  a  variety  of  metabolic  conditions  (i.e.  Insulin,  growth  hormone, 
Cortisol  and  glucose  concentrations)  will  be  tested  in  order  to  determine  if 
this  rate  limiting  step  In  energy  storage  is  affected  by  obesity. 

4.  Measurement  of  Lypolysis  in  Isolated  Human  Adipose  Cells.  Free  fatty 
acids  released  from  adipose  cells  are  an  important  source  of  energy  during 
fasting  conditions.  Alterations  in  the  ability  of  adipose  cells  to  respond  to 
fasting  will  be  tested  at  different  stages  of  obesity  under  various  metabolic 
conditions  since  inappropriate  responses  may  lead  to  an  increased  deposition  of 
fat. 

5.  Measurement  of  the  Intracellular  Distribution  of  Glucose  in  Isolated 
Human  Adipose  Tissue.  Glucose  distribution  to  various  metabolic  pathways  as  a 
function  of  obesity  will  be  measured  to  determine  if  there  are  non-transport 
related  changes  in  insulin  stimulation  of  lipid  anabolic  pathways. 

6.  Characterization  of  the  Glucose  Transport  System  in  Adipocytes.  The 
mechanism  by  which  glucose  is  transported  across  the  membrane  will  be  investigated 
using  membrane  vesicles  from  rat  and  human  adipocytes.  The  membranes  will  be  used 
for  studies  of  cytochalasin  B  binding  and  kinetic^  of  glucose  transport  to 
elucidate  the  mechanism  of  transport  and  subsequently,  the  factors  that  regulate 
It.  Such  studies  will  hopefully  allow  more  meaningful  measurements  of  changes 

in  the  transport  system  with  the  onset  of  obesity. 

7.  Characterization  of  the  "Basal  Transport  Factor".  The  rate  of  glucose 
transport  In  adipocytes  is  controlled  by  reguTating  the  distribution  of  glucose 
transport  systems  between  the  plasma  membrane  (pm)  and  the  endoplasmic  reticulum 
(ER).  Studies  are  planned  to  examine  the  role  of  insulin  and  insulin  antagonists 
on  the  distribution  of  glucose  transport  systems  and  on  the  development  of  insulin 
resistance. 

10i;8 


ZOl  AM  54024-03  dDb 
Methods: 

1.  Adipose  cell  number  and  cell  size  will  be  measured  on  osmic  acid  fixed 
cells  using  a  Coulter  Counter  coupled  to  a  cell  sizer. 

2.  Total  body  fat  will  be  measured  indirectly  by  estimating  lean  body  mass 
with  deuterium  oxide. 

3.  Adipose  lipoprotein  lipase  will  be  assessed  by  measuring  the  release 
of  labelled  fatty  acids  from  ^"^C-triolein. 

4.  Glucose  transport  in  isolated  adipocytes  will  be  measured  with  ^"C-S-O- 
methyl glucose. 

5.  Lypolysis  will  be  measured  as  glycerol  released  into  the  medium  during 
incubation  with  various  insulin  and  catacholamine  concentrations. 

6.  Glucose  metabolism  will  be  assessed  by  measuring  ^'*C-glucose  conversion 
to  CO2  glycerol,  fatty  acids,  nucleotides  and  lactate. 

7.  Glucose  transport  sites  will  be  measured  with  labelled  cytochalasin  B. 
Major  Findings: 

1.  Obesity  in  the  Pima  Indians.  Total  body  adiposity  has  been  assessed 
in  Pimas  over  a  range  of  obesity.  The  degree  of  adiposity  ranges  between  25-50?o 
of  the  total  body  weight.  In  general,  for  any  given  body  weight,  Pimas  have  a 
greater  degree  of  adiposity  than  weight-matched  Caucasians.  Analyses  of  the 
number  of  whole  body  adipocytes  and  adipocyte  cell  size  suggest  that  the  increase 
in  fat  mass  is  due  to  an  increase  in  both  cell  size  and  cell  number.  Whereas 
cell  number  increases  with  body  weight,  the  total  number  of  fat  cells  (20-40 
billion  per  subject)  falls  within  the  range  reported  for  hypertrophic  obesity. 

2.  Lipoprotein  Lipase  Activity  Associ_at^ed  with  Pima  Obesity.  We  have 
found  an  increase  in  lipoprotein  lipase  activity  of  abdominal  adipose  tissue  with 
obesity.  Similar  results  were  observed  with  gluteal  and  triceps  adipose  tissue. 
Studies  are  in  progress  to  correlate  the  results  of  adipose  cell  size,  cell 
number,  and  lipoprotein  lipase  activity  of  gluteal,  abdominal,  and  triceps  fat 
with  total  body  adiposity  and  anthropometric  measurements. 

3.  Glucose  Transport  Studies  with  Human  Adipose  Tissue:  Glucose  transport 
rates  can  be  measured  in  very  obese  Pima  Indians.  The  transport  characterics 
are  similar  to  those  reported  by  others  for  Caucasian  fat.  Insulin  responses  are 
of  the  same  magnitude  as  those  found  in  our  glucose  metabolism  studies  when  very 
low  glucose  concentrations  are  used.  Dose  response  measurements  show  insulin 
sensitivity  in  the  50-150  pM  range  for  Pima  Indians.  Plasma  membrane  vesicles 
have  been  made  from  both  rat  and  human  adipose  tissue.  The  transport  character- 
istics of  the  rat  membrane  vesicles  are  consistent  with  those  found  in  whole 
cells.  Cytochalasin  B  binding  studies  suggest  that  human  adipose  vesicles  have 

a  similar  transport  mechanism  as  found  in  rat  adipose  tissue. 
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Significance  to  Biomedical  Research  and  Program  of  the  Institute:  Obesity 
and/or  diabetes  have  profound  physiological  and  psychological  ramifications  in 
a  large  segment  of  the  U.S.  population.  The  Pima  Indians  represent  a  stable, 
homogeneous  group  with  which  to  elucidate  the  pathogenesis  of  these  altered 
metabolic  states.  The  aim  of  these  studies  is  to  first  characterize  these 
states.  Once  characterized,  longitudinal  studies  will  be  initiated  to  examine 
the  development  of  the  changes  in  metabolism,  and  potentially,  the  factors  which 
produce  these  changes. 

Proposed  Course:  The  cross-sectional  studies  of  total  body  adiposity,  adi- 
pose cell  size  and  adipose  lipoprotein  lipase  activity  will  be  extended  to 
longitudinal  studies  of  obesity  in  the  Pima  population.  These  measurements  will 
be  made  in  conjunction  with  cross-sectional  and  longitudinal  studies  of  insulin 
sensitive  parameters  of  carbohydrate  and  lipid  metabolism  in  adipocytes  derived 
from  diabetic  and  nondiabetic  Pima  Indians.  Since  the  insulin  receptor  does  not 
appear  to  contribute  to  Insulin  resistance  it  is  anticipated  that  studies 
involving  fat  cells  from  Pima  Indians  will  help  to  elucidate  the  alterations 
in  metabolic  pathways  associated  with  obesity  and  conditions  of  insulin  insen- 
siti vity. 

Publications:  None 


This  study  is  supported  entirely  by  NIH  NOl -AM-6-221 9. 

Starting  Date:     September  1,  1980 
Expiration  Date:   October  31,  1981 

Contractor:  University  of  Texas  Health  Science  Center 
Southwestern  Medical  School 

Money  Allocated:  $2,794,619  Man-years  Purchased:  32.2 
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Project  Description: 

Objectives:  Previous  studies  indicated  that  the  Na-pump  may  make  a  major 
contribution  to  basal  and  hormone  stimulated  cellular  thermogenesis.  The  recent 
demonstration  that  the  genetically  obese  (ob/ob)  mouse  has  reduced  levels  of 
Ma"*",  K'''-ATPase  in  muscle  and  liver  suggests  that  a  defect  in  a  single  enzyne 
could  reduce  cellular  thermogenesis.  A  resulting  shift  in  the  balance  between 
energy  intake  and  thermogenesis  might  determine  whether  an  animal  will  gain  or 
lose  body  fat.  If  the  activity  level  of  the  Na-pump  has  a  causal  relationship 
with  human  obesity,  obese  subjects  with  normal  thyroid  function  should  have 
decreased  plasma  membrane  (Na"*"  +  K"'')ATPase  activities.  Alternatively,  failure 
of  the  Na-pump  to  respond  to  hormones  which  regulate  thermogenesis  might  be 
considered  as  mechanisms  which  could  contribute  to  human  obesity. 

Pima  Indians  are  a  genetically  homogeneous  group  characterized  by  a  high 
freguency  of  obesity  and  hyperinsul inemia.  They  offer  a  unique  opportunity  for 
testing  hypotheses  relating  genetic  alterations  to  human  obesity.  We  have  estab- 
lished that  obese  Pima  Indian  subjects  have  reduced  basal  red  cell  Na-pump 
activity.  The  basal  ATPase  activity  of  diploid  fibroblasts,  while  cells  and 
adipocytes  from  obese  subjects  will  be  examined  and  compared  to  red  cells  from 
the  same  subject.  In  addition,  these  cells  will  be  characterized  in  vitro, 
and  where  possible  in  vivo,  for  possible  alterations  in  response  to  hormones 
which  control  thermogenesis.  Results  of  this  study  will  be  used  to  assess  the 
extent  that  abnormal  regulation  of  the  Na-oump  is  responsible  for  obesity  in 
Pima  Indians. 

Methods  Employed  and  Results: 

1 .  Reduced  Na"^,  K"^-ATPase  activity  in  Intact  Red  Cells  and  Isolated 
Membranes  from  Obese  ManT  Na"^,  K^-ATPase  activity  was  measured  in  red  blood 
cells  from  20  nondiabetic  euthyroid  male  Pima  Indians  with  varying  degrees  of 
obesity,  their  body  mass  indices  (BMI)  ranging  from  20  to  60  kg/m" .  the  Na"*", 
K+-ATPase,  measured  both  by  '*Rb  uptake  in  intact  cells  and  APR  hydrolysis  by 
purified  membranes,  was  inversely  correlated  with  BMI  (r=-0.62;  p<0.005  and 
r=-0.75;  p<0.0001)  respectively.  The  activity  of  the  Na-pump  from  isolated  red 
cell  membranes  was  significantly  correlated  with  the  rate  of  ^^Rb  uptake  by 
erythrocytes  (r=0.55,  p<0.05).  These  results  confirm  that  obesity  is  associated 
with  decreased  Na"*",  K"''-ATPase  in  intact  red  blood  cells,  and  provide  the  first 
demonstration  of  reduced  sodium  pump  activity  in  isolated  red  cell  membrane 
preparations  from  obese  man. 

2.  Plasma  Factor  Alters  Mg"*""*"  Dependence  of  Red  Cell  Na-pump.  The  Mg"*"*" 
dependence  of  Na"*",  K^-ATPase  activity  in  laked'  red~cell  preparations  (contain 
hemolyzed  red  cells  and  plasma)  was  measured  as  the  ouabain  inhibited  release 
of  inorganic  phosphate.  The  11  normal  weight  subjects  had  a  sharp  peak  at 
about  0.9  mM  mg"''"''  with  marked  inhibition  at  1.2  mM  Mg"*""*".  A  similar  Mg++ 
dependence  was  observed  for  8  obese  subjects  except  that  their  maximum  activity 
was  shifted  to  about  0.8  mM  Mg^^.  Similar  studies  have  been  conducted  using 
isolated  red  cell  membranes  from  normal  and  obese  subjects.   In  contrast  to 

the  laked  cell  preparations,  the  maximum  Na"*",  K+-ATPase  activity  in  isolated 
membranes  from  both  normal  and  obese  subjects  is  reached  at  0.9  mM  Mg.  Compared 
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to  the  normal  subjects,  however  the  activity  for  the  obese  subjects  is  reduced 
at  all  f1g++  concentrations  tested  from  0.6  to  4.6  mM.  In  addition,  the  Mg++ 
inhibition  of  laked  cell  preparations  is  not  apparent  in  the  isolated  membrane 
preparations.  These  results  suggested  that  the  concentration  of  Mg++  required 
for  maximum  activation  and  inhibition  of  Na"*",  K+-ATPase  was  altered  by  factors 
removed  during  membrane  purification.  This  hypothesis  was  supported  by  experi- 
ments using  laked  cells  prepared  in  plasma  (previous  method)  or  following  removal 
of  the  plasma  by  several  washes.  The  laked  red  cells  which  were  hemolyzed  after 
plasma  was  removed  were  not  inhibited  by  elevated  Mg++  concentrations. 

3.  Na-pump  Activity  in  Red  Cells  During  the  Thermic  Effect  of  a  Meal: 
Sodium  pump  activity  was  measured  in  red  blood  cells  from  8  nondiabetic  subjects 
(7  males  and  1  female)  with  varying  degrees  of  obesity  (BMI  ranging  from  23  to  67 
kg/m^J  after  an  overnight  fast  or  90  minutes  after  ingestion  of  a  standard  meal. 
Fasting  values  for  Na"*",  K+-ATPase  measured  in  isolated  membranes  or  intact  red 
cells  reproduced  the  previously  observed  correlation  with  BMI.  However,  no 
consistent  stimulation  of  the  sodium  pump  activity  in  the  postprandial  state  was 
observed.  These  results  suagest  that  the  Na-pump  does  not  contribute  to  the 
thermic  effect  of  a  meal  or  that  the  red  cell  is  not  an  appropriate  system  for 
answering  this  question. 

4.  Na  -pump  Activity  in  Diploid  Fibroblasts:  Methods  have  been  established 
for  measuring  '^^Rb  "uptake"  by  fibroblast  monolayer  cultures.  Rates  of  ouabain 
sensitivity  ''^Rb  uptake  are  linear  over  a  45  minutes  time  period  and  ranqe  from 

10  to  40  pq  Rb/min/10^  cells.  Maximal  stimulation  of  the  Na-pump  is  achieved 
with  a  15  minute  incubation  in  lO^ng/ml  insulin  resulting  in  rates  of  ®°Rb  uptake 
which  are  30  to  85%  above  baseline.  Half  maximal  stimulation  requires  0.5  to  3.0 
ng/ml  insulin. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
demonstration  of  reduced  red  cell  (Na"*",  K+^ATPase  activity  in  intact  cells  and 
isolated  membranes  from  obese  Pima  Indians  suggests  that  a  genetic  lesion  may 
effect  enzymatic  hydrolysis  of  ATP  and  could  contribute  to  the  excessive  obesity 
in  the  Pimas.  Studies  of  other  tissues  will  clarify  the  importance  of  this 
abnormality  in  obesity  in  the  Pima  population. 

Proposed  Studies: 

1.  Family  Study:  Several  obese  and  "thin  families  will  be  studied  to 
determine  if  the  pre-obese  child  (i.e.  the  child  of  obese  parents)  has  Na-pump 
activity  which  is  comparable  to  the  obese  adult  or  to  the  thin  child  from  the 
thin  family.  Results  from  these  studies  will  determine  if  the  reduced  Na-pump 
activity  of  obese  subjects  is  the  result  of  the  obese  state  or  a  possible  cause. 

2.  White  Cell  Na-pump  Activity:  White  cells  are  a  readily  available  source 
of  nucleated  cells  which  may  be  responsible  to  hormonal  regulation  of  the  Na-pump. 
These  cells  will  be  isolated  on  Ficol-Hypaque  gradients  and  used  to  relate  basal 
Na-pump  activity  (^^Rb-uptake)  to  obesity.  In  addition,  they  will  be  used  to 
measure  activity  changes  in  vitro  in  response  to  insulin,  T^  and  catecholamines 
Results  on  the  time  course,  sensitivity  and  magnitude  of  stimulation  of  the 
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Na-pump  in  white  cells  in  vitro  will  be  used  to  design  experiments  which  will 
relate  the  thermic  effects  of  these  hormones  to  changes  in  white  cell -Na-pump 
activity  in  vivo.  Further  details  of  studies  on  the  thermic  effects  of  these 
hormones  are  described  in  section 

3.  Adipocyte  fla-pump  Activity:  Isolated  human  adipocytes  will  be  used  to 
determine  whether  (Na+,  K+^ATPase  activity,  as  determined  by  ouabain  inhibi table 
®^Rb-uptake,  correlates  with  relative  obesity  of  the  donor.   In  addition  stimu- 
lation of  Rb-uptake  by  insulin  will  be  measured.   It  is  possible  that  insulin 
resistance,  known  to  be  present  in  obesity,  may  be  reflected  in  adipocyte  ®^Rb- 
uptake.  If  this  is  the  case,  it  would  support  the  hypothesis  that  reduced 
sensitivity  to  insulin  caused  reduced  (Na"*",  K+)ATPase  activity  in  insulin 
sensitive  tissues  which  in  turn  contributes  to  the  development  of  obesity. 

4.  Diploid  Fibroblast  Pump  Activity:  The  techniques  which  have  been 
established  for  measuring  basal  and  insulin  stimulation  rates  of  rubidium  uptake 
by  cultured  cells  will  be  used  to  compare  the  Na-pump  activity  in  ten  diploid 
fibroblast  lines  from  thin  and  obese  donors.  A  comparison  of  basal,  half 
maximum  and  maximum  insulin  stimulated  rates  of  rubidium  uptake  by  cells  thin 
and  obese  donors  will  be  used  to  determine  possible  genetic  differences  in  Na- 
pump  activity  which  relate  to  obesity.   In  addition,  these  cells  will  be  charac- 
terized in  terms  of  T'  and  catecholamine  stimulation  of  the  Na-pump. 

Publication:  None 
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Project  Description: 


Objectives:  Some  diabetics  taking  chlorDroDamide  have  an  Intense  facial 
flush  after  alcohol.  This  chlorpropamide  induced  alcohol  flushing  (CPAF)  is 
reported  to  be  a  dominantly  inherited  trait  associated  with  non-insulin  deperv 
dent  diabetes.   It  is  much  less  rrequent  in  insulin  dependent  diabetics  and 
nondiabetics.  CPAF  has  also  been  detected  before  the  onset  of  glucose 
intolerance  and  therefore  may  possibly  be  useful  as  a  genetic  marker  for 
some  cases  of  non-insulin  dependent  diabetes.  The  nature  of  the  association 
between  CPAF  and  non-insulin  dependent  diabetes  is  not  clear  but  has  been 
suggested  to  be  due  to  increased  sensitivity  to  endogenous  opiates  such  as 
enkephal in. 

The  Pima  Indians  appeared  to  be  an  excellent  group  to  further  examine  the 
CPAF  test  since  they  are  a  homogenous  population  with  the  highest  reported 
prevalence  of  non-insulin  dependent  diabetes  in  the  world.  Further,  since 
50":  of  adult  Pimas  have  diabetes  and  a  nondiabetic  Pima  Indian  with  two 
diabetic  parents  (genetic  prediabetic)  has  approximately  5  times  the  risk  of 
developing  diabetes  as  a  nondiabetic  Pima  with  two  nondiabetic  parents,  the 
genetic  prediabetic  Pima  Indian  is  an  ideal  subject  to  determine  the  predic- 
tive capability  for  diabetes  of  this  test. 

Purpose  of  Study: 

1.  To  determine  the  relationship  between  CPAF  and  non-insulin  dependent 
diabetes. 

2.  To  determine  the  usefulness  of  CPAF  as  a  predictor  of  non-insulin 
dependent  diabetes  by  studying  the  genetic  prediabetic  Pima  Indian. 

Methods:  Pima  Indian  subjects  with  normal  glucose  tolerance,  impaired 
glucose  tolerance  and  diabetes  were  studied.  On  the  first  day,  the  subjects 
were  given  40  ml  of  sherry  over  a  one  minute  period  and  the  skin  temperature 
at  the  face  and  wrist  measured  for  60  minutes.  Then,  on  the  evening  before 
the  CPAF  test,  chlorpropamide  (250  mg)  was  given  orally.  The  following 
morning  the  subjects  drank  40  mis  of  sherry  over  one  minute  (12  hours  follow- 
ing the  ingestion  of  chlorpropamide).  Skin  temperature  was  measured  at  the 
same  location  (2  cm  below  the  outer  canthus  of  the  eye  and  8  cm  proximal  to 
the  wrist  on  the  flexor  aspect  of  the  forearm).  An  increment  of  skin  temper- 
ature of  >2°F  was  considered  a  "flush". 

Results :  In  our  preliminary  study  of  chlorpropamide  alcohol  flusing  in 
the  Pima  Indians,  our  findings  did  not  agree  with  the  results  first  presented 
by  Leslie  and  Pyke.  Since  then  several  other  groups  who  have  also  studied 
the  chlorpropamide  alcohol  flush  have  not  been  able  to  confirm  the  original 
observations  by  Leslie  and  Pyke.   It  is  now  apparent  that  chlorpropamide 
alcohol  flushing  will  not  prove  to  have  much  relevance  to  the  study  of  Type 
II  diabetes.  We  have  therefore  stopped  all  further  studies  of  chlorpropamide 
alcohol  flushing  in  Pima  Indians. 
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Proposed  Course:     No  further  studies  of  chlorpropamide  alcohol   flushing 
will    be  done   in   the  Pima   Indians. 

Publications : 


The  findings  of  this  study  were  presented  at  a  workshop  on  " Chi orpropami de- 
Alcohol   Flushing  and  Diabetes"  sponsored  by  the  National   Diabetes   Data  Group 
of  the  N.I.H.   and  the   International    Diabetes  Epidemiology  Group,  June  13-14, 
1980   in  Washington,    D.C. 

NIH  Contract  No.:     NOl-AM-6-2219  Starting  Date:     September  1,   1980 

Expiration  Date:     October  31,   1981 

Contractor:     University  of  Texas  Health  Science  Center 
Southwestern  Medical    School 

Money  Allocated:      $2,794,619  Man-years   Purchased:      32.2 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Growth  hormone  deficient  subjects  who  meet  the  criteria  for  growth  hormone 
therapy  from  the  National  Pituitary  Agency  are  being  selected  for  study. 
Serum  lipoprotein  composition  is  being  measured  before,  during  and  after 
growth  hormone  therapy.  Similarly,  serum  somatostatin  and  pancreatic  poly- 
peptide levels  following  a  test  meal  are  being  measured  in  these  same  subjects 
to  determine  the  effects  of  growth  hormone  therapy  on  these  parameters. 
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Previous  clinical  studies  have  indicated  that  growth  hormone  has  many  meta- 
bolic effects  besides  the  stimulation  of  growth.  Effects  of  growth  hormone 
on  carbohydrate,  protein,  and  lipid  metabolism  have  been  demonstrated. 
Interactions  with  several  hormones  have  also  been  noted. 

Marked  hyperl ipidemia  has  been  clearly  demonstrated  in  growth  hormone  defi- 
cient adult  dwarfs.  Despite  this  hyperl ipidemia  and  the  abnormalities  of 
carbohydrate  metabolism  found  in  adult  dwarfs,  the  prevalence  of  arterio- 
abnormal ities  in  carbohydrate  and  lipid  metabolism.  A  recent  study  examined 
the  effect  of  growth  hormone  therapy  on  serum  triglycerides  and  cholesterol 
levels  in  growth  hormone  deficient  children  and  found  only  minor  changes  in 
the  levels  of  these  lipids  after  treatment.  Lipoprotein  fractions  were  not 
separated  in  this  study.  Measurement  of  lipoprotein  fractions  in  growth 
hormone  deficient  subjects  before  and  during  growth  hormone  therapy  would  be 
of  interest  because  growth  hormone  deficient  individuals  might  have  altered 
lipoprotein  distributions  which  might  possibly  protect  qrowth  hormone 
deficient  dwarfs  form  vascular  disease;  morover,  alterations  in  their  lipo- 
protein fractions  may  occur  with  growth  hormone  therapy. 

Interrelationships  between  growth  hormone  and  other  hormones  such  as  insulin 
have  been  well  recognized.  Somatostatin  is  known  to  suppress  growth  hormone 
secretion  and  a  recent  study  in  hypophysectomized  dogs  reported  finding 
suppressed  serum  somatostatin  levels  suggesting  a  possible  feedback  relation- 
ship between  these  two  hormones.  Recent  developments  in  the  radioimmunoassay 
for  somatostatin  using  ^'^I-Tyrosine-l 1 -somatostatin  tracer  to  avoid  problems 
of  aminopeptidase  degradation  now  make  possible  the  determination  of  human 
serum  somatostatin  levels  and  therefore  provide  a  methodology  to  determine  if 
growth  hormone  deficiency  or  treatment  are  associated  with  altered  somato- 
statin levels. 

An  association  between  growth  hormone  and  pancreatic  polypeptide  has  been 
suggested.  One  study  has  found  pancreatic  polypeptide  secretion  elevated  in 
growth  hormone  deficient  children.  Furthermore,  they  found  that  growth 
hormone  treatment  did  not  suppress  pancreatic  polypeptide  to  normal  levels 
in  response  to  insulin  hypoglycemia.  Further  examination  of  pancreatic 
polypeptide  levels  during  growth  hormone  therapy  might  help  to  elucidate  the 
relationship  of  these  two  hormones. 

Objectives: 


1.  To  examine  the  composition  of  serum  lipoproteins  before  and  during 
growth  hormone  therapy  in  growth  hormone  deficient  subjects. 

2.  To  examine  the  relationships  between  growth  hormone  and  somatostatin 
and  growth  hormone  and  pancreatic  polypeptide  by  measuring  these  hormones 
before,  durinq  and  after  growth  hormone  therapy  in  qrowth  deficient  subjects. 
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Methods  Employed:  Growth  hormone  deficient  euthyroid  subjects  whose 
height  is  more  than  two  standard  deviations  below  the  mean  for  aqe,  have  a 
current  growth  rate  of  <4  cm/yr,  have  a  bone  age  delay  of  two  or  more  years 
and  an  inadequate  nrowth  hormone  response  to  two  definite  stimuli  (insulin 
hypoglycemia,  arginine  infusion  or  L-Dopa)  are  considered  for  study.  Each 
subject  is  admitted  and  placed  on  a  weiqht-maintaining  diet  consisting  of 
45o  CHO,  40°o  Fat  and  15'^  Protein  for  three  days.  Then,  after  an  overniqht 
fast  blood  samples  are  obtained  for  plasma  lipids  and  lipoprotein  determi- 
nations and  the  measurement  of  somatostatin,  pancreatic  polypeptide,  insulin, 
glucagon  and  glucose.  The  patient  is  then  fed  a  test  meal  of  12-15  gm/kq 
composed  of  25'i  Protein,  40"  Fat  and  35%  CHO  with  blood  sampling  every 
30  minutes  for  three  hours  for  measurement  of  somatostatin,  pancreatic  poly- 
peptide, insulin,  glucagon,  and  glucose  concentrations. 

Major  Findings :  This  study  has  commenced  only  recently.  To  date  only 
one  growth  hormone  deficient  subject  has  been  recruited  for  this  study. 
Therefore,  no  data  is  presently  available. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  study  should  provide  insiqht  into  some  of  the  hormonal  changes  occurring 
in  the  growth  hormone  deficient  state.  Furthermore,  it  should  provide  better 
understanding  of  the  interaction  of  growth  hormone  with  somatostatin  and 
pancreatic  polypeptide.  The  study  should  also  help  elucidate  the  influence 
of  growth  hormone  on  plasma  lipoprotein  composition  in  humans. 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  development  of  obesity  in  the  Pima  Indians  may  in  part  be  determined  by 
the  rates  of  gastric  emptying.  Furthermore,  peptic  ulcer  disease  is  known  to 
be  low  in  this  population,  but  increasing.  Studies  of  gastric  emptying  and 
gastric  acid  secretion  to  date  suggest  that  rates  of  liquid  gastric  emptying 
are  not  altered  in  obesity.  Diabetes  appears  to  be  associated  with  decreased 
acid  secretion  and  hypergastrinemia.  The  low  acid  production  in  the  Pima 
Indians  may  explain  the  low  incidence  of  gastroduodenal  ulceration. 
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Objectives:     Obesity  and  carbohydrate  intolerance  are  common  among  the 
Pima   Indians.      It  is   possible   that  the  development  of  obesity  may   in   part  be 
determined  by  the  rates  of  gastric  emptying.     The  rapid  emptying  of  food  from 
the  stomach  would  decrease  the  time  of  postprandial   satiety  consequent  upon 
gastric  distension  by  ingested  food.     Also,   the  more  rapid  transit  of  nutri- 
ents  into  the  small    intestine  and  the  probably  more  rapid  absorption  would 
result  in  a  peak  of  nutrient  delivery  to   the  body  and  encourage  energy  storage 
as   neutral    fat.     An  uncontrolled  observation  by  radiologists    is    that  barium 
sulfate  suspension  leaves   the  stomach  of  Pima   Indians  more  rapidly  than  that 
observed  in  the  Caucasian  population.      Furthermore,   peptic  ulcer  disease   is 
low   in  the  Pima   Indian  population,   but  increasing.      It  is   also  known   that 
postprandial   serum  gastrins   in  Pima   Indians  who  are  diabetic  are  high.     For 
the  above  reasons,  we  plan  to  evaluate  concurrently  gastric  empyting  and 
gastric  secretion  of  acid  in   Pima   Indians  over  a   range  of  obesity  with   and 
without  diabetes.     We  expect  to  obtain  answers    to   the  following: 

1.  Do   the  fractional   emptying   rates   correlate  with   the  degree  of 
obesity? 

2.  Are  acid  output  and  fractional  emptying  rates  significantly 
different  in  the  Pima  Indians  compared  to  a  population  with 
a   greater  frequency  of  peptic  ulcer? 

3.  Does   diabetes   and  glucose   intolerance  correlate  with   altera- 
tions   in  gastric  emptying  and  gastric  secretion? 

4.  If  the   increase   in   the   incidence  of  peptic   ulcer  disease 
among   the  Southwestern  American   Indian  population  continues, 
will      a   subsequent  study  of  gastric  acid  secretory  rates 
show  corresponding  changes   in  gastric  acid  secretion? 

Methods:     A  group  of  thirty-eight  subjects    (13  Caucasian,    13  Obese  Pimas, 
12   Diabetic  Pimas)  were  admitted  to. the  metabolic  ward  to  study   the    hormonal 
response   to  a  standard  meal.     Thirty-one  other  subjects    (8  Caucasians   and  23 
Pima   Indians)   had  studies   of  intragastric  volume,   gastric  emptying  and  secre- 
tion determined  using  a  dye   dilution   technique. 

The  rate  of  gastric  emptying  and  the  rate  of  secretion  of  acid  and  volume 
were  measured  simultaneously  using  a   dye  dilution   technique.     A  nasogastric 
tube  was   passed   into  the  stomach  of  a   fasting  subject.     Blood  samples   for 
serum  glucose,   serum  insulin  and  serum  gastrin  were  drawn  at   15-minute   inter- 
vals  during   the  test.     The   test  itself  consisted  of  a  40-minute  fas t-ing  period, 
a  subsequent  60-minute  period  following   intragastric  administration  of  a  250  ml 
test  water  load   (containing  40  mg   phenol    red  per  liter)   and  a   final    60-minute 
period.     At  the  beginning  of  the  final    60-minute  period  histalog  Betazole   1  mg/ 
kg  body  wt  was   given  im.     At  ten  minute   intervals   during   the  study,   gastric 
contents  were  aspirated  and   5-20  ml    of  a   test  solution   identical    in  composition 
to   the  test  meal   was    injected  into   the  stomach.     At  the  end  of  the  procedure, 
the  stomach  was   emptied  completely.      The  concentration  of  phenol    red  and  H"*" 
ion  was   determined   in  all   samples.      From  these   data,  we  calculated  the   intra- 
gastric volume  and  acid  content  at  each   ten-minute   time  point,    the  amount  of 
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emptying  in  each  ten-minute  interval,  and,  by  difference,  infer  the  rates  of 
secretion  of  acid  and  water. 

Results:  The  plasma  gastrin  levels  before  and  after  the  test  meal  were 
higher  in  the  Pima  Indians  (both  diabetic  and  nondiabetic)  than  in  the 
Caucasians. 

The  basal  acid  concentration  and  acid  secretion  rate  were  lower  in  the 
diabetic  obese  Pimas  than  in  nondiabetic  obese  Pimas  (13.11+4.77  uEq/ml  and 
25.88+9.94  yEq/min  vs  19.96+6.18  yEq/ml  and  29.58+9.32  uEq.min,  N.S.)  and  both 
groups  were  lower  than  those  observed  in  non-obese  Caucasians  (30.37+3.72  yEq/ 
ml  and  55.81+6.19  uEq/min,  p<0.01).  Following  a  250ml  water  load  and 
Histolog  administration  (1  mg/kg),  gastric  acid  concentration  and  acid  secre- 
tion rate  were  also  lower  in  both  the  nondiabetic  obese  Pimas  (N.S.)  and 
diabetic  obese  Pimas  (p<0.01)  as  compared  to  the  non-obese,  nondiabetic 
Caucasians.  There  was  no  difference  among  the  three  groups  in  fractional 
gastric  emptying  rate  during  the  basal  state  (9.85+1.1,  11.13+2.2  and  9.69+ 
2.61%/min),  but  following  a  water  load,  the  diabetic  obese  Pimas  (8.96+ 
1.2%/min,  p<0.02)  were  significantly  lower  than  those  in  other  groups. 
Neither  fractional  rate  of  gastric  emptying,  nor  gastric  acid  concentration 
was  related  to  degree  of  obesity  (BMI:  Wt  Kg/Ht  m^  and  body  surface  area:  m^) 
in  any  groups. 

These  observations  suggest  that  rates  of  noncaloric  liquid  gastric  emptying 

are  not  altered  in  obesity.  Diabetes  appears  to  be  associated  with  decreased 

acid  secretion  and  hyperqastrinemia.  The  low  acid  production  in  the  Pima 

Indians  may  explain  the  low  incidence  of  gastroduodenal  ulceration. 

Proposed  Course:  The  preliminary  studies  of  gastric  emptying  and 
secretion  were  done  using  a  non-nutrient  (water).   It  is  now  proposed  to 
study  the  effect  of  liquids  containing  nutrient  (glucose)  on  the  rate  of 
gastric  emptying  and  secretion  in  subjects  with  varying  degrees  of  obesity 
and  glucose  tolerance. 

This  project  has  been  supported  entirely  by: 

NIH  Contract  No:  NOl -AM-6-2219      Starting  Date:  September  1,  1980 

Expiration  Date:  October  31,  1981 

Contractor:  University  of  Texas  Health  Science  Center 
Southwestern  Medical  School 

Money  Allocated:  $2,794,619        Man-years  purchased:  32.2 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  has   been   proposed   that  the  high   incidence  of  obesity  in   the   Pima   Indians  may 
be  due  to  genetic  selection  for  a  "thrifty  gene",   a  gene  that  would  allow  the 
Pimas   to  store  energy  very  efficiently;     these  efficient  individuals  would  pre- 
sumably be  more  capable  of  surviving  famine  tlian  lean,  less-efficient  indivi- 
duals.     In  order  to  help  determine  whether  or  not  such  a  genetic  difference 
exists,   thermogenic  responses   to  various  stimuli,   including  food,   norepinephrim 
and  exercise,   are  being   investigated  in  obese   Pima   volunteers.     These   thermo- 
genic  responses   are  being  measured  during  periods   of  weight  maintenance,  of 
overnutrition,   and  of  undernutrition.     Thyroid  hormone  metabolism  and  resting 
metabolic  rate  is   also  being  studied,   since  previous  studies  with   Caucasian 
volunteers   have  shown  that   these  parameters   are  affected  by  dietary  manipulatioiji 
The  results   from  this   research  are  being  compared  to   those  obtained  from  lean  arlid 
obese  Caucasians  involved  in  studies   in  Vermont. 
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Project  Description: 

Objectives : 

1.  The  overall  objective  of  the  project  1s  to  explore  In  the  Pima 
Indians  the  factors  which  contribute  to  their  prevalent  obesity  and  the 
Intimately  associated  Type  II  diabetes. 

2.  To  study  the  thermoqenetic  responses  of  the  Pimas  and  the  altera- 
tions In  thyroid  and  catecholamine  metabolism  induced  by  short-term  stimuli 
(food,  norepinephrine  infusions,  and  exercise)  during  periods  of  weight  main- 
tenance, over-nutrition  and  under-nutrition,  and  to  compare  these  responses 
with  those  of  Caucasians. 

3.  To  dissociate,  where  possible,  those  changes  that  are  a  consequence 
of  the  altered  body  mass  from  those  that  result  from  total  caloric  intake  or 
from  change  in  composition  of  the  diet. 

4.  To  clarify  further  the  possible  mechanisms  that  miqht  be  responsible 
for  nutritionally-induced  alterations  in  thyroid  and  catecholamine  metabolism 
and  the  mechanlsm(s)  by  which  these  changes  influence  thermogenesis  and  the 
body  economy. 

Methods: 


1.  Anthropometric  measurements  have  Included  height,  weight,  circum- 
ference measurements,  skinfold  thickenss,  and  underwater  weighing  to  deter- 
mine percentage  of  body  fat  and  fat  free  mass  (FFM),  and  triple-site  fat 
biopsies  to  estimate  fat  cell  size  and  number. 

2.  Measurements  of  oxygen  consumption  and  carbon  dioxide  production 
are  made  using  indirect  calorimetry,  specifically  a  hood  system  with  a  pneumo- 
tach  or  a  dry  gas  meter  for  determining  flow  rate. 

3.  During  the  three-week  over-nutrition  phase,  the  subject  consumes 
the  calories  required  for  weight  maintenance  plus  an  additional  1,000  kcal 
per  day  in  the  form  of  a  balance  liquid  formula  (Ensure  Plus).  During  the 
under-nutrition  phase,  the  subject  takes  only  thirty  percent  of  his  daily 
weight  maintenance  calories  each  day  for  six  weeks. 

4.  Metabolic  rates  are  measured  each  morning  for  two  fifteen-minute 
periods,  between  6:30  and  7:30  a.m.,  and  for  two  more  fifteen-minute  periods 
between  7:45  and  8:45  a.m.,  and  as  a  baseline  for  the  thermogenic  stimuli, 
which  Include: 

A.  food,  800  kcal  of  Ensure  Plus 

B.  norepinephrine,  doses  of  0.05,  0.10,  0.15,  and  0.20  ug/kg  FFM/min, 
each  Infused  for  30  minutes 

C.  exercise,  an  efficiency  test  in  which  the  subject  cycles  for 
5-10  minutes  at  each  of  four  levels  (0,  30,  60,  and  90  watts). 
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5.   Blood  samples  are  taken  at  appropriate  times  to  be  analyzed  for 

catecholamines,  thyroid  hormones,  glucose,  insulin,  free  fatty  acids,  try- 

glycerides,  and  ketones.  Urine  samples  are  also  collected  for  catecholamine 
analysis. 

Major  Findings: 

1.  Six  subjects  have  completed  the  weight-maintenance  phase  thus  far, 
five  have  completed  the  over-nutrition  phase  and  two  have  completed  the  under- 
nutrition phase  of  this  study. 

2.  The  following  table  will  be  submitted  to  be  considered  for  present- 
ation at  the  fall  meetings  of  the  American  Federation  of  Clinical  Research: 


Thermogenic 

response  {l 

.mlOc/min/kgFFM) 

Subject 

Wt. 

FFM 

Basel ine 

MR 

Food 

Dose 

NE  („g/kgFFM/min) 

(kg) 

(kg) 

(mlO; 

7min/kgFFM) 

(800  kca 

1) 

(0.05 

0.10 

0.15  0.20) 

1 

158 

100 

4.33 

0.62 

0.25 

1.05 

1.19   - 

2 

77 

59 

4.05 

0.56 

0.17 

0.24 

0.47  0.80 

3 

112 

78 

3.72 

0.45 

0.47 

0.78 

__ 

4 

146 

99 

3.89 

0.41 

0.06 

0.05 

0.32  0.69 

5 

121 

63 

4.70 

0.59 

0.29 

0.59 

0.67  0.75 

6 

93 

60 

4.78 

0.23 

0.00 

— 

0.62  0.40 

113    77        4.26         0.41     0.21   0.54  0.65  0.65 

Metabolic  rate  (MR)  was  measured  in  six  obese  Pima  Indians  for  3-1/2  hours 
following  the  ingestion  of  800  kcal  Ensure  Plus,  or  during  and  for  30  minutes 
after  a  30  minute  intravenous  infusion  of  norepinephrine  (NE)  in  doses  of 
0.05,  0.10,  0.15,  0.20  ug/min/kg  fat-free  mass  (FFM).  FFM  was  measured  by 
underwater  weighing  and  MR  (ml  02/min/kg  FFM)  by  indirect  calorimetry. 
Thermogenic  response  is  expressed  as  the  difference  between  the  mean  MR  during 
the  test,  and  the  baseline  MR,  which  was  measured  for  30  minutes  prior  to  the 
stimulus. 

3.   It  is  too  early  to  draw  any  conclusions  from  these  preliminary 
results  since  they  are  awaiting  statistical  evaluation  and  the  majority  of 
the  blood  samples  have  not  been  analyzed;  it  will  be  particularly  important 
to  know  the  serum  concentrations  of  NE  produced  by  the  infusion.  However, 
comparinq  preliminary  results  with  those  of  the  Vermont  group,  it  appears  that 
the  thermogenic  response  of  Pima  Indians  to  norepinephrine  will  not  be  signi- 
ficantly different  from  that  of  lean  Caucasians,  but  that  their  thermogenic 
response  to  food  may  be  somewhat  lower. 


are: 


4.   Two  other  observations  that  probably  deserve  mention  at  this  time 

A.  The  resting  metabolic  rates  (expressed  as  ml  02/min/kg  FFM)  do 
not  appear  to  be  significantly  different  for  the  Pima  Indians  than  would 
be  predicted  from  studies  with  lean  or  obese  Caucasians. 
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B.   Over-nutrition  produces  the  same  increase  in  resting  metabolic 
rate  in  the  Pima  Indians  as  that  found  in  similar  studies  with  Caucasians 
in  the  Vermont  laboratory. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  Pima  Indians  are  known  to  have  a  high  incidence  of  obesity  and  Type  II 
diabetes.  Thus  far,  research  concerning  this  population  has  focused  primarily 
on  diabetes,  though  the  relationship  between  obesity  and  Type  II  diabetes  has 
long  been  known.  It  is  obviously  important  to  the  treatment  and/or  preven- 
tion of  diabetes  in  the  Pimas,  as  well  as  being  important  to  its  own  preven- 
tion, to  determine  the  cause(s)  of  obesity  in  this  population.  A  group  as 
genetically  homogenous  as  the  Pimas  provides  the  best  possible  opportunity  to 
find  a  genetic  thermogenic  defect,  which  would  predispose  an  individual  to 
obesity.  If  a  defect  does  exist,  it  would  then  be  of  interest  to  determine 
whether  or  not  such  a  defect  exists  in  some  Caucasians,  or  if  the  etiology 
of  their  obesity  is  due  primarily  to  different  mechanism(s) . 

Proposed  Course:  One  additional  volunteer  is  currently  in  the  over- 
nutrition  phase  of  the  study  and  two  are  in  the  under-nutrition  phase,  to 
make  a  total  of  six  for  weight  maintenance,  six  for  over-nutrition  and  four 
for  under-nutrition.  These  studies  should  be  complete  by  the  end  of  July, 
at  which  time  we  would  like  to  statistically  analyze  the  results.  Analyses 
of  the  plasma  and  urine  samples  should  be  completed  this  summer  as  well. 

It  is  planned  that  two  related  studies,  which  are   currently  awaiting  approval 
and/or  equipment,  will  be  started  in  the  fall.  One  of  them  is  ^ery   similar 
in  overall  design  to  the  one  previously  discussed,  however,  in  place  of  the 
tests  involving  the  thermogenic  stimuli,  the  studies  will  include  kinetic 
studies  of  T3  and  Ti*  ,  TRH  infusion  studies  (with  measurement  of  TSH  and 

prolactin  response)  and  lipoprotein  analyses.  Since  it  has  been  suggested 
by  the  work  of  Flier  and  others  that  changes  in  the  activity  of  the  Na''"-K^ATP- 
ase  pump  may  play  a  role  in  the  thermogenic  response,  the  Na''"-K'''ATPase 
activity  in  red  and  white  blood  cells  will  also  be  measured  while  the  subjects 
are  in  various  nutritional  states.  The  thyroid  kinetic  studies  are  important 
to  the  complete  understanding  of  thyroid  hormone  metabolism  in  the  Pimas  and 
to  the  comparison  of  their  thyroid  hormone  metabolism  with  that  of  Caucasians, 
which  was  studied  previously  in  the  Vermont  laboratory.  Na  -K''"ATPase  activity 
has  recently  been  shown  to  have  a  negative  correlation  with  body  mass  index 
in  the  Pimas.  It  is,  therefore,  of  interest  to  try  to  determine  whether  this 
relationship  is  due  to  the  actual  differences  in  body  weight  and  extent  of 
obesity,  or  to  the  nutritional  state  of  the  individual. 
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The  second  phase  of  the  proposed  studies  involves  cold-adaptation  of 
individuals  by  having  them  spend  eiqht  hours  per  day  for  five  days  per  week 
for  three  weeks  in  a  room  kept  at  approximately  50°F.   It  has  been  reported 
that  cold-adaptation  causes  Caucasians  to  become  more  sensitive  to  noreoi- 
nephrine  and  that  obese  Caucasians  have  a  decreased  sensitivity  to  norepi- 
nephrine, when  compared  to  their  lean  counterparts.  Thus,  it  will  be 
valuable  to  find  out  whether  or  not  the  Pimas  are  capable  of  adapting  to 
the  cold  and  what  effect(s)  prolonged  cold  exposure  has  on  their  sensitivity 
to  norepinephrine. 

This  project  is  entirely  supported  under  a  subcontract  with  the  University  of 
Vermont. 

Contract  Mo.  NOl -AM-6-2219  Starting  Date:  September  1,  1980 

Expiration  Date:  October  31,  1981 

Contractor:  University  of  Texas  Health  Science  Center 
Southwestern  Medical  School 

Money  Allocated:  32,794,519.        Man-Years  Purchased:  32.2 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
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used  to  investigate  islet  function  and  its  regulation  in  obesity  and  diabetes. 
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Project  Description: 

Objectives:  The  Pima  Indians  constitute  a  well-characterized  population 
with  a  high  prevalence  of  Type  II  diabetes  mellitus  and  provide  a  unique  popula- 
tion in  which  to  study  islet  cell  function,  insulin  resistance  and  the  develop- 
ment of  obesity  and  diabetes.  Radioimmunoassays  (RIA's)  for  measurement  of 
circulating  concentrations  of  pancreatic  islet  polypeptide  hormones  are  central 
to  these  cross-sectional  and  longitudinal  studies.  In  addition  to  the  assays 
for  insulinand  glucagon,  gl ucagon-l ike  immunoreacti vi ty  (GLI)  and  C-peptide 
have  been  added  in  the  past  year. 

Methods  and  Results: 


1 .   Insulin  and  C-peptide: 


A.  Sacaton  Field  Studies  Samples.  Insulin  is  measured  on  a  routine 
basis  in  serum  samples  obtained  during  biennial  oral  glucose  tolerance 
tests  on  Pimas  conducted  by  the  Epidemiology  and  Field  Studies  Rran-.  i. 
Assays  for  insulin  in  samples  collected  over  a  six  year  period  ending 
December,  1978  are  completed  and  the  data  av/ait  statistical  analysis. 

B.  Effect  of  Control  of  Plasma  Glucose  on  ;  Cell  function.  Insulin 
secretion  and  insulin  resistance  were  examined  in  seven  obese  Type  II 
diabetics  before  and  after  control  of  plasma  glucose  levels  without  weight 
loss.  Control  was  achieved  by  regular  insulin  injection  (60-205  uU/day  in 
four  doses).  After  10  days  of  therapy,  plasma  insulin  and  C-peptide 
responses  to  oral  glucose  were  significantly  improved.   Insulin  induced 
glucose  disposal  rates  ("  values),  estimated  by  the  glucose  clamp  technique 
were  unchanged.   In  two  diabetics,  whose  therapy  was  extended  to  30  days, 

M  values  increased.  These  results  indicate  that  short-term  control  of 
plasma  glucose  improved  insulin  secretion  but  not  insulin  sensitivity  and 
that  prolonged  control  improved  both.  The  impaired  insulin  secretion  and 
insulin  sensitivity  in  Type  II  diabetics  appears  to  be  in  part  secondary 
to  metabolic  abnormalities  associated  with  hyperglycemia. 

C.  Regulation  of  Islet  Cell  Function  by  Exogenous  Insulin.  To 
investigate  the  possible  causes  of  hyperinsul inemia  in  obesity  the  C-peptide 
levels  of  6  obese  (OP)  and  4  lean  (LP)  Pima  Indians  with  normal  glucose 
tolerance  were  studied  using  the  euglycemic  hyperinsul inemic  clamp.  On  3 
different  days  plasma  insulin  was  raised  acutely  10,  25  or  100  uU/ml  above 
its  fasting  concentration  and  maintained  for  90  minutes.  In  the  pre-clamp 
period  insulin  and  C-peptide  levels  of  OP  were  3-fold  greater  than  those  of 
LP.   Increases  in  plasma  insulin  of  10  and  25  uU/ml  suppressed  plasma 
C-peptide  in  both  groups.  An  increment  of  100  pU/ml  suppressed  C-peptide 

by  0.6-3  pfl/ml  (33^;  below  baseline  P<0.01)  in  OP  and  by  0.28  pM/ml  (39?^  below 
baseline  P<'0.02)  in  LP.  However,  suppressed  C-peptide  levels  of  OP  never 
reached  the  basal  levels  of  LP.  Termination  of  insulin  infusions  resulted 
in  comparable  rates  of  insulin  disappearance.  Glucagon  was  suppressed  to  a 
comparable  degree  in  both  groups.  They  reveal  no  evidence  of  an  insensi- 
tivity  of  either  2  cells  or  *  cells  to  regulation  by  insulin  in  the  concen- 
tions  studied. 
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2.   Glucagon  and  GLI : 

A.  Lack  of  "Big  Plasma  Glucagon"  Response  to  Arginine  1n  Man.  The 
glucagon  antiserum  30K  measures  two  components  of  immunoreacti ve  glucagon 
(IRG),  IRG^-°'  ("pancreatic  glucagon")  and  BPG  ("big  plasma  glucagon"). 
Although  the  BPG  component  constitutes  the  majority  of  the  IRG  in  fasting 
plasma,  a  physiological  role  for  BPG  has  not  been  demonstrated.  Conflicting 
results  have  been  reported  from  in  vivo  animal  studies  in  which  BPG  response 
to  arginine  stimulation  was  attempted.  In  order  to  determine  whether  the 
concentration  of  "big  plasma  glucagon"  (BPG)  levels  changes  in  response  to 
stimulation  of  the  pancreatic  A-cell,  plasma  samples  were  obtained  from 
eight  Type  II  diabetics  before  and  during  arginine  infusion.  The  BPG  and 
pancreatic  glucagon  (IRG^^°°)  components  of  glucagon  were  separated  by  gel 
filtration  chromatoqraphy  and  fractions  were  assayed  for  immunoreactive 
glucagon  (IRG)  with  30K  antisera.  When  chromatograms  from  basal  and  stimu- 
lated plasma  were  compared,  no  changes  in  BPG  were  observed,  demonstrating 
that  only  IRG^^°°  is  involved  in  the  increase  in  IRG  observed  in  these 
patients. 

B.  Relationship  of  Fasting  and  Postprandial  Plasma  Glucagon  and  GLI 
to  Obesity  and  Diabetes?  Glucagon  (IRG)  and^lTLTas  well  as  insulin  concen- 
trations  were  measured  in  plasma  samples  obtained  before  (-15,  0)  and  for  6 
hours  after  (15,  30,  60,  120,  180,  240,  360  min)  a  standardized  test  meal 
was  ingested  by  nondiabetic  (NP,  n=32)  and  diabetic  (DP,  n=12)  Pima  and 
nondiabetic  (NC,  n=ll)  Caucasians.  All  groups  had  similar  means  and  ranges 
of  obesity  (body  mass  index).  The  fasting  levels  and  integrated  six-hour 
postprandial  responses  of  insulin,  glucagon  and  GLI  were  determined  and  the 
data  for  each  of  the  three  groups  compared.  The  postprandial  response  of 
insulin  was  two-fold  greater  (P<0.05)  in  nondiabetic  Pimas  than  in  nondiabetic 
Caucasians.  This  difference  is  similar  to  previous  reports  from  this  unit 
demonstrating  hyper-responsiveness  of  insulin  in  Pimas  to  oral  and  IV  glucose 
when  compared  to  Caucasians.  The  postprandial  GLI  response  was  also  greater 
for  Pimas  (Mean  PN  response  160%  of  NC  response;  P<0.05),  although  the  post- 
prandial glucagon  responses  were  not  different.  No  significant  differences 
between  Pima  nondiabetics  and  diabetics  were  observed  in  the  postprandial 
responses  of  insulin,  glucagon  or  GLI,  although  the  time  course  of  post- 
prandial insulin  response  was  more  sluggish  in  DP  than  in  NP  and  NC.  The 
effect  of  BMI  (obesity)  upon  basal  hormone  levels  and  postprandial  responses 
was  examined.  Basal  insulin  correlated  significantly  with  BMI  for  all  three 
groups,  as  expected.  Neither  fasting  nor  postprandial  IRG  or  GLI  were 
related  to  BMI  for  any  of  the  groups  studied. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
availability  of  accurate,  well  controlled  assays  for  measurement  of  islet  cell 
secretory  products  is  essential  to  the  investigation  of  the  role  of  islet  cell 
function  and  insulin  resistance  in  obesity  and  diabetes.  The  RIA  laboratory 
also  provides  the  opportunity  to  develop  methods  and  to  approach  more  basic 
questions  concerning  the  physiology  of  the  polypeptide  hormones. 
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Proposed  Course:  The  RIA  laboratory  will  continue  to  support  studies  by 
the  Epidemiology  and  Field  Studies  Branch  and  the  metabolic  studies  in  this  unit 
that  require  measurement  of  insulin,  C-peptide,  qlucaqon  or  GLI.  In  addition, 
we  will  attempt  to  develop  a  somatostatin  in  RIA  that  permits  reproducible  measure- 
ment of  this  islet  hormone  in  unextracted  plasma  or  in  extracts  of  plasma  of 
small  enough  volume  to  be  practical  for  metabolic  studies  requiring  multiple 
samples  over  a  short  period  of  time. 

Publ ications: 


1.  Hidaka,  H.,  Nagulesparan,  M.,  Klimes,  I.,  Sasaki,  H,,  Aronoff,  S.L., 
Vasquez,  B.,  Rubenstein,  A.H.,  and  Unger,  R.H.:  Improvement  of  insulin 
secretion  but  not  insulin  resistance  after  short-term  control  of  plasma 
glucose  in  obese  Type  II  diabetics.  J.  Clin.  Endocrinol.  Metab.,  in  press, 

2.  Von  Schenck,  H.,  Vasquez,  B.,  and  Unger,  R.H.:  Lack  of  a  "Biq  Plasma 
Glucagon"  response  during  arginine  stimulation  of  glucagon  secretion. 
Horm.  and  Metab.  Res.,  in  press. 


This  study  is  supported  entirely  by  NIH  NO! -AM-6-221 9. 

Startina  Date:    September  1,  1980 
Expiration  Date:  October  31,  1981 

Contractor  :  University  of  Texas  Health  Science  Center 
Southwestern  Medical  School 

Money  Allocated:  $2,794,619  Man  Years  Purchased:  32.2 
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ANNUAL  REPORT  FOR  FISCAL  1981 
OFFICE  OF  THE  ASSOCIATE  DIRECTOR  FOR 
EXTRAMURAL  ACTIVITIES  PROGRAM 

The  Extramural  Activities  Program  (EAP)  and  the  Office  of  the  Associate  Director 
(OAD-EAP)  have  responded  to  a  wide  variety  of  activities  in  FY  81.   This  reflects 
both  the  supportive  and  coordinating  role  of  the  OAD-EAP  as  well  as  the  increas- 
ing number  of  responsibilities  being  placed  upon  it  and  its  four  branches: 
Grants  Management,  Contracts,  Program  Evaluation,  and  Review.   The  separate 
branch  reports,  which  follow,  detail  accomplishments,  challenges,  changes,  and 
new  requirements  as  they  pertain  to  the  individual  branches.   This  section 
refers  to  those  activities  emanating  from  the  OAD-EAP  and  those  having  impact 
either  across  the  branches  of  this  cluster  or  across  the  extramural  clusters  and 
the  NIADDK. 

The  NIADDK  is  completing  its  second  year  of  participation  in  both  the  Division 
of  Research  Resources  Minority  Biomedical  Support  Program  and  the  Short  Term 
Training  Program  (T35s) .   The  latter  is  authorized  as  National  Research  Service 
Awards. 

A  significant  accomplishment  during  FY  81  has  been  the  reorganization  of  the 
Administrative  Office  of  the  EAP.   It  is  now  staffed  with  three  full-time 
people  and  has  managed  to  clear-up  a  large  backlog  of  vouchers,  reports,  and 
other  administrative  requirements  long  overdue.   Further,  it  has  assumed  respon- 
sibility for  management  of  our  travel  funds  as  part  of  our  efforts  to  insure  the 
accomplishment  of  all  our  cluster  travel  requirements. 

The  Associate  Director  together  with  key  supervisory  personnel  in  the  cluster 
attended  a  Federal  Executive  Institute  program  on  Organizational  Development  and 
Multi-Team  Building.   The  group  was  enthusiastic  in  their  response  to  the  work- 
shop and  look  forward  to  putting  into  practice  some  of  the  techniques  learned. 

An  increasing  emphasis  is  being  felt  on  the  coordinating  function  for  this 
office.   Increasing  demands  from  the  Office  of  the  Director,  NIH,  the  Office  of 
the  Director,  NIADDK,  and  the  program  clusters  have  resulted  in  this  office  being 
used  as  a  focus  for  collecting  and  disseminating  information  to  and  from  the 
different  groups  with  whom  it  coordinates  Institute  functions. 

Two  problems  continue  to  affect  the  ability  of  this  office  and  the  EAP  to  respond 
effectively  to  Institute  needs.   Inadequate  staffing  continues  to  affect  our 
performance,  and  the  lack  of  space  is  a  severe  problem  resulting  in  overcrowding. 
In  some  cases  more  than  one  person  is  assigned  to  a  room  and  inadequate  facili- 
ties for  storage  of  records  and  essential  docimients  continues  to  be  a  problem. 
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Program  Evaluation  Branch 

The  Branch  provides  information  services  to  administrative  and  scientific 
officials  regarding  the  NIADDK  Programs,  particularly  the  extramural  programs. 
These  services  include  but  are  not  limited  to  analyses  and  evaluations  of 
ongoing  biomedical  research  programs  and  activities;  maintaining  a  computer- 
based  management  information  system  (MIS);  preparing  special  and  recurring 
reports  from  its  data  base  and  from  those  of  other  MIS's;  maintaining  the 
NIADDK  scientific  thesaurus  and  scientifically  indexing  grant  applications; 
assigning  appropriate  Program  Areas  to  new  grant  applications;  recording 
actions  of  the  NADDK  Advisory  Councils  and  preparing  the  approval 
reports  for  each  Council  meeting. 

This  year  we  assigned  2400  new  competing  grant  applications  to  the 

twenty  four  Program  Areas,  and  scientifically  coded  over  4800  applications. 

Requests  for  information,  based  on  the  scientific  coding,  represent  about  half 
the  total  special  requests  (currently  over  250)  answered  throughout  the 
year.     A  majority  of  these  requests  concern  grant  applications  where  NIADDK 
is  the  primary  Institute.  Therefore,  we  reduced  scientific  coding  of 
dually  assigned  grant  applications  from  a  possible  eight  codes  to  two 
codes  (primary  and  secondary),  in  each  of  the  four  axes.  Also,  progress 
reports  of  non-competing  grant  applications  are  scanned,  rather  than  read 
in  detail,  for  new  biomedical  information  and  discontinued  research  projects. 
If  new  directions  are  not  evident  and  no  project  has  ended,  the  scientific 
coding  of  the  previous  year  is  duplicated. 

Results  of  these  changes  in  coding  procedures,  for  the  413  duals  and  the 
1,962  non-competing  grants,  saved  over  240  man-hours  this  year. 

This  year,   as  in  the  past,  PEB  reported  and/or  coordinated  responses 
regarding  Institute  activities  for  several  trans-NIH  and  national  biomedical 
issues  within  the  mission  of  NIADDK. 

Examples  of  analyses  and  responses  carried  out  during  the  year  are 
summarized  below,  each  is  followed  by  the  staff  member's  name  who  was 
responsible  for  its  completion: 

-  The  Federal  Inventory  of  Population  Research,  1980 
This  annual  report,  of  the  NICHD,  lists  federally  supported  projects 
with  relevance  to  population  research  including  the  reproductive 
process,  contraceptives,  reproductive  behavior,  fertility,  sterility 
and  reproductive  endocrinology.  The  NIADDK  supported  65  projects 
in  this  field  for  a  total  of  6.5  million  dollars  (up  6  projects  and 
1.6  million  dollars  from  last  year)   of  these  projects,  60  were 
extramural  grants  and  contracts  for  5.2  million  dollars  and  5  were 
intramural  projects  for  1.3  million  dollars.  (Mr.  Robert  Petinga) 
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-  Primary  Disease  Prevention,  1980 

Is  a  report  of  NIH  projects  concerned  with  primary  prevention  of  disease 
or  injury.  We  followed  the  guidelines  from  the  OD,  NIH  and  used  the 
NIADDK  scientific  information  system  to  formulate  the  Institute's 
response.  More  than  2,000  projects  were  evaluated  and  161  designated 
as  primary  disease  prevention  research.  All  Institute  programs  are 
represented  in  the  161  projects  which  totaled  17.7  million  dollars. 
(Mr.  Robert  Petinga) 

-  NIH  Inventory  of  Clinical  Trials,  1980 

The  Inventory  has  not  been  requested  by  DRG  for  the  1980  clinical 
trials,  as  of  now  (6/30/81).  A  report  of  FY  1979  trials  with 
future  support  was  given  to  the  FMO,  allowing  him  to  project 
estimates  for  fiscal  years  1980,  1981  and  1982.  (Miss  Lois  Reed  & 
Mr.  Robert  Petinga) 

-  Alcohol  Abuse  and  Alcoholism,  1980 

The  NIADDK  projects,  related  to  this  recurring  annual  report  of 

research  on  alcohol  abuse  and  alcoholism,  were  identified  from 

the  fiscal  year  1980  scientific  reports  of  PEB.  Of  the  10  projects 

identified  with  an  estimated  level  of  support  of  0.4  million  dollars, 

9  are  research  grants  and  1  is  an  intramural  project. 

(Ms.  Linda  Stalvey) 

-  Marquis  Academic  Media,  1980 

PEB  coordinated  the  extramural  programs'  response  to  Marquis  Academic 
Media's  annual  request  for  funding  information.   In  previous  years 
funding  was  reported  by  cluster  in  some  instances,  and  program  area 
in  others.  To  synchronize  FY  80  reports  PEB: 

1)  defined  the  10  major  program  areas:  Arthritis,  Musculoskeletal 
Diseases,  Skin  Diseases,  Diabetes,  Endocrinology,  Metabolic 
Diseases,  Digestive  Diseases,  Nutrition,  Hematology  and  Kidney 
Diseases. 

2)  asked  program  directors  to  provide  a  written  description  of 
their  area  of  scientific  interest,  or  to  approve  last  year's 
description 

3)  used  PEB's  end  of  year  reports  to  provide  monies  spent  in  each 
category 

4)  defined  the  categories  as  follows: 

a)  Research:  includes  K's,  R's,  and  P's. 

b)  NRSA:   includes  F's  and  T's  (T35's  excluded) 

c)  Contracts  (N's) 

This  procedure  should  simplify  collecting  data  for  Marquis  Academic 
Media,   or  other  similar  organizations  wanting  this   information. 
(Ms.  Linda  Stalvey) 

-  Systemic  Lupus  Erythematosus   (SLE) 

Is  an   inventory  of  currently  active   (January  1981),  NIH  supported 
research,  whose  response  was  coordinated  by  NIADDK.    Both  CRISP  and 
each  B/I/D's  scientific  information  systems  were  used  as  data 
bases.     The  total   NIH  support  in  SLE  research  was  151    projects  for 
8.7  million  dollars.     NIADDK's  portion  was  80  projects  for  5.5 
million  dollars.      (Mr.   Robert  Petinga) 
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Benign  Prostatic  Hyperplasia  (BPH)  1979,  1980 

At  the  request  of  the  Associate  Director  of  the  KDUB  Cluster,  the 
possible  trans-NIH  support  of  BPH  for  FY's  1979  and  1980  was 
retrieved  from  both  the  CRISP  and  Institute  information  systems. 
The  results  of  our  analysis  of  the  abstracts  and  coding  terms  are 
displayed  below.  (Mr.  Cecil  Lee) 

Support  Of  BPH  Research 


Institutes 

1979 

1980 

NIADDK 

$671,146 

$766,907 

NIA 

40,263 

101,725 

NICHD 

45,791 

43,340 

NCI 



65,599 

Total    NIH 

$757,200 

$977,571 

Viral   Hepatitis,    1980 

Request  from  the  Hepatitis  Research  Director,  NIAID  for  the 
U.S.  -  Japan  Cooperative  Medical  Science  Program  for  NIADDK  support 
of  viral  hepatitis  research.  Totals  are  percent  of  viral  research 
times  the  total  dollars  for  each  project.  The  Institute  reported: 

8  Extramural  grants  for  $349,729 

3^  Intramural  projects  for  402,500 
Total  11  752,229 


The  Program  Analysis  (PA)  Section,  PEB  is  working  with  the  Digestive  Diseases 
Coordinating  Committee  (DDCC)  to  develop  a  system  for  tracking  digestive 
diseases  research  in  the  NIH  community  and  in  other  federal  agencies.  PA  is 
assisting  the  group  in  understanding  how  the  IMPAC,  CRISP  and  NIADDK  coding 
systems  operate  and  interact.  Also,  we  are  identifying  special  interest  areas 
in  the  Institute  and  throughout  NIH  that  are  not  easily  identified  in  current 
NIH  systems,  but  are  of  interest  to  many  private  and  government  groups.  The 
DDCC  is  meeting  regularly  and  we  should  have  a  digestive  diseases  tracking 
system  in  operation  by  the  end  of  the  fiscal  year.   (Mr.  Harry  Free) 

The  Branch  gave  two  presentations  to  the  NAMDD  Advisory  Council  at  their 
January,  1981  meeting. 

One  was  an  analysis  of  M.D.  and  Ph.D.  applicants  and  awardees  from  1970 
through  1980.  While  the  number  of  M.D.  trainees  remained  stable  the  number 
of  Ph.D.  trainees  increased.  This  same  trend  was  observed  for  regular 
research  grant  applicants,  especially  between  197-7  and  1980.  The  increase 
in  Ph.D.  applicants  did  not  affect  the  proportion  of  M.D.  vs  Ph.D.  awardees, 
which  remained  relatively  constant  from  1970  through  1980.  The  strength 
and  number  of  NIAMDD's  M.D.  researchers  was  in  contrast  to  the  NIH  trend, 
which  shows  a  decreasing  number  of  M.D.  awardees.   (Mr.  Robert  Petinga) 

The  second  presentation  summarized  the  10  year  history  of  foreign  funding 
by  the  NIAMDD  and  NIH,  of  traditional  research  grants  (ROl).  Table  I  gives 
the  percentage  of  foreign  awards  for  the  Institute  and  NIH.  Table  II  displays 
foreign  awards  by  Program  Area.  Table  III  reviews  foreign  funding  in  the 
U.S.  -  Japan  Program.  (Mr.  Larry  Greene  and  Miss  Lois  Reed) 
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Percentage  of  Foreign 

Awards 

Table  I 

(ROTs) 

NIAMDD  and 

NIH 

%   Forei 

qn  Numbers 

%   Foreign 

Dollars 

FY 

NIAI^DD 

NIH 

NIAMDD 

NIH 

1971 

0.9 

1.2 

0.7 

0.8 

1972 

1.1 

1.0 

0.7 

0.6 

1973 

1.0 

1.0 

0.7 

0.7 

1974 

0.7 

0.9 

0.5 

0.7 

1975 

0.9 

1.0 

0.6 

0.7 

1976 

0.6 

0.8 

0.5 

0.7 

1977 

1.0 

1.1 

0.7 

0.9 

1978 

1.2 

1.1 

1.0 

0.9 

1979 

1.4 

1.2 

1.3 

1.1 

1980 

1.5 

1.2 

1.3 

1.1 

Average 

1.0 

1.1 

0.8 

0.9 

FOREIGN  AWARDS  (ROTs) 

Table 

II 

Direct  Cost  Dollars  (In  Thousand: 

Ll 

by  Prog 

ram 

11 

KO 

HEM 

DD 

NUTR 

DIA 

ENDO 

META 

NIAMDD 

1971 

27 

56 

45 

18 

- 

63 

147 

356 

1972 

30 

45 

40 

15 

6 

65 

229 

430 

1973 

- 

85 

87 

14 

- 

58 

159 

403  (438)* 

1974 

- 

71 

18 

27 

- 

61 

154 

331  (365) 

1975 

- 

57 

114 

29 

- 

57 

180 

437  (473) 

1976 

- 

48 

116 

69 

- 

20 

221 

474 

1977 

25 

20 

30 

88 

139 

94 

236 

632 

1978 

23 

no 

54 

81 

473 

134 

146 

1021 

1979 

61 

77 

90 

47 

987 

131 

232 

1625 

1980 

120 

66 

89 

- 

1002 

80 

410 

1767  (1805) 

*  0  Include  the  few  foreign  awards  made  in  the  AMSD  Programs. 
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Table  III 


AI 


US  -  Japan  Program  (Foreign  Awards  Only) 
(Dollars  in  Thousands) 
AM 


FY 

NO. 

Dollars 

NO. 

Dollars 

1971 

-- 

-- 

(6) 

$  174 

1972 

(4) 

$ 

46 

(6) 

135 

1973 

(2) 

21 

(4) 

156 

1974 

(2) 

18 

(5) 

116 

1975 

(1) 

15 

(1) 

33 

1976 

(1) 

10 

(1) 

52 

1977 

(1) 

10 

(1) 

52 

1978 

— 

— 

(1) 

54 

1979 

-- 

-- 

(1) 

20 

1980 

(1) 

7 

— 

— 

HD 

NIH 

NO. 

Dollars 

NO. 

Dollars 

(2) 

$ 

42 

(8) 

$  216 

(3) 

87 

(13) 

268 

(2) 

57 

(8) 

234 

(2) 

54 

(9) 

188 

(1) 

22 

(3) 

70 

(1)  ' 

30 

(3) 

92 

-- 

-- 

(2) 

62 

-- 

— 

(1) 

54 

(1) 

80 

(2) 

100 

(1) 

71 

(2) 

78 

Total  (12; 


127 


(26; 


792 


(13; 


443 


51 


1,362 


The  Branch,  particularly  the  Information  Storage  and  Retrieval  Section, 
produced  several  special  reports  that  have  become  recurring. 

One  consists  of  summary  tabulations  of  the  Institute's  fiscal  year  grant 
obligations  produced  in  the  format  needed  by  the  Financial  Management 
Office. 

Another  major  report  is  a  year  to  date  report  of  competing  applications 
and  awards  in  priority  order  listing  cumulative  dollars.  This  report 
is  sorted  in  three  different  ways:  by  Institute,  by  major  program;  and 
by  cluster.   In  each  report,  regular  research  (POl,  ROl ,  R22,  R23)  is 
combined,  and  other  activities  are   listed  separately.  This  recurring 
report  is  now  produced  pre-  and  post-council,  and  at  the  end  of  the 
fiscal  year. 

Also,  PEB  is  working  with  staff  of  the  Diabetes  Mellitus  Coordinating 
Committees  to  more  fully  automate  the  input  of  their  categorical  codes, 
and  production  of  reports. 

PEB  continues  to  provide  information  services  to  Institute  staff  and 
others,  as  priorities  and  resources  allow.  We  are  pleased  with  the 
accomplishments  of  the  Branch  but  disappointed  that  lack  of  resources 
(particularly  personnel  and  space)  have  not  allowed  PEB  to  increase 
its  utilization  of  current  technological  advances  in  the  computer 
and  information  fields.  With  little  expectation  of  relief,  PEB's 
services  must  continue  near  present  levels  with  minimal  expansion 
in  identified  needed  directions. 
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CONTRACT  MANAGEMENT  BRANCH 


Over  a  dozen  competitive  procurement  actions  were  initiated  during  the  fiscal 
year.  Responses  to  our  formal  requests  for  proposals  ranged  from  two  or  three 
to  fifteen  or  more.  Offerors  who  submit  proposals  are  usually  well  informed 
about  the  regulations  concerning  competitive  range  negotiations;  and  are  also 
keenly  aware  of  debriefing  procedures  and  Freedom  of  Information  Act  prero- 
gatives. Seldom  is  an  award  now  made  without  being  challenged  by  several 
other  interested  third  parties. 

At  the  Departmental  level,  attention  is  focused  on  the  following  competitive 
and  scheduling  goals  to  insure  that: 

°  Competitive  awards  represent  at  least  53%  of  total  annual 
obligations;  and 

°  Fourth  quarter  awards  do  not  exceed  30%  of  total  annual 
obi igations. 

Administrative  closeout  of  expired  contracts  is  progressing  in  accordance 
with  the  Department's  mandates;  monitoring  continues  with  complex  quarterly 
closeout  reports.  Although  our  delinquency  list  of  overdue  final  reports 
has  shrunk,  prompt  submission  of  final  reports  by  all  contractors  has  not 
been  achieved. 

Another  key  negotiator  left  during  the  year  due  to  lack  of  promotional 
opportunity.  No  replacement  was  hired.  Instead,  the  remaining  staff  was 
reorganized.  As  a  result,  better  support  is  being  provided  to  the  most 
active  program  area.  A  secretary  is  still  needed;  having  one  would  help 
the  work  flow  and  yield  more  productive  time  to  other  staff  members. 

However,  adequate  accomodation  has  not  been  obtained  for  existing  employees. 

Office  productivity  has  been  improved  by  acquisition  of  a  Lexitron,  which 

helps  us  cope  with  constantly  evolving  "boilerplate"  and  other  fundamentally 
repetitive  operations. 

Direct  audit  activity  has  diminished  in  contrast  to  previous  years,  but  it 
is  evident  that  both  Congress  and  the  Department  retain  interest  in  the 
accountability  aspects  of  the  entire  procurement  process.  Therefore,  greater 
effort  has  been  made  to  meet  the  following  objectives: 

1.  Prevent  the  use  of  irresponsible  audit  techniques  by  outside 
review  teams; 

2.  Resolve  disputes  with  offerors  and  incumbent  contractors  in  a 
reasonable  time  frame; 

3.  Eliminate  communication  barriers  and  minimize  procurement 
policy  and  procedure  differences  with  program  personnel; 

4.  Improve  the  working  relationship  between  the  NIADDK  contract 
office  and  the  NIH  Board  of  Contract  Awards  (BCA). 
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In  regard  to  item  four  above,  the  threshold  for  BCA  pre-award  review  was 
raised  from  $150,000  to  $250,000.  This  long  overdue  action  alleviates  an 
aggravating  logistical  bottleneck.  A  parallel  threshold  is  needed  for 
noncompetitive  concurrence  and  approval  procedures. 

Training  of  Institute  project  officers  in  accord  with  HHS  requirements  has 
been  achieved;  no  temporary  waivers  were  forwarded  to  higher  echelon  for 
cojotersignat jre.  Each  negotiator  has  either  been  certified  at  an  appro- 
priate level  or  submitted  an  application  for  certification.  Although 
training  and/or  certification  requirements  are  in  a  state  of  flux,  a 
repetition  of  previous  deadl ine-type  approaches  is  not  expected. 

Socioeconomic  issues  -  especially  the  small  and  disadvantaged  subcontracting 
program  -  have  proven  cumbersome  to  negotiate  and  administer.  Although 
Public  Law  95-507  applies  only  to  awards  of  $500,000  or  more,  reporting 
requirements  are  onerous  to  contractors.  Therefore,  voluntary  compliance 
is  erratic.  Since  socioeconomic  goals  are  not  always  realistic  at  in- 
ception and  the  statistical  feedback  from  contractors  is  not  dependable, 
only  a  marginal  possibility  exists  that  they  can  all  be  met. 

Finally,  perhaps  the  foregoing  conveys  the  impression  that  contracting  has 
become  complicated.  It  has,  but  the  mechanism  is  not  expected  to  self- 
destruct.  We  are  therefore  committed  to  providing  more  insight  into  the 
procedural  aspects  to  Institute  Staff  who  are  involved.  To  this  end, 
conferences  were  held  with  each  Associate  Director  of  the  respective  clusters. 
More  meetings  are  encouraged  with  program  managers/project  officers  as 
circumstances  dictate.  Only  with  a  cooperative  effort  car\  lead  tine  be  cut, 
procurement  planning  be  effected,  competi ti ve/noncompetitive  balances  be 
maintained  and  award  dates  be  distributed  throughout  the  fiscal  year. 
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Grants  Management  Branch  Annual  Report 


This  year,  the  NIH  has  begun  to  implement  a  significant  improvement  in  the 
awarding  and  administration  of  research  grants  in  support  of  projects  that 
involve  multiple  B/I/D  interests.   The  concept  of  Co-Funding  has  been  dis- 
cussed for  several  years;  but  this  year  has  seen  the  first  actual  awards.   It 
appears  that  increasing  interest  in  trans  -  NIH  issues  has  brought  about  this 
change.   Grants  Management  across  the  NIH  has  provided  the  resources  necessary 
to  produce  the  implementing  documents.   So  far,  this  concept  has  been  used  to 
award  certain  Conference  grants  as  well  as  our  contribution  to  Minority  Bio- 
medical support  grants.   This  new  procedure  allows  several  B/I/D' s  to  contribute 
partial  funding  of  an  individual  award  through  the  use  of  separate  Common  Account- 
ing numbers  (CAN)  for  each  Institute  appearing  on  the  Notice  of  Grant  Award.   This  i 
accomplished  by  a  memo  detailing  the  agreement  of  all  parties  (within  NIH)  to  the 
level  of  funds  that  each  will  contribute  and  to  which  institute  will  administer  the 
award.   The  memo  includes  a  sign-off  by  Grants  Management  Officers  authorizing  the 
use  of  the  CAN  numbers  and  supporting  funds.   Each  such  Cofunded  award  gives  recog- 
inization  to  the  B/I/D' s  that  have  assisted  in  that  award. 

A  decision  announced  last  year  by  the  Office  of  Management  and  Budget  (0MB) 
is  now  beginning  to  have  significant  impact  on  our  ability  to  manage  our  awards. 
That  is,  we  can  no  longer  request  grantees  to  routinely  send  in  their  annual 
Reports  of  Expenditures  (ROE's)  shov^ing  budget  category  breakdo^'ms.   Previ- 
ously, we  could  compare  such  things  as  personnel  expenditures  with  personnel 
funds  awarded  and  equipment  expenditures  with  equipment  funds  awarded.   Initially 
grantee  institutions  continued  to  submit  categorical  ROE's.   However,  we  are 
now  receiving  less  than  50%  of  ROE's  showing  expenditures  by  direct  cost 
category.   Consequently,  we  are  rapidly  losing  our  ability  to  track  the  fiscal 
and  administrative  performance  of  our  grantees.   When  reviewing  requests  for 
approval  of  carryover  of  funds  or  of  administrative  increases,  it  is  becoming 
impossible  to  determine  the  history  of  how  a  given  grant  has  utilized  its  funds. 
Fortunately,  we  are  allowed,  in  special  cases,  to  request  the  categorical  break- 
down.  We  have  continued  to  exercise  this  option  for  our  major  center  (Arthritis 
and  Diabetes)  awards.   From  all  appearances,  grantee  computerized  accounting  sys- 
tem are  still  generating  their  own  reports  in  categorical  detail. 

The  struggle  over  the  NIH's  training  programs  (National  Research  Service  Awards 
-  NRSA)  has  continued  through  this  year.   Once  again,  forgetting  for  the  moment 
the  serious  impact  of  this  struggle  on  the  academic  community  and  on  trainees  and 
fellows,  an  extra  burden  has  been  put  on  the  Grants  Management  Branch.   This 
year  the  debate  raged  over  the  propriety  of  providing  institution  allowances  and 
indirect  cost  on  our  NRSA  awards.   At  one  point  our  allocation  of  operating 
funds  for  NRSA  was  reduced  by  an  amount  of  almost  7  million  dollars  to  eliminate 
those  portions  of  the  awards.   The  NIH  provided  interim  operating  instructions  de- 
tailing the  method  of  issuing  NRSA  awards  on  this  basis.   We  had  no  sooner  begun 
to  issue  these  altered  awards  when  it  became  clear  that  another  change  in  policy 
was  imminent.   Rather  than  continuing  to  issue  incomplete  awards,  we  placed  an 
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unofficial  "hold"  on  the  issuance  of  further  NRSA  awards.   While  this  eliminated 
the  double  work  of  having  to  revise  large  numbers  of  awards,  it  created  con- 
siderable havoc  in  our  attempt  to  realize  our  goal  of  the  timely  issuance  of 
awards. 

However,  a  positive  change  was  implemented  during  the  year  in  an  attempt  to  help 
resolve  our  problem  with  the  timely  issuance  of  competitive  awards.   Tiis  has  been 
a  problem  because  of  our  inability  to  consistently  issue  New  and  Competing  Ex- 
tension awards  for  their  scheduled  begin  dates,  especially  in  view  of  NIH's 
requirement  for  prospective  begin  dates  on  competing  awards.   Clearly,  some  of 
the  causes  of  this  problem,  such  as  being  on  a  continuing  resolution  or  being  with- 
out a  current  allocation  of  funds  to  program  areas  and  mechanisms  of  support,  are 
beyond  our  ability  to  control.   However,  in  spite  of  these  problems,  it  is  evident 
that  we  can  initiate  a  conservative  payment  of  applications  immediately  after 
Council  and  before  submission  of  formal  pay  plans  by  individual  program  areas. 
We  feel  confident  that  with  proper  discussion  of  this  earlier  processing  of  com- 
petitive awards  with  program  staff,  we  will  be  able  to  provide  more  timely  awards. 

As  usual,  our  major  concern  within  the  Grants  Management  Branch  is  with  our  most 
valuable  resource,  our  own  personnel.   It  cannot  be  stressed  too  much,  that  it 
has  only  been  through  the  diligent  and  dedicated  effort  of  our  staff,  that  we 
have  been  able  to  maintain  the  efficiency  of  the  awarding  process.   It  is  of  deep 
concern,  however,  that  this  efficiency  in  the  awarding  process  may  have  detracted 
from  the  recognition  of  our  role  in  the  post  award  management  of  grants.   It  is 
this  area  that  the  potential  exists  for  the  Institute  to  be  judged  deficient. 
Daring  the  year,  statistical  information  depicting  both  NIH  wide  grants  management | 
stiffing  patterns  and  award  patterns  became  available.   Comparislon  of  this 
Institute  with  other  institutes  provides  solid  evidence  that  proportionally, 
significantly  more  manpower  is  allocated  to  grants  management  functions  in  other 
institutes  than  in  the  NIADDK.   Given  this  distribution  of  manpower,  the  Grants 
Management  Branch  has  been  very  successful  in  the  awarding  of  our  inventory  of 
grants  and  in  the  execution  of  the  extramural  budget.   However,  in  the  current 
climate  of  "accountability"  within  government,  it  is  of  concern  that  the  Institute 
may  not  have  allocated  sufficient  resources  to  the  post  award  business  management 
of  our  granting  activities. 
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ANNUAL  REPORT  FXDR  FISCAL  1981 
REVIEW  UNIT,  EXTRAMURAL  ACTIVITIES  PROGRAM 
NATIONAL  INSTITUTE  OF  ARTHRITIS,  DIABETES  AND  DIGESTIVE  AND  KIDNEY  DISEASES 


The  Review  Unit  is  new  rsponsible  for  the  technical  merit  review  of 
applications  for  training  grants,  cooperative  clinical  studies,  clinical 
investigator  awards,  program  projects,  core  center  grants,  comprehensive 
center  grants,  and  cooperative  agreements. 

These  applications  reflect  the  broad  spectrum  of  NIH  activities  concentrated 
within  the  Review  Unit  for  the  specialized  program  efforts  of  the  broadly- 
based  four  disease-oriented  program  clusters  of  the  NIADDK.  More  than  50 
committees  were  required  to  undertake  the  technical  merit  evaluation  of 
the  proposals  for  this  fiscal  year. 

Although  the  total  number  of  applications  under  review  has  been  quite 
large  for  our  resources,  the  present  review  staff  has  been  able  to  provide 
quality  merit  reviews  through  use  of  the  flexibility  inherent  in  the  ad  hoc 
review  mechanism.  The  194  grant  proposals  in  Table  1  reflect  a  total 
request  by  applicants  of  167  million  dollars.  Evaluation  of  these  proposals 
by  our  consultants  resulted  in  recommendations  of  less  than  50  percent  of 
the  amount  requested  (77  million  dollars)  as  appropriate  in  making  funding 
decisions.   In  the  case  of  the  contract  proposals,  a  total  of  5.4  million 
dollars  was  requested.  Consultants  recommended  that  approximately 
50  percent  (3.6  million  dollars)  be  considered  appropriate  for  negotiations 
and  subsequent  funding  decisions. 


TABLE  1.   NUMBER  OF  PROPOSALS  REVIEWED  BY  REVIEW  UNIT  FOR  FY  1981 


COUNCIL 


Activity 

Code* 

Oct.  ' 

80 

Jan 

.  '81 

May  • 

81 

Total 

POl 

9 

9 

0 

18 

K08 

0 

13 

24 

37 

T32 

19 

17 

32 

68 

P30,  P60 

8 

2 

7 

17 

NOl 

25(5) 

2(2) 

10(3) 

37(10) 

Other 

TOTAL 

2 

4 

11 

17 

63 

47 

84 

194 

*P01  =  Program  Project 
T32  =  Institutional  Fellowship 
K08  =  Clinical  Investigator 


P30  =  Core  Center 

P60  =  Corrprehens  ive  Center 

NOl  =  Contract  Proposals  (RFPs) 


Two  standing  peer  review  groups  for  handling  manpower  and  research 
applications  have  been  proposed.  One  (AMRA)  has  been  formally  constituted 
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and  the  other  (AMRB)  is  in  progress.  A  request  for  establishment  by  charter 
is  contenplated  upon  conpletion  of  our  present  structuring  efforts.  The 
Special  Projects  Review  Committee  for  which  a  charter  had  been  requested  has 
been  approved.  This  committee  is  corrprised  of  three  sections  (subcommittees) 
and  formal  appointment  of  consultants  to  each  of  these  sections  is  in 
progress.  Section  A  is  essentially  in  place  and  functioning  for  the  review 
of  multipurpose  arthritis  centers.  Sections  B  and  C  are  in  the  process  of 
being  activated. 

The  Review  Unit  is  comprised  of  12  people,  including  six  professional 
members.   It  is  estimated  that  the  overall  workload  exceeds  our  resources  by 
30  percent.  The  readily  accessible  Savin  model  copy  machine,  flexible 
utilization  of  grants  technical  assistants,  and  the  willingness  of  staff  to 
cooperate  have  all  contributed  to  our  success  in  making  deadlines.  However, 
continuation  of  reviews  without  additional  staff  is  unlikely  to  provide 
increased  quality  of  reviews.  The  present  efforts  to  develop  additional 
standing  ccmmittees  will  further  strain  our  present  resources.  The 
magnitude  and  variability  of  the  workload,  the  constraints  of  time  imposed 
by  council  rounds  and  establishment  of  standing  committees  have  made 
critical  the  need  for  an  additional  grants  clerk.  Such  a  clerk  could  have  a 
significant  impact  upon  our  capability  to  meet  our  deadlines  by  being  a 
flexible  resource  to  be  assigned  temporarily  to  review  groups  for  extra 
assistance  to  meet  a  specific  crisis.  This  grants  clerk  also  would  be  able 
to  substitute  for  one  of  those  in  the  review  sections  should  illness  or 
change  in  errployment  occur.   Further,  such  a  substitution  needs  to  occur 
with  a  knowledgeable  grants  clerk  familiar  with  the  operation  of  the  Review 
Unit.  This  can  readily  be  accomplished  through  recruitment  at  a  GS-3  or  4 
level  for  a  clerk  typist  who  would  be  assigned  to  the  office  of  the  Chief  of 
the  Review  Unit  to  function  in  this  role,  and  to  also  assume  the 
responsibilities  of  timekeeper  or  disbursing  pay  check  agent.  The 
assumption  of  these  and  other  duties  by  this  grants  clerk  would  permit  a 
greater  role  to  be  played  by  the  grants  technical  assistant  presently  in 
this  office  for  assuring  quality  document  preparation  and  timely  document 
flow  by  the  grants  assistants  within  the  Review  Unit.  An  additional 
position  needs  to  be  allocated  to  the  Review  Unit  for  this  purpose. 

Although  training  outside  of  the  Review  Unit  is  available  and  staff  is 
encouraged  to  take  advantage  of  it,  the  workload  staff  ratio  inposes  severe 
constraints  upon  this  type  of  activity. 
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DIABETES,  ENDOCRINOLOGY,  AND  METABOLIC  DISEASES  CLUSTER 


OFFICE  OF  THE  ASSOCIATE  DIRECTOR 

The  Associate  Director  plans  and  directs  programs  of  research  grants  and 
contracts,  training  and  fellowship  awards,  and  special  programs  and  activities 
within  the  Diabetes,  Endocrinology,  and  Metabolic  Diseases  Cluster.  The 
Associate  Director  is  responsible  not  only  for  strengthening,  integrating,  and 
coordinating  activities  within  these  areas  but  also  for  developing  and  initia- 
ting new  programs  to  meet  the  needs  of  the  scientific  community. 

In  the  area  of  diabetes,  the  Associate  Director,  acting  through  the  NIH  Diabetes 
Coordinating  Committee,  has  primary  responsibility  for  the  management  of  all 
trans-NIH  activities  relating  to  diabetes  raellitus,  assuring  better  coordina- 
tion, a  sharper  focus  for  program  activity,  and  accountability  in  diabetes 
among  Institutes. 

The  Associate  Director  also  serves  as  Chairman  of  the  Inter-Agency  Diabetes 
Mellitus  Coordinating  Committee,  whose  membership  includes  representatives  from 
all  federal  agencies  with  an  interest  in  diabetes  mellitus.  He  plays  a  lead 
role  as  liaison  to  voluntary  health  groups  and  scientific  societies  concerned 
with  diabetes,  endocrinology,  and  metabolic  diseases.  Thus,  he  is  frequently 
and  intimately  involved  with  the  activities  of  such  groups  as  the  Arnerican 
Diabetes  Association,  the  Juvenile  Diabetes  Foundation,  the  Cystic  Fibrosis 
Foundation,  and  the  Endocrine  Society, 

The  Associate  Director  also  directs  special  activities  concerned  with  diabetes, 
endocrinology,  and  metabolism.  He  has  directed  the  development  of  a  plan  to 
study,  through  a  clinical  trial,  the  effect  of  strict  blood  glucose  control  on 
the  complications  of  diabetes.  A  Request  for  Applications  to  conduct  such  a 
study  under  the  Cooperative  Agreement  Mechanism  was  developed  and  issued  during 
this  year  as  was  a  Request  for  Proposals  for  a  Data  Coordinating  Center.  The 
study  will  begin  in  1981.  The  Associate  Director  participates  in  the  planning 
and  monitoring  of  the  Institute's  research  activities  in  the  Clinical  Research 
Center  at  the  Epidemiology  and  Field  Studies  Branch  in  Phoenix.  The  Associate 
Director  actively  works  toward  fostering  and  enhancing  more  and  better  NIADDK- 
grantee  institution-private  sector  relationships  through  frequent  meetings,  on 
site  visits  and  formal  and  informal  discussions. 

In  addition  to  his  programmatic  responsibilities  and  coordinating  activities, 
the  Associate  Director  carries  on  his  own  program  of  research.  His  laboratory 
is  investigating  the  relationship  between  diabetes  and  obesity  with  a  particular 
focus  on  the  adipose  cell  as  a  model  for  the  study  of  insulin's  regulation  of 
glucose  metabolism. 

DIABETES  PROGRAMS  BRANCH 

This  office  coordinates  the  activities  of  the  Diabetes  Research  Program, 
Diabetes  Centers  Program,  National  Diabetes  Data  Group,  National  Diabetes 
Information  Clearinghouse,  and  the  new  Clinical  Trial  Program.   In  addition,  it 
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provides  an  administrative  focus  for  liaison  regarding  training,  career,  and 
resource  development  activities  in  diabetes  and  related  areas  of  endocrinology 
and  metabolism.  It  also  coordinates  support  for  diabetes-related  awards  in 
other  NIADDK  programs  and  for  diabetes-related  workshops,  conferences,  and 
symposia  sponsored  by  the  Institute.  The  highlights  of  these  activities  are 
sa-nmarized,  as  appropriate,  in  the  following  sections  of  this  report.  Although 
n^t  detailed  below,  the  staff  of  the  Diabetes  Programs  Branch  also  serves  as  an 
infornation  resource  to  the  scientific  co:anunity,  lay  public,  and  other  federal, 
state,  and  private  organizations  with  respect  to  the  full  spectrum  of  national 
diabetes  research,  training,  and  information-transfer  activities.  In  addition, 
the  staff  also  participates  in  and  contributes  to  a  wide  variety  of  NIH-sponsored 
activities  which,  directly  or  indirectly,  support  the  continued  development 
of  expanded  scientific  capabilities  both  in  diabetes  and  other  areas  of  biomed- 
ical research. 

Diabetes  Research 

During  the  past  year,  progress  has  continued  in  a  wide  range  of  scientific 
disciplines  which  are  fundamental  to  research  on  diabetes  meLlitus  and  its 
complications.  These  studies  focus  primarily  on  defining  the  nature,  etiology, 
epidemiology,  and  pathogenesis  of  diabetes  and  its  complications  in  a  long  term 
effort  to  develop  improved  medical  capabilities  for  prevention,  diagnosis, 
treatment,  and  cure  of  this  disease.  Within  this  context,  some  areas  of  parti- 
cular research  interest  include  studies  involving  islet  cell  transplantation; 
insulin  delivery  systems;  the  epidemiology  of  diabetes  and  its  complications; 
the  biosynthesis,  secretion,  action,  interaction,  and  degradation  of  insulin 
and  other  related  hormones;  the  physiology  and  pathophysiology  of  pancreatic 
islet  cells;  abnormalities  of  carbohydrate,  lipid,  and  protein  metabolism 
associated  with  diabetes  and  its  complications;  the  possible  relationship 
between  various  genetic,  viral,  immunologic,  toxicologic,  and  nutritional 
parameters  and  the  etiology  of  diabetes  and  its  complications;  and  biobehavioral 
research  related  to  the  psychosocial  aspects  of  diabetes.  Recent  progress  in 
some  of  these  areas  is  summarized  below: 

Islet  Transplantation.  Transplants  of  islet  tissue  within  inbred  strains  of 
animals  have  been  shown  to  successfully  reverse  experimentally  induced  diabetes 
mellitus  and  to  prevent  or  reverse  early  diabetic  microvascular  complications. 
New  techniques  have  been  developed  which  can  prolong  the  survival  of  rat  islet 
allographs  across  major  histocompatability  barriers  by  procedures  which  do  not 
require  continued  administration  of  immunosuppressive  agents.  However,  in 
order  that  islet  cell  transplantation  can  be  successfully  evaluated  in  humans, 
it  will  be  necessary  to  further  define  the  mechanism  of  immune  rejection.  It 
has  been  shown  in  rats  that  had  received  successful  allographs,  that  rejection 
could  be  induced  by  injection  of  peritoneal  exudate  cells  from  the  original 
donor.  The  exudate  cells  that  cause  the  rejection  contained  more  than  50  per- 
cent macrophages  and  T-lymphocytes.  B  lymphocytes  do  not  induce  rejection  of 
established  allographs.  Identification  of  the  specific  types  of  lymphoid  cells 
required  for  the  induction  of  rejection  may  make  it  possible  to  utilize  specific 
antibodies  for  destruction  of  these  cells  in  the  islets  before  transplantation. 
These  studies  indicate  that  islet  cells  are  incapable  of  initiating  their  own 
rejection  yet  will  serve  as  a  target  for  an  established  immune  response.  This 
suggests  that  certain  components  of  the  major  histocompatibility  complex  may 
not  be  expressed  in  islet  cells.  In  this  regard,  recent  studies  have  shown 
that  islets  cells  from  three  different  mouse  strains  express  products  of  the 
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H-2K  and  H-2D  loci  but  do  not  express  I  region  (la)  antigens.  These  findings 
could  explain  why  the  established  allographs  do  not  stimulate  their  o\vm 
rejection  (lack  of  the  la  antigen)  and  why  the  cells  can  be  recognized  targets 
(presence  of  H-2K  and  H-2D  antigens)  when  immune  recognition  is  initiated  by 
donor  lymphocyte  cells. 

Insulin  Delivery  Syste-ns.  D-ariag  the  past  year,  the  Program  coatinued  to 
.support  Che  de''slop-aent  .'aad  e^'-^.lirat ion  of  both  portable  and  inplantHile 
'automated  insulin  delivery  systems  for  use  in  biomedical  research.  Recent 
progress  in  this  area  has  been  encouraging,  and  suggests  that  such  devices  may 
offer  the  potential  for  improving  the  control  of  blood  glucose  in  insulin 
dependent  diabetes  during  the  course  of  long-terra  outpatient  studies.  For  this 
reason,  it  is  now  anticipated  that  open-loop  insulin  delivery  systems  \d.ll  be 
used  in  the  Program's  recently-announced  multicenter  clinical  trial  to  assess 
the  relationship  between  blood  glucose  control  and  prevention,  arrest,  or 
amelioration  of  the  early  vascular  complications  of  diabetes. 

As  suggested  above,  it  appears  that  the  Program's  contracts  for  the  development 
and  refinement  of  automated  insulin  delivery  systems  will  soon  meet  their  stated 
goals,  and  that  a  new  generation  of  reasonably  sophisticated  open-loop  devices 
will  soon  be  a  reality.  Although  none  of  thes'3  systems  will  represent  the 
ultimate  that  modern  technology  could  provide,  it  is  anticipated  that  they  '.d.11 
be  adequate  to  assess  whether  or  not  further  refinement  might  be  appropriate. 
In  addition,  new  developments  in  tlie  private  sector  now  suggest  that  a  variety 
of  automated  insulin  delivery  systems  will  be  marketed  and  made  available  in 
the  not-too-distant  future.  For  these  and  related  reasons,  the  Program's 
contract  support  cor  the  d'ivelonnent  of  new  open-loop  insulin  delivery  syst  :-s 
will  be  pha3.Bd  out  o"er  the  m-:t  several  years  as  the  projects  ^jhich  ai":  n^.w 
underway  each  move  to  completLon.  'nevertheless,  support  for  new  studies  in 
this  area  will  remain  available  under  the  investigator-initiated  research 
grant  mechanism. 

Hormone  Action.  In  past  annual  reports,  reference  has  been  made  to  various 
Tt'iidte's'  on  the"  mechanism  of  insulin  action.  It  is  now  known  that  insulin  reacts 
with  cell  surface  receptors  and  that  the  insulin-receptor  complex  is  somehow 
intarnalized  resulting  in  the  association  of  insulin  and  intracellular  parti- 
cles. Several  enzymes  are  regulated  by  insulin  in  this  process.  The  activities 
of  the  enzymes  in  some  cases  involve  phosphorylation  and  de-phosphorylation 
reactions.  Various  candidates  have  been  proposed  for  mediating  the  effects  of 
insulin  and  evidence  has  accumulated  for  a  "mediator"  substance  which  has  been 
reported  previously  as  acting  in  two  systems  and  which  was  involved  in  the 
activation  of  glycogen  synthase  phosphotase  and  pyruvic  dehydrogenase.  Recently 
a  cell-free  system  has  been  developed  using  plasma  membrane  and  mitochondria 
from  rat  adipocytes  in  which  insulin  acts  to  decrease  phosphorylation  of  the 
mitochondrial  enzyme  pyruvate  dehydrogenase  which  results  in  increasing  its 
activity.  The  mechanism  of  action  involves  a  "mediator"  substance.  Tnis  same 
cell-free  system  has  been  used  to  demonstrate  another  step  in  the  action  of 
insulin  subsequent  to  its  binding.  Activation  of  a  membrane  protease  which  is 
stimulated  by  the  binding  of  insulin  and  results  in  the  production  of  a  soluble 
factor  (mediator)  that  eventually  stimulates  the  pyruvate  dehydrogenase  activity 
when  added  to  mitochondria.  Concanavalin  A  or  antibody  to  the  receptor  can 
mimic  the  ability  of  insulin  to  activate  pyruvate  dehydrogenase.  Recent 
evidence  also  suggests  the  presence  of  an  anti-mediator  in  the  cell. 


The  activation  of  glycogen  synthase  by  insulin  has  also  been  demonstrated  in 
human  skin  fibroblasts,  a  system  which  could  offer  the  potential  of  a  genetic 
marker    for   the   diabetic    state. 

A  primary  effect  of  insulin  on  adipose  and  muscle  cell  function  is  the 
stimulation  of  glucose  transport  activity.  Kinetic  studies  support  the  concept 
t'r.ac  insulin  stu^ul.iCes  transport  by  incr=iasing  the  rnaximm  ^-elocity  of  the 
ti'ii^piTt  J-/ '■"-ti.  'lo.s-'.'.'er ,  an  effact  ■>'  tnsilln  o\  th.i  -;ohilit;y  ^f  i  fix.^.i 
nuaber  of  transport  systems  versus  aa  effect  on  the  number  of  these  syst<jm3 
cannot  be  distinguished  by  this  type  of  study.  Recent  studies  measuring  the 
binding  of  [ -^H]  cytochalasin  B  to  the  plasma  membrane-rich  and  microsorae-rich 
preparations  of  adipocytes  in  the  presence  and  absence  of  high  concentrations 
of  D-glucose  by  one  group  and  the  solubilization  of  glucose  transport  activity, 
reconstituted  and  placed  in  egg  lecithin  liposomes  in  order  to  measure  D-glucose 
uptake,  by  another  group,  indicate  that,  insulin  stimulates  glucose  transport 
in   intact    cells,    primarily  by   increasing    the   number   of    these    systems. 

Insulin  resistance  is  a  characteristic  feature  of  both  obesity  and  non-lnsulln- 
dependent  diabetas  mellitus.  The  resistance  can  r>isult  from  either  an  abnoraal 
beta  cell  secretory  product,  circulating  insulin  antagonists  or  target  tissues 
with  defects  in  insulin  action.  Present  evidence  suggests  that  insulin 
initially  binds  to  surface  receptors,  forming  an  insulin-receptor  complex  which 
is  processed  in  some  way  and  internalized.  Subsequently  the  insulin  is  degraded, 
probably  after  associating  with  lysosomes.  Recent  studies  from  one  group  sug- 
gest that  lysosomal  function  is  necessary  to  mediate  any  subsequent  degradation 
of  internalized  receptor  and  that  without  this  degradation,  receptors  may  be 
recy.-.led.  .Another  group,  bas-.id  on  th^Lr  recent  w-Mrk,  su^jest  that  lns!r..ii 
r-ic^pt-irs  may  bo  abl2  to  shuttle  back  and  forth  biitwoen  pLasna  nembrane  .nd 
intracellular  sites  of  insulin  degradation  without  loss  of  receptor  caused  by 
receptor-mediated    insuLtn   degradation. 

Hormone_  Synthesis.  The  synthesis  of  hormones  using  recombinant  DNA  techniques 
is  still  an  active  research  area  of  interest.  New  insight  into  the  evolutionary 
clock  has  recently  been  provided  by  using  recombinant  DNA  techniques  to  study 
the  molecular  basis  for  the  biosynthesis  of  two  rat  preproinsulins  as  well  as 
chicken  proproinsulin.  Researchers  found  two  non-allelic  genes  In  the  rat  that 
differed  by  having  one  (Rat  gene  I)  or  two  (Rat  gene  II)  intervening  sequences 
(introas).  They  examined  the  chicken  preproinsulin  gene  and  found  that  the  gene 
was  present  in  only  one  copy  and  contains  two  introns  similar  to  the  rat  gene  II. 
They  concluded  that  introns  can  be  lost  during  evolution  and  that  they  must  play 
a  role  in  the  assembly  of  genes.  The  molecular  analysis  of  the  preproinsulin 
genes  in  normal  and  diabetic  animals  could  contribute  important  background 
information  on   the   pancreatic   B-cell  dysfunction. 

The  human  insulin  gene  was  sequenced  and  was  also  found  to  be  similar  to  the 
rat  gene  II.  Evidence  is  also  emerging  that  there  are  two  alleles  of  a  single 
insulin  gene.  Allelic  differences  have  been  observed  in  the  3'-untranslated 
region  of  the  human  insulin  mRNA  and  it  has  been  suggested  that  this  is  a  form 
of    polymorphism   which   could   affect    insulin   biosynthesis. 

A  hyperinsulinemic  patient  was  recently  identified  who  responded  normally  to 
exogenous  insulin.  The  insulin  from  the  patients'  serum  had  lower  than  normal 
binding  and  biological  activity.  A  piece  of  the  patients'  pancreas  was  obtained 
during   exploratory  surgery   and    the    insulin  contained    In    the  beta  cells  was    found 


to  be  a  mixture  of  a  normal  and  a  variant  insulin  which  contained  a  leucine  for 
phenylalanine  substitution  at  position  B24  or  B25.  Tnis  was  taken  as  evidence 
for  codorainant  expression  of  2  allelic  genes  in  the  heterozygous  state.  Further 
studies  separated  the  patients  two  insulins  into  one  with  normal  activity  and 
one  with  low  activity  which  in  turn  antagonized  the  action  of  the  normal  insulin. 
Somatostatin,  a  tetradecapeptide  originally  isolated  from  the  hypothalamus  and 
Sibsoquently  located  in  tha  pincr^a.ic  islet  D  cell,  has  bean  suggested  as  a 
Incdl  regulator  or  insuiLn  and  glucagon  se<;retion  and  nay  be  involved  in  the 
pathogenesis  of  diabetes.  Most  of  the  studies  to  date  have  been  performed  on 
the  fourteen  amino  acid  peptide  originally  isolated,  but  recently  investigators 
have  isolated  a  longer  twenty-eight  amino  acid  somatostatin.  This  peptide  is 
ten  times  more  active  than  the  smaller  peptide  and  the  suggestion  is  that  this 
is  the  "real"  somatostatin  and  that  the  fourteen  amino  acid  peptide  is  a  degra- 
dation product  of  this  compound. 

Diabetogenic  Agents.  A  recent  study  looked  at  the  effects  of  the  oral 
sulfonylurea  agent  glyburide  to  modulate  insulin  receptors  on  non-transformed 
h-xnan  fibroblasts  in  culture.  Insulin  can  induce  a  considerable  loss  of  insulin 
receptors  in  these  cells.  However,  v/hen  the  process  of  insulin-induced  recep- 
tor loss  or  dovm  regulation  was  studied  in  the  presence  of  glyburide,  the  drug 
inhibited  the  insulin-induced  receptor  loss  in  a  dose  dependent  fashion.  l-Taea 
glyburide  was  added  to  the  fibroblasts  in  culture,  a  dose  dependent  increase  in 
the  number  of  cell  surface  receptors  was  observed.  These  studies  demonstrate 
a  direct  in  vitro  effect  of  the  oral  hypoglycemic  agent  to  increase  the  number 
of  cell  surface  insulin  receptors  and  prevent  the  loss  in  the  presence  of  excess 
insulin.  This  helps  to  explain  the  well-known  extra  pancreatic  effect  of  tn.e 
sulfonylurea  agents  in  improving  insulin-mediated  glucose  metabolism. 

Another  oral  hypoglycemic  drug,  pirogliride  has  recently  been  shoim  to  accel- 
erate glucose  usage  and  insulin  secretion  by  the  pancreatic  islets.  Tiiis  drug 
could  be  useful  in  probing  the  underlying  mechanism  of  stimulation  of  insulin 
secretion  and  also  as  a  therapeutic  agent  for  those  diabetics  who  have  impaired 
B  cell  responsiveness. 

Complications.  The  kidney  is  a  target  for  the  secondary  microvascular  ctjmpli- 
cations  of  diabetes.  Evidence  seems  to  suggest  that  altered  microvascular 
hemodynamics  caused  by  the  diabetic  state  contribute  to  glomerular  pathology 
in  some  unknown  way.  The  glomerular  pathology  includes  glomerular  basement 
membrane  thickening  and  mesangial  thickening.  There  is  evidence  that  the 
mesangial  thickening  is  reversible  by  ameliorating  the  diabetic  symptoms  but 
that  the  glomerular  basement  membrane  thickening  is  not.  It  is  estimated  that 
50%  of  children  with  IDDM  will  develop  renal  failure  within  an  average  of  20 
years  after  onset.  After  a  hiatus  of  several  years,  pancreas/islet  cell  trans- 
plantation is  being  explored  again  for  the  diabetic  uremic  patient.  Initial 
results  of  partial  pancreas  transplantation  in  patients  stabilized  for  one  or 
two  years  by  successful  renal  transplantation  seem  promising. 

Improved  understanding  of  the  pathogenesis  of  diabetes  could  contribute  to  the 
amelioration  or  prevention  of  these  complications.  In  order  to  stimulate 
additional  interest  in  this  important  area  of  research,  the  NIADDK  recently 
issued  a  Program  Announcement  soliciting  research  grant  applications  which 
propose  studies  of  the  kidney  related  to  diabetes  mellitus. 


Immunological  Factor  and  Genetics.  Results  of  various  studies  are  beginning 
To  unravel  the  i-nmunogenicity  of  pancreatic  islets.  Monoclonal  antibodies, 
advances  in  purification  of  membrane  components  and  a  better  understanding  of 
the  immune  system  should  combine  to  permit  elucidation  of  the  role  of  altera- 
tions in  immune  response  in  the  genesis  of  insulin-dependent  diabetes  mellitus 
(IDD'l).  Early  experiments  in  animal  models  suggest  that  it  may  be  possible  to 
design  Ln-^un?  viterventions  to  arrest  the  pr^oess  in  the  oarly  d'ivslop-iant  if 
IDD'l  and  thus  sustain  do.ne  pancreatic  islet  faa:tion. 

In  the  past  decade  it  has  become  apparent  that  the  immune  response  is  precisely 
regulated  and  the  regulation  operates  at  several  levels.  Tliis  regulation  is 
very  complex  and  involves  the  products  of  a  linked  set  of  genes  that  determine 
the  structure  of  the  major  transplantation  or  histocompatibility  antigens  (HLA 
antigens).  The  antigens  are  found  on  all  nucleated  cells  and  platelets.  Sus- 
ceptibility to  various  diseases  has  been  found  to  be  associated  with  them, 
particularly  at  the  HLA  -  A,  B  or  D  locus.  The  mechanisms  of  that  association 
are  unknown.  In  order  to  stimulate  interest  in  this  area,  to  review  the 
available  science  data  base  and  to  allow  for  interaction  between  diabetologists 
and  imnunologists ,  the  N'lADDK  in  conjunction  with  N'lAID  and  NIDR  sponsored  a 
workshop  in  November  1930  on  the  Initial  Lesion  of  IDKI.  After  reviewing  and 
discussing  all  of  the  available  data,  the  following  future  needs  were  Ldentified: 

1.  more  standardized  epidemiologic  data  in  the  U.S.,  including  incidence 
and  prevalence  of  IDDM; 

2.  pooling  of  data  in  the  U.S.  relative  to  HLA  typing,  possibly  requiring 
a  c.entralLzed  facility; 

3.  stand  irdizat  Ion  of  tasti/ig  for  islet  cell  antibodies  (ICA's)  and  islet 
cell  surface  antibodies  ( ICSA' s)  and  assessment  of  their  roles  in  the 
pathogenesis; 

4.  better  morphologic  data  to  characterize  the  nature  of  the  round  cell 
invasion  of  the  islets; 

5.  need  for  microcytotoxic  assays  to  follow  the  levels  of  cellular  and 
circulating  immune  responses  to  the  B-cells;  and 

6.  a  clearer  image  of  the  present  natural  history  of  diabetes  using  current 
therapeutic  principles  and  methods  to  determine  the  cost/effectiveness/ 
benefit  of  any  proposed  intervention. 

Recent  investigations  have  shown  that  genetically  obese  (Ob)  mice  have  improved 
metabolic  efficiency.  These  mutant  mice  gain  more  weight  on  the  same  amount  of 
food  than  do  normal  mice,  and  upon  fasting  are  able  to  utilize  their  stored 
resources  in  a  more  efficient  fashion.  When  gaining  weight,  Ob  mice  store  most 
of  their  reserves  as  fat.  On  fasting,  Ob  mice  survive  5-S  times  longer  than 
normal  mice  and  analyses  have  sho^m  that  they  are  capable  of  utilizing  all  their 
stored  reserves  to  prolong  survival. 

In  vitro  experiments  have  sho^m  that  acetone,  normally  an  end  product  of  lipid 
degradation,  can  be  converted  to  lactate  in  mice  through  a  sequence  of  as  yet 
undefined  steps.  Lactose  in  turn  can  be  converted  to  glucose  '^ich  can  fuel 
necessary  metabolic  activities.   This  recycling  of  potential  waste  products  may 


permit  the  complete  utilization  of  fat  stores  and  greater  survival  time  during 
fasting.  This  "thrifty"  mutation  may  provide  a  selective  advantage  during 
times  of  food  deprivation.  However,  in  times  of  stabilized  food  sources,  this 
"thrif tiness"  becomes  deleterious,  as  over-eating  and  obesity  strain  the  Insulin 
synthesizing  capacity  of  the  B  cells  of  the  islets. 

CK_n_i_--_al_  Jjj^ -Lji'l.X^!iL\iEL"l^_'i?.l'l4.^^ L-5iL^^_L°-L  ^ le  1 1  i t u s 

Within  the  last  year,  plans  have  been  formulated  for  a  multicenter  randomized 
clinical  trial  to  assess  the  relationship  between  blood  glucose  control  and 
the  early  vascular  complications  of  insulin-dependent  diabetes  control  and 
mellltus.  In  early  1981,  a  Request  for  Research  Cooperative  Agreement  Applica- 
tions (RFA  NIA.MDD  81-01)  and  a  Request  for  Proposals  (RFP  NIAMDD  81-9)  were 
issued  to  identify,  respectively,  clinical  centers  and  a  data  coordinating 
center  interested  in  participating  in  such  a  trial.  Several  hundred  requests 
for  the  RFA  and  RFP  were  received.  Sixty-six  responses  to  the  RFA  and  14 
responses  to  the  RFP  were  submitted,  and  these  are  currently  undergoing  peer 
review.  It  is  anticipated  that  approxiinately  twenty  clinical  centers  and  one 
data  coordinating  center  ivTill  be  selected  for  participation.  They  '.<ri.ll  be 
activated  by  December  1,  1981. 

The  overall  objective  of  this  clinical  trial  is  to  determine  whether  and  to 
what  extent  tight  control  of  blood  glucose  (intensive  therapy)  is  effective  in 
preventing  or  ameliorating  the  early  vascular  complications  of  this  disease. 
Much  of  the  framework  for  this  trial  has  been  developed  around  the  recommenda- 
tions of  the  ad  hoc  consultant  ;jrrjap  noted  in  last  year's  Annual  Report.  It 
un'-i  specifically  recorrL-nended  by  tb.i.-?  expert  group  that  participants  between  the 
age.T  of  10  -  23  with  Lnsulln-depandent  diabetes  of  less  than  10  years'  duration 
be  randomly  assigned  to  either  an  Intensive  or  a  conventional  therapeiitic 
regimen,  that  the  intensive  reginen  utilize  the  recently  developed  technologies 
for  blood  gulcose  control  such  as  automated  insulin  delivery  systems  and 
instruments  for  home  blood  glucose  monitoring,  and  that  the  occurrence  of 
selected  pathologic  complications  in  the  two  groups  be  compared  with  particular 
attention  directed  to  retinal  changes.  These  recommendations  have  been  used 
as  the  structural  bases  in  developing  plans  for  this  trial. 

It  is  anticipated  that  the  trial  will  consist  of  four  sequential  phases 
(planning,  limited  feasibility  testing,  full-scale  clinical  trial,  and  data 
analysis/reporting).  A  complete  evaluation  of  the  experience  and  results  of 
each  phase  will  be  performed  prior  to  intiating  the  next  scheduled  phase  to 
determine  whether  it  will  be  implemented  and  how  it  is  to  be  undertaken.  A 
Policy  and  Procedures  Advisory  Group  of  expert  consultants  v;ho  are  both  inde- 
pendent of  the  trial  and  external  to  the  Institute  will  continually  review  all 
actions  which  affect  the  broad  organizational,  operational,  ethical,  and  design 
features  of  the  trial.  Approval  by  this  group  ;<d.ll  be  required  for  proceeding 
with  the  initiation  of  each  new  phase. 

A  unique  feature  of  this  clinical  trial  is  the  use  of  the  Cooperative  Agreement 
Grant  as  the  funding  mechanism.  Use  of  this  instrament  was  approved  by  the 
Director,  NIH,  and  the  Assistant  Secretary  for  Health,  DHHS,  and  represents  the 
first  Departmental  authorization  to  utilize  this  new  funding  mechanism  for  a 
research  program  of  this  nature.  The  Cooperative  Agreement  Grant  allows  the 
greater  administrative  flexibility  that  is  needed  for  efficient  management  of 
this  study  and  enables  the  participation  of  program  staff  as  a  full  partner 
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with  che  grantees  in  all  aspects  of  the  trial.  However,  the  lack  of  detailed 
guidelines  for  this  new  partnership  role  by  staff  has  presented  some  problems, 
and  resolution  of  many  of  these  issues  has  required,  and  will  continue  to 
require,  active  dialogue  between  various  components  of  NIH  and  Institute  staff. 
Despite  these  problems,  it  is  clear  that  use  of  the  Cooperative  Agreement  Grant 
is  the  nost  effective  funding  instrament  to  accomplish  the  specific  goals  of  a 
stiudy  of  c'.iis  type. 

A  major  unresolved  probiem  associated  with  this  new  initiative  is  the  need  for 
stability  of  funding.  This  trial  addresses  a  critical  clinical  issue  in 
diabetes  which  can  only  be  resolved  through  a  controlled  clinical  trial.  The 
nature  of  this  type  of  study  requires  both  long-range  planning  and  a  long-term 
commitment  of  support  by  the  Institute.  Given  the  nature  of  the  annual  budget 
process,  this  may  present  difficulties,  and  the  success  of  this  undertaking  is 
dependent  on  overcoming  this  obstacle. 

Diabetes  Centers  Program 

Background.  This  prograiti  provides  support  for  both  Diabetes-Endocrinology 
R^rseTn-~h~Centers  (DERC)  and  Diabetes  Research  and  Training  Centers  ( DRTC) .  The 
primary  requirement  for  establisfment  of  either  a  DERC  or  a  DR.TC  is  a  strong 
base  of  high-quality,  ongoing  biomedical  research.  DRTCs  have,  in  addition  to 
a  research  component,  a  training/information  transfer  component  which  includes 
training  of  both  medical  and  allied  health  professionals,  continuing  education, 
model  demonstration,  and  outreach  activities.  For  both  types  of  centers,  the 
grant  provides  for  core  facilities  (shared  resources),  pilot  and  feasibility 
studi.?3  (new  initiatives),  i-.d  Linl-ei  fund.^  f^jr  pr  jv;rd;n  enrichment.  Thi.i 
fv-.iiding  is  intended  to  s::renjtaon  ^exlstin^  programs,  increase  produ;tivity ,  .lad 
foster  the  generation  of  new  ideas  and  innovative  research  approaches. 

l.'hile  the  emphasis  in  the  DI£RC  is  focused  primarily  on  biomedical  research,  the 
fundamental  objectives  of  the  DRTC  are  broader,  and  include  the  creation  of  an 
environment  which  fosters  and  integrates  the  efforts  of  basic  and  clinical 
scientists,  physicians,  allied  health  personnel,  and  educators  joined  together 
in  a  cooperative,  multidisciplinary  approach  to  the  many  research  and  health 
care  problems  associated  with  diabetes  and  its  complications.  Therefore,  the 
DRTC  program  represents  not  only  a  concerted  effort  to  achieve  a  better  under- 
standing of  diabetes  through  biomedical  research,  but  also  to  improve  the 
delivery  of  health  care  to  the  diabetic  patient  through  training  and  continuing 
education  programs.  .Although  each  center  is  expected  to  develop  its  own  inde- 
pendent program  in  accordance  with  local  needs,  interests,  and  resources,  each 
is  also  expected  to  be  responsive  to  national  needs,  and  must  be  willing  to  work 
cooperatively  with  the  NIADDK  and,  in  the  case  of  DRTCs,  with  other  federally- 
supported  diabetes  programs. 

To  provide  a  forum  for  interaction  among  the  centers,  the  NLADDK  sponsors  an 
annual  center  meeting  in  June  of  each  year,  in  conjunction  with  the  national 
meeting  of  the  American  Diabetes  Association.  Participants  include  investiga- 
tors from  the  centers,  the  MIADDK  staff,  and  representatives  from  other  Federal 
agencies  with  diabetes  programs  which  interface  wit'n  center  activities.  These 
meetings  often  lead  to  new  ideas  or  avenues  of  approach  for  cooperation  and 
collaboration  which  can  be  explored  subsequently  by  smaller  groups  throughout 
the  following  year. 


Presently  Funded  Centers.  During  the  past  year,  the  program  provided  support 
for  3  DERCs  and  8  DRTCs  as  follows :  Diabetes  Endocrinology  Research  Centers — 
University  of  Pennsylvania  (Philadelphia),  University  of  Washington  (Seattle), 
University  of  Iowa  City  (Iowa  City);  Diabetes  Research  and  Training  Centers — 
Albert  Einstein  College  of  Medicine  (Bronx),  Indiana  University  (Indianapolis), 
University  of  Michigan  (Ann  Arbor),  Washington  University*  (St.  Louis),  Univer- 
sity of  Cni<~.agO"  (Chi<~,ago),  Joslin  Diabetes  Foundation,  Inc.  (Boscoa),  Vande- 
I."'^il^.  Uii'.irsity*  ('"/^srr/lLle)  ,  Uii^'erslty  of  VirgLaid''  ( Cli.arlo;:t3svlll-;)  . 

A  mechanism  of  support  has  also  been  developed  which  allows  DERCs  the  opportun- 
ity to  become  DRTCs.  A  DERC  may  apply  for  a  modest  exploratory  grant  to  develop 
the  resources  necessary  for  initiation  of  DRTC  training  and  information  transfer 
activities. 

Research  Activities  at  the  Centers.  The  vast  majority  of  funding  of  research  at 
the  centers  comes  from  NIH  ROl  and  POl  (or  equivalent)  grants  to  center 
investigators.  However,  the  concept  of  shared  biomedical  resources  provided  by 
the  center  funding  allows  for  enhanced  productivity  and  increased  multidisci- 
plinary  efforts.   Tlie  following  exaniples  may  serve  to  Illustrate  this  point. 

At  the  Washington  University,  St.  Louis,  DRTC  a  variety  of  studies  related  to 
transplantation  of  paa.:reati<;  islet  cells  are  in  progress  in  several  laborator- 
ies from  various  sections  of  the  medical  school  representing  different  disci- 
plines. Diiring  the  past  several  years,  center  participants  have  developed 
and  refined  techniques  to  permit  successful  islet  transplants  between  animals 
of  different  genetic  strains.  Work  is  being  continued  on  these  studies  '•■^hich 
have  potentially  i.np-'>r-tant  implications  for  the  future  of  islet  cell  transplan- 
tation in  hunan  diabetas.  Three  separate  DRTC  core  L.ic  ill  ties ,  Rad  lo  iin.-.uiao.-issay 
Morphology,  and  Tissue  Culture,  have  contributed  significantly  to  this  vrork. 

•Another  exaaiple  of  the  multidisciplinary  approach  comes  from  the  University  of 
Oiicago  where  center  participants  from  several  basic  and  clinical  science 
laboratories  have  been  investigating  the  structure  and  function  of  the  pancrea- 
tic hormones,  insulin  and  glucagon.  These  investigators  have  continued  their 
studies  on  an  abnormal  insulin  from  a  patient  with  diabetes  caused  by  a  mutation 
in  the  insulin  gene.  During  the  past  year,  the  structure  and  other  chaca.; teris- 
tics  of  this  abnormal  insulin  have  been  elucidated.  This  variant  insulin  not 
only  is  unable  to  act  normally  to  regulate  the  body's  metabolism  of  glucose, 
but  also  interferes  with  the  action  of  noraal  insulin.  This  research, 
resulting  from  the  collaborative  efforts  of  several  researchers,  represents  the 
discovery  of  a  new  cause  of  diabetes  in  man,  and  contributes  significantly  to 
our  understanding  of  diabetes.  Three  core  resources  supported  by  the  DRTC  were 
utilized  in  this  study:  Islet  and  Cell  Isolation  and  Culture,  Peptide 
Purification  and  Structural  Analysis,  and  Radioimmunoassay. 

Pilot  and  feasibility  studies  are  another  aspect  of  the  research  exponent  of 
centers.  Tlie  center  awards  provide  modest  support  for  three  years  or  less  to 
allow  researchers  to  explore  the  feasibility  of  a  concept  and  collect  suffi- 
cient data  to  apply  for  independent  funding.  Tnis  mechanism  provides  a  unique 
opportunity  not'  only  for  testing  new  ideas,  but  also  for  young  investigators 
and  established  investigators  in  other  disciplines  to  apply  their  expertise  in 
the  areas  of  diabetes. 

*Previously  supported  as  a  DERC. 


For  example,  a  new  pilot  and  feasibility  study  at  the  University  of  Pennsylvania 
DERC  brings  together  an  established  investigator  in  diabetes  research  with  an 
expert  in  computer  simulation  to  test  the  feasibility  of  applying  these 
techniques  to  construct  a  model  of  gylcolysts  in  pancreatic  beta  cells.  This 
model  based  on  information  concerning  the  properties  of  individual  enzymes  in 
the  gylcolytic  pathway  determined  in  vitro  will  be  compared  with  the  observed 
b-rii-ivi.ir  of  LsLiSt  bet-i-cells.  Tie  uc  LI  t-.-il  i.oa  of  tiu^  tool  :nay  provide  valu.ihl.i 
iT.?iji';t  i'Tto  adaptive  co'itrol  nechaTLs:!^  in  finite  stru;tures.  Tne  cora 
resources  will  be  used  In  the  biomedical  research  effort;  in  addition,  this 
represents  the  initiation  of  an  interdisciplinary  effort  which  would  not  have 
otherwise  been  possible. 

At  the  Albert  Einstein/Montef lore  DRTC,  a  young  investigator  is  studying  the 
products  and  mechanism  of  glucose-6-phosphate  and  glucose  with  hemoglobin  and 
red  cell  membrane  components  utilizing  nuclear  magnetic  resonance  and  column 
chromatography.  The  observations  from  this  study  should  indicate  whether  such 
studies  will  extend  our  understanding  of  the  mechanism  of  specific  tissue 
damage  in  diabetes. 

The  centers  have  also  been  instrumental  in  undertaking  studies  on  the 
psychosocial  problems  of  the  diabetic  patient,  a  heretofore  negle.:ted  area  of 
research.   The  University  of  Virginia  DRTC  has  two  pilot  and  feasibility  studies 
investigating  methods  for  iinproving  patient  compliance.   The  Vanderbilt  and 
Joslin  DRTCs  are  also  supporting  work,  in  this  area. 

Activities  of  the  Training  and  Information  Transfer  Component  at  the  DRTC. 
Prior  to  e-'i';abrish'neit  of  the  DRTCs,  e  v:h  of  the  centir  las':!  tut  ions  provided 
training  and  educational  experiences  based  primarily  o\  traditional  didactic 
methods.  With  the  establis*iment  of  the  DRTC  pro^ra-n,  centers  have  been  able 
to  enlist  the  aid  and  expertise  of  specialists  with  knowledgo.  and  experience 
in  the  most  contemporary  methods  of  health  education  and  evaluation.  This  has 
enabled  centers  to  develop  and  test  innovative  and  more  effective  ways  of 
approaching  training  and  education  of  health  professionals  concerned  with  the 
diabetic  patient. 

Although  biomedical  research  is  a  primary  focus  at  the  DRTCs,  the  long  range 
goals  of  these  centers  include  the  transfer  of  this  knowledge  base  from  the 
research  laboratory  to  the  wide  spectrum  of  health  professionals  engaged  in  the 
care,  education,  and  management  of  the  diabetic  patient.  Tliis  includes  develop- 
ment of  a  national  resource  of  programs  v>;','iich  provide  excellent  and  effective 
training  of  health  professionals  on  the  most  current  methods  of  diagnosis,  man- 
agement, and  treatment  of  diabetes  and  its  complications.  Developed  and  tested 
training  and  information  transfer  activities  are  then  disseminated  to  a  broader 
spectrum  of  health  professionals.  Thus,  the  product  of  this  center  component 
is  development  of  "exportable"  programs  for  training  he.^lth  professionals. 

Recently,  the  University  of  Chicago  completed  the  development  and  evaluation 
of  manuals  for  continuing  education  programs  for  both  nurses  and  dieticians. 
Copies  have  been  deposited  with  the  National  Diabetes  Information  Clearinghouse 
in  order  to  increase  the  knowledge  of  the  availability  of  these  manuals.  Tlie 
manuals  themselves  can  be  obtained  directly  frtjm  the  University  of  Chicago  DRTC. 
Additionally,  one  DRTC  (University  of  Michigan)  has  complied  and  published  a 
catalog  entitled  "Audiovisual  Resources  for  Diabetes  Education,"  and  will 
update  this  resource  semi-annually. 


Within  the  Training  and  Information  Transfer  Component  at  the  Einstein- 
Montefiore  DRTC,  the  formation,  preparation,  and  implementation  of  a  multidis- 
ciplinary  Diabetes  Education  Team  represents  a  significant  accomplishment. 
This  team  provides  teaching,  evaluation,  and  consultation  services  to  both  its 
parent  medical  center  and  local  agencies.  Comprised  of  an  internist,  social 
worker,  nutritionist,  nurse,  and  podiatrist,  th=  Diabetes  Education  Team  has 
u:i  !^i_' 'lilo-  1  a  /ari-Jty  of  a ;.  ti^^i  t  Les  that  -ia';a  it  the  fjcal  poiat  uf  tr'ahiing 
and  information  transfer  at  this  center.  This  team,  by  giving  equal  importance 
to  the  psychosocial  and  biomedical  aspects  of  diabetes,  serves  as  a  "model"  not 
only  for  the  education  of  the  health  professional,  but  also  for  the  diabetic 
patient.  Recently,  training  programs  for  teams  at  other  medical  facilities 
have  been  initiated. 

The  training  and  information  transfer  components  of  DRTCs  are  also  benefitting 
medical  education  in  their  host  institutions.  For  example,  the  Vanderbilt 
DRTC  offers  fourth  year  medical  students  a  clinical  elective  in  diabetes  ;v/hich 
differs  substantially  from  the  traditional  curriculum.  Students  observe  and 
work  in  the  DRTC  Model  Demonstration  Unit  two  half  days  a  week  for  four  weeks. 
Student  ti.-ae  is  divided  between  lectures,  participation  in  the  care  of  both 
adult  and  pediatric  patients,  and  case  discussions  '.vdth  the  health  care  team. 
Medical  students  attend  lectures  given  by  different  health  professionals:  a 
nurse,  dietitian,  a  clinical  psychologist,  and  physicians.  Nursing,  dietary, 
psychology,  and  education  students  also  attend  the  medical  student  lecture 
series,  enhancing  the  team  approach  to  the  care  of  the  diabetic  patient. 

The  transfer  of  useful  approaches  to  diabetic  patient  care  is  enhanced  by 
developing  relationships  between  the  centers  and  otiiec  Federral  agencies  u-hic.h 
support  diabetes-related  programs.  D^^TCs  and  nearby  CDC  Diabetes  Control 
Projects  have  been  exploring  possible  collaborative  efforts  and  ways  to  exchange 
information.  The  centers  also  cooperate  with  the  Health  Services  Administra- 
tion's Indian  Health  Service  (IHS)  Diabetes  Program.  The  IHS  Diabetes  Program 
is  continuing  to  determine  the  feasibility  of  providing  education  and  training 
on  diabetes  to  Indian  Health  Service  personnel  at  five  selected  locations. 
Arrangements  among  the  Indian  Health  Service,  the  XIADDK,  and  the  DRTCs  have 
been  made  which  -.vlll  allow  the  Director  of  this  program  to  utilize  some  center 
personnel  in  conducting  these  training  programs.  This  experience  is  valuable 
to  the  DRTCs  in  evaluating  the  effectiveness  of  certain  training  programs  in 
populations  and  cultures  otherwise  not  available  to  the  centers.  This  colla- 
boration also  benefits  the  IHS  program  by  providing  needed  medical  expertise 
in  diabetes  for  Its  training  program. 

Thus,  the  DRTCs  offer  a  unique  resource  for  interaction  between  traditional 
biomedical  research  and  health  care  delivery  activities  and  are  clearly 
excellent  places  for  the  development  of  programs  ^^;hich  reflect  the  latest 
research  advances  applied  to  training  and  continuing  education  for  health 
professionals.  However,  the  widespread  application  of  these  programs  is  clearly 
outside  the  mandate  of  the  NIH.  Tlierefore,  funding  for  the  application  of  such 
programs  must  come  from  the  other  Federal,  State,  and/or  private  agencies  ^-/ith 
interest  or  responsibilities  in  health  care  delivery.  Realization  of  the  full 
potential  of  the  DRTCs  in  the  future  will  depend  on  the  full  cooperation  and 
support  of  other  Federal  agencies  through  their  health  care  delivery  programs 
and  activities. 


National  Diabetes  Data  Group 

The  Data  Group  serves  Co  foster,  coordinate,  and  integrate  national  resources 
for  the  collection  and  analysis  of  data  on  diabetes  in  order  to  provide  a  sound 
basis  for  the  development  of  scientific  priorities  and  the  planning  of  public 
heilth  pro^r^-ns.  P.ie  Dnta  Grcip  also  coTtlauai  to  pro'/ide  the  feleral  focus  to 
which  both  the  lay  aaJ  scientific  coinQunicles  tarn  Joe  aocurati,  reliable  sta- 
tistics on  diabetes. 

The  National  Diabetes  Data  Group  consists  of  a  nationwide  group  of  expert 
advisors  including  epidemiologists,  individuals  with  expertise  in  the  biomedi- 
cal, nutritional,  and  socioeconomic  aspects  of  diabetes,  and  representatives 
of  federal  agencies  (the  National  Institutes  of  Health,  the  Center  for  Disease 
Control,  the  National  Center  for  Health  Statistics,  and  the  National  Diabetes 
Advisory  Board)  and  the  private  sector  (the  American  Diabetes  .Association  and 
the  Juvenile  Diabetes  Foundation). 

The  Data  Group  continues  to  work  in  close  collaboration  wit'ri  the  National  Center 
for  Health  Statistics  in  assessing  the  national  data  on  diabetes  collected  by 
that  agency.  V^ith  the  Division  of  Health  Examination  Statistics,  the  Data  Group 
is  analyzing  oral  glucose  tolerance  tests  on  a  statistical  sample  of  the  U.S. 
population  to  develop  norms  and  standards  for  plasma  glucose  levels  and  to 
determine  the  prevalence  of  undiagnosed  diabetes  and  impaired  glucose  tolerance. 
This  Division  will  also  be  conducting  a  study  of  Hispanic-Americans,  for  which 
the  Data  Group  developed  the  medical  history  and  household  questionnaire,  and  the 
clinical  and  Lib  tests  to  be  used.  .\n  analysis  of  the  chan-^ing  prev'alence  and 
incidence  of  diabetes  over  the  last  forty  yeirs  wis  completed  in  coLlabocHt  Lin 
with  the  Division  of  Haalth  Interview  Statistics. 

Tlie  Data  Group  is  also  collaborating  with  the  National  Diabetes  Information 
Clearinghouse  in  analyses  of  data  collected  through  a  special  diabetes  question- 
aire  which  was  a  supplement  to  the  1976  Health  Interview  Survey.  These  analyses 
include  quantitation  of  the  rate  of  diabetes  among  parents  and  siblings  of  dia- 
betics, borderline  diabetics  and  nondiabet ics ;  the  prevalence  of  c^rdiovas^alar 
risk  factors  among  diabetics,  including  hypertension,  obesity  and  smoking;  the 
prevalence  of  macrovascular  and  microvascular  disease;  history  of  large  birth- 
weight  babies;  and  the  rate  of  diabetes  among  age/ income/education  groups. 

The  Data  Group  has  collaborated  in  the  development  of  several  conferences, 
including  "The  Third  Symposium  on  Diabetes  in  Asia  and  Oceania"  (February  1931) 
and  "Advance  in  the  Epidemiology  of  Diabetes"  (to  be  held  May  1932  and 
cosponsored  with  WHO  and  INSERM) .  The  summary  of  the  conference  on  "Chlorpro- 
pamideAlcohol  Flushing  and  Diabetes"  sponsored  by  the  Data  Group  in  June  19S0, 
was  published  in  the  journal  of  Diabetologia. 

The  Director  of  the  Data  Group  presented  an  assessment  of  the  diabetes  data 
from  HANES  II  to  the  annual  conference  of  the  State  Diabetes  Control  Programs 
sponsored  by  the  CDC,  for  use  by  the  States  in  development  of  the  epidemiologic 
onponents  of  their  programs.  The  Director  also  collaborated  with  the  National 
Cancer  Institute  in  analyzing  geographic/race/sex  variations  in  diabetes  mor- 
tality, which  was  presented  at  the  June  1981  meeting  of  the  .^erican  Diabetes 
Association. 


National  Diabetes  Information  Clearinghouse 

NIADDK  established  the  National  Diabetes  Information  Clearinghous  (NDIC)  in 
September  1978  to  serve  as  the  central  resource  for  the  collection  and  dissemin- 
ation of  information  about  educational  and  scientific  materials,  programs,  and 
other  resources  relevant  to  diabetes.  To  this  end,  the  Clearinghouse  strives 
to  La. :rease  the  availability  of  information  for  health  care  professionals,  for 
pati^ncs,  and  for  their  families;  increase  community  awareness  and  unders tandiag 
of  diabetes  as  a  major  health  problem;  and  establish  a  viable  system  for  speedy 
communications  about  new  developments,  techniques,  and  programs  In  diabetes 
among  all  sections  of  the  diabetes  community. 

Now  in  its  third  year  of  operation,  the  NDIC  has  located,  abstracted,  and 
entered  on  a  national  data  base  over  2,700  items.  These  materials  range  from 
pamphlets  to  books,  from  tape  programs  to  films.  Annotated  bibliographies  on  a 
variety  of  diabetes-related  subjects  continue  to  be  in  great  demand  from  health 
care  providers  throughout  the  world.  These  bibliographies  have  allowed  clini- 
cians, educators,  and  others  to  locate  the  most  appropriate  materials  for 
their  needs.  NDIC  staff  have  refined  a  materials  evaluation  guide  and  are 
ai^tively  encouraging  producers  and  users  to  evaluate  these  materials  to  measure 
their  potential  value.  Health  professionals  are  sending  format  evaluation  to 
MDIC  for  inclusion  in  future  bibliographies. 

Two  major  publications  were  compiled  and  edited  by  NDIC  staff  in  the  past  year: 
Behavioral  and  Psychosocial  Issues  in  Diabetes:  Proceedings  of  a  National  Con- 
ference  and  State  and  Federal  Assistance:  Resource  Directory  for  People  with 
Di'.betes.  ?-;"en  (7)  new  or  r3-/isi=d  ••aiaoCated  bibliographies  wnre  also  published 
and  distributed. 

The  NDIC  continues  to  work  closely  with  voluntary  and  professional  diabetes 
organizations  as  well  as  with  other  Federal  agencies.  In  particular,  the  NDIC 
is  providing  support  to  evaluate  special  educational  materials  developed  for 
American  Indian  groups  in  cooperation  with  the  Indian  Health  Service,  HSA.  A 
major  educational  conference  scheduled  for  September  is  being  coordinated  by 
NDIC  and  representatives  from  the  20  CDC  supported  Diabetes  Project  states  have 
been  invited  to  participate.  Additionally,  NDIC  will  work  with  a  number  of 
Federal  agencies  to  test  and  distribute  a  Diabetes  Primer,  written  at  the  urging 
of  and  under  the  guidance  of  the  National  Diabetes  Advisory  Board. 

As  knowledge  of  the  NDIC  has  spread,  requests  for  information  have  increased 
from  a  modest  beginning  of  20-30  requests  per  month  to  almost  1,000  each  month. 

In  order  to  assess  the  effectiveness  of  and  need  for  the  bimonthly  newsletter 
Diabetes  Dateline  as  directed  by  0MB,  the  readership  was  asl-ced  to  return  a  card 
TFTliey  wished~o  remain  on  the  mailing  list.  Over  two  thirds  of  the  3,000 
readers  wished  to  continue  receiving  the  newsletter.  Additionally,  these 
respondents  indicated  that  about  5  other  people  read  each  issue,  giving  us  a 
readership  of  about  10,000  for  an  extremely  modest  cost. 

The  program  has  applied  for  and  been  granted  evaluation  set-aside  money  for  an 
evaluability  assessment  of  the  NDIC.  The  results  of  this  assessment  will  be 
available  early  in  the  next  fiscal  year. 


ENDOCRINOLOGY,  >ETABOLIC  DISEASES,  AND  RESOURCES  PROGRAMS  BRANCH 

This  Office  coordinates  the  Endocrinology,  Metabolic  Diseases,  Research  Train- 
ing and  Development,  and  Resource  Development  Programs  of  the  Cluster.  In 
addition,  the  office  serves  as  the  focus  for  planning  and  implementing  special 
initiatives  aaJ  for  adiinistering  the  NIADOK  cystic  f  ibnsi  ^-r2lat.=;'l  activit  i<^.s. 

Endocrinology  Resear.-.h  ?rogra:n 

A  major  emphasis  of  the  Endocrinology  research  program  is  to  support  studies 
of  how  hormones  act  at  the  cellular  and  subcellular  level  in  the  organism. 
This  program  supports  a  number  of  studies  that  attempt  to  determine  the 
relationship  of  hormonal  structure  to  function  and  the  role  played  by  cellular 
and  subcellular  membranes  in  hormone  action.  Other  areas  of  emphasis  include 
studies  on  secretion  mechanisms  of  hormones,  hormonal  precursor  molecules,  and 
the  synthetic  processes  used  by  the  cell  to  produce  hormones.  In  addition  to 
these  basic  studies,  the  program  also  supports  a  number  of  clinically  related 
studies  on  the  pituitary,  thyroid,  parathyroid,  and  adrenal  gland  hocTioae:;. 
Studies  on  more  recently  discovered  hormones,  e.g.,  peptides  froa  the  hypothal- 
amus such  as  endorpliins  and  enkephalins  and  on  hormone-like  substances,  such 
as  prostaglandins,  are  also  supported. 

The  following  are  some  highlights  of  resear:h  supported  by  the  Endocrinology 
Research  Program  in  1980. 

Growth  Hormone.  We  have  r.eportid  in  previous  year,  the  progress  i'l  production 
o?  r  iz  \'\i  hxman  grovth  hornone-^  in  bactaria  by  me ms  of  rocoT.htnant  T)^.'.\  tech- 
niques. Similar  techniques  have  now  been  used  to  localize  the  genes  for  Iiuman 
growth  hormone  and  chorionic  somatoaammjtropin  (also  called  placental  lactogen) 
on  chromosome  17.  Localization  was  a:compli3hed  by  using  complimentary  DXA 
(cDNA)  fragments  containing  the  codes  for  their  genes.  Mouse-Human  cell  hybrids 
were  then  developed  which  contained  various  combinations  of  human  chromosomes 
mixed  with  the  full  complement  of  mouse  chromosomes.  Studies  showed  that  the 
cDNA  probe  combined  only  with  those  cells  containing  the  human  chromosome  17, 
thus  localizing  the  genes  to  that  chromosome.  This  finding  may  have  i:nportance 
to  human  medicine  in  the  future  for  treatment  of  patients  deficient  in  these 
hormones. 

Other  studies  of  human  growth  hormone  indicate  that  the  hormone  may  actually 
be  a  complex  of  proteins  which  exhibit  different  activities,  thus  accounting 
for  the  variety  of  hormone  action  found  with  growth  hormone.  One  variant  of 
hGH,  known  as  the  20,000-dalton  variant,  has  been  shown  to  have  15  fewer  amino 
acids  than  the  normal  hGH  molecule.  The  loss  of  these  15  amino  acids  abolishes 
the  insulin-like  properties  of  normal  hGH,  as  well  as  its  hypolytic  activity. 
It  does  not,  however,  affect  the  growth  promoting  activity.  Using  recombinant 
techniques,  investigators  hope  to  show  which  portion  of  the  GH  molecule  exhibits 
the  growth  promotiig,  diabetogenic,  insulln-llke  and  lactogenic  activities  of 
the  molecule.  Hybridization  with  GH  from  other  species  may  show  the  difference 
between  species  of  this  hormone,  and  explain  why  the  hormone  from  other  animals 
does  not  work  in  man. 

Thyroid  Studies.  One  investigator  is  studying  the  role  of  the  adrenergic 
portion  of  the  autonomic  nervous  system  in  the  regulation  of  thyroid  gland 
function.   Using  the  cat  as  a  model,  he  found  that  thyroid  cells  contain  both 
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alpha  and  beta  adrenergic  receptors  and  that  adrenergic  nerve  endings  are  in 
close  proximity  to  the  follicular  cells.  He  also  found  that  epinephrine  and 
norepinephrine  stimulates  the  alpha-adrenergic  receptors  in  the  cat  thyroid, 
resulting  in  a  40-50%  reduction  in  the  TSH  stimulation  of  cyclic  A>IP  accumula- 
tion. The  mechanism  for  this  inhibitory  effect  is  unclear;  ho\\?ever,  the 
hypothesis  is  that  epinephrine  cnusss  increased  uptake  of  tissue  calcium  which 
in  tarn  activaujs  -i  ,3!io3p:iulipd3ci .  The  phospholipase  enzyme  then  is  thought 
to  release  arachidonic  acid,  a  metabolic  product  of  which  is  believed  to 
inhibit  TSH  stimulated  adenylate  cyclase.  Tais  same  investigator  has  also 
observed  that  insulin  in  low  concentrations  suppresses  TSH  stimulated  cyclic 
AI-IP  formation,  apparently  by  a  different  mechanism.  Studies  such  as  these 
show  the  complex  interactions  of  hormones  with  the  nervous  system  in  the  body. 

Calcitonin.  Calcitonin  together  with  parathyroid  hormone  helps  control  bone 
growth  and  resorption.  Calcitonin  biosynthesis  has  been  studied  using  calcito- 
nin producing  tumors  of  rats.  Various  forms  of  calcitonin  have  been  identified, 
with  molecular  weights  of  25,000,  15,000  and  9,000.  By  using  recombinant  DNA 
techniques  and  various  methods  of  analysis,  researchers  have  determined  that 
the  initial  synthesis  of  calcitonin  is  in  a  "pre-pro"  form  of  relatively  high 
molecular  weight.  This  f o na  is  biologically  inactive.  Enzymatic  splitting  to 
an  intermediate  form  produces  a  "pro  calcitonin",  which  is  then  split  to  the 
final  biologically  active  form  of  about  9000  molecular  weight.  Thus,  calcitonin 
appears  to  be  formed  in  a  manner  similar  to  other  hormones  from  a  large 
precursor  molecule. 

A.CTH.  ACTH  is  one  of  the  pituitary  homones  whose  main  effect  is  stimulatiijn 
o?  the  adrenal  cortex.  One  group  of  investigators  has  shovm  than  ACTH  is  also 
produced  in  the  .imy'.::Jala,  a  portion  of  the  brain.  In  addition,  they  have 
studied  the  effect  of  ACTH  on  mental  function.  Work  in  rats  has  suggested  that 
ACTH  has  a  direct  effect  on  higher  brain  function.  To  see  if  there  is  an  effect 
in  humans,  these  investigators  studied  patients  with  ACTH  deficiency  due  to 
tumors  of  the  pituitary.  The  patients  were  interviewed  and  given  psychological 
tests  that  emphasized  memory  and  recall.  They  were  then  treated  in  a 
doubleblind  study  with  ACTH.  In  all  cases  the  p.itients  with  ACTH  and  other 
pituitary  hormone  deficiency  had  significant  defects  in  memory  and  concept 
formation.  However,  ACTH  in  the  doses  given  over  a  relatively  short  period 
of  time  did  not  restore  function  to  normal.   The  conclusion  is  that: 

1.  The  pituitary  does  secrete  a  hormone  or  hormones  influencing  memory 
and  concept  function,  but  it  is  not  ACTH,  or; 

2.  ACTH  has  to  be  given  for  a  much  longer  period  of  time  to  be  effective 
or; 

3.  ACTH  deficiency,  once  developed,  may  produce  irreversible  brain  changes. 
Then  studies  are  important  especially  to  the  aging  process,  since  the 
brain  deficiences  studied  were  very  similar  to  those  found  in  senility. 

Growth  Factors.  There  are  several  growth  factors  kno^jn  which  affect  growth 
either  directly  or  in  conjunction  with  other  hormones.  Somatomedin  (or 
insulin-like  grov,rth  factor)  appears  to  work  in  conjunction  with  growth  hormone. 
For  example,  one  clinical  study  of  short  children  showed  that  the  growth 
hormone  level  was  normal,  as  determined  by  radioimmunoassay,  but  somatomedin 
levels  were  low.   Wien  GH  was  administered,  serum  somatomedin  increased  and  the 


childrea  began  to  grow.  Studies  showed  that  the  GH  was  probably  abnornal,  even 
though  the  amount  appeared  to  be  within  the  normal  limits.  It  also  shows  that 
GH  appears    to   work    through    somatomedin. 

Somatomedin  appears  also  to  serve  as  a  feedback  control  mechanism  to  GH  produc- 
tion. As  somHto-nedin  levels  in::r(;ase  In  the  hlood ,  the  a-iount  of  STnaC:)StTti-i 
increases.  Somatostatin  is  a  '<;iji;t  iniiihior  of  growth  hor-aor.e,  tims  the  level 
of   somatomedin  regulates   the   level  of  growth  hormone. 

Hormone  Distribution  Program.  This  program  distributes  pituitary  and  other 
hormones  and  various  antisera  to  cinical  and  basic  science  investigators  in  this 
and  other  countries.  The  distribution  program  has  been  very  helpful  to  many 
investigators  since  its  inception.  During  the  past  year,  preparations  have 
begun  for  recompeting  the  contracts  through  which  the  distribution  program  is 
operated.  An  ad  hoc  advisory  group  of  leading  investigators  in  endocrinology 
was  convened  to  review  the  current  activities  of  the  program  and  to  recommend 
any  changes  in  its  scope  and/or  mode  of  operition.  Principal  recoTnendntlons 
included : 

1.  The     addition     of     several     p-aptldes     to     the     offerings     of     the     program 
including    soraatomedin-C  and   beta-endorphin. 

2.  The     collection     and     distribution     of     parathyroid     tissue     to     qualified 
Investigators. 

3.  The    use    of    an    Independent    oC:-^aai^-a  t  Ion    to    conduct    assays    of    chemical 
purity   and     biological     activity     on     the      products     to     be     distributed. 

Me tabolic  Diseases   Research  Program 

The  primary  objectives  of  this  program  are  to  support  Investigator  Initiated 
studies  of  basic  metabolic  processes  underlying  all  diseases  within  the  purview 
of  the  Institute  and  basic  and  clinical  studies  of  various  inborn  metabolic 
diseases.  Major  foci  of  basic  ri3Soar;h  Investigations  include:  raenbrane 
structure,  biological  transport  and  enzymatic  mechanisms,  and  their  roles  in 
the  regulation  and  control  of  normal  as  well  as  inborn  or  acquired  abnormal 
metabolic  processes.  Additional  areas  of  emphasis  reach  Into  the  diagnosis, 
etiology,  pathogenesis  and  treatment  of  a  large  number  of  Inborn  metabolic 
diseases.  Some  highlights  of  research  accomplishments  during  FY  31  are  summar- 
ized  below. 

Structure  and  Function  of  Proteins,  Peptides  and  Enzymes.  Biological  effects  of 
drugs  often  depend  on  the  way  in  which  they  Interact  with  proteins  at  the  site 
of  their  action.  The  protein,  functioning  as  a  receptor  for  the  drug,  binds  It 
at  an  active  site  which  has  a  specific  location,  geometry  and  chemical 
composition.  Our  ability  to  mathematically  model  binding  sites  of  various 
proteins  and  enzymes  as  well  as  to  predict  drug-protein  interactions  is  of 
extreme  importance  for  understanding  drug  action  and  to  design  better  drugs. 
A  research  team,  supported  by  the  program,  is  working  on  development  of  a 
novel  distance  geometry  approach  for  study  of  receptor-drug  binding  utilizing 
computer  assisted  analysis  of  binding  site  shape  and  energetics.  Tlie  newly 
developed  methodology  was  applied  to  a  series  of  analogs  of  the  hormone 
thyroxine,  for  which  knowledge  of  receptor-hormone  complex  structure  was 
available   from    X-ray   crystallographic    measurements.      The  developed    methodology 
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not  only  duplicated  the  already  known  structures  but  was  able  to  predict  binding 
free  energies  for  three  analogues  intentionally  excluded  from  the  data  set.  If 
further  validated  on  other  systems,  the  method  could  be  a  major  contribution 
and  lead  to  improvement  in  the  therapeutic  effects  of  many  drugs. 

Glutathione  is  a  tripeptide  with  an  as  yet  undefined  role  in  the  extracellular 
formation  of  the  amino  acid  cystine.  This  role  is  studied  with  the  aid  of  Che 
drug  buthionine  sulfoximine,  an  inhibitor  of  the  enzyme  gamma-glutamylcysteine 
synthetase.  While  studying  the  properties  of  the  inhibitor,  a  group  of 
researchers  found  that  the  protozoan  Trypanosoma  b.  brucei,  the  causative  agent 
of  Nagana,  or  animal  Trypanosomiasis,  is  killed"  when  exposed  to  buthionine 
sulfoximine.  This  drug  acts  on  the  parasites,  in  infected  mice,  by  depleting 
their  glutathione  content.  Glutathione  is  necessary  for  the  disposal  of 
hydrogen  peroxide  produced  intracellularly  by  the  parasites  which  lack  the 
enzymes  to  detoxify  peroxides.  Due  to  the  depleted  glutathione,  the  accumulat- 
ing peroxide  kills  the  parasites.  Since  mammalian  cells  contain  peroxide 
detoxifying  enzymes,  buthionine  sulfoximine  is  apparently  non-toxic  to  the 
host.  These  findings  suggest  a  new  viable  alternative  to  the  treatment  of 
Trypanosomiasis,  with  possible  applicability  to  treatment  of  African  sleeping 
sickness  or  in  South  America,  Chagas  disease.  These  studies  are  an  excellent 
demonstration  of  how  discoveries  in  seemingly  unrelated  scientific  research 
areas  may  have  direct  pay  off  in  the  treatment  of  human  diseases. 

Studies  on  the  roles  of  proteins  in  transport  through  membranes;  their  location 
on  the  outer  or  inner  surface  of  membranes  and  their  three  dimensional 
stru<;tural  arrangement  in  membranes  are  major  targets  of  today's  research 
efforts.  A  membrane  impermeanc,  cleavable  protein  crosslinking  reagent,  capable 
of  facilitating  such  studies,  was  synthesized  recently.  This  reagent,  called 
DIDIT,  specifically  crossreacts  with  amine  groups  of  a  known  transmembrane 
protein  at  the  outside  face  of  intact  human  erythrocyte  membrane  and  it  is 
removable  from  the  membrane  under  mild  conditions.  This  first  successful 
demonstration  of  the  crosslinking  of  a  membrane  protein  with  an  outside 
crosslinker  only  at  one  face  of  a  biological  membrane  should  significantly 
facilitate  research  in  all  aspects  of  membrane  structure  -  function  and  fov-zard 
our  understanding  of  vital  processes  at  the  molecular  level. 

Regulation  of  Metabolic  Pathways.  Phosphofructokinase  (PFK)  is  a  key  enzyme 
in  the  glycolytic  pathway  and  is  responsible  for  the  irreversible  formation  of 
fructose-l,6-diphosphate  (FDP),  itself  a  key  intermediate  of  the  same  pathway. 
Until  recently,  PFK  was  thought  to  be  regulated  through  inhibition  by  high 
concentrations  of  adenosinetriphosphate  (ATP),  or  stimulated  by  adenosine 
diphosphate  and  monophosphate.  A  research  team  has  recently  isolated  a  highly 
labile  compound,  fructose-2,6-biphosphate  (FBP)  from  rat  liver  perfused  with 
high  concentration  of  glucose.  FBP  has  the  ability  to  stimulate  the  activity 
of  PFK  at  extremely  low  concentrations  by  increasing  the  affinity  of  the  enzyme 
for  its  substrate,  fruc to se-6 -phosphate,  and  by  relieving  the  inhibition  by 
ATP.  It  was  found  that  the  concentration  of  FBP  is  increased  in  the  presence 
of  glucose;  decreased  by  glucagon  and  affected  by  the  hormone  vasopressin  and 
by  lactate.  The  discovery  of  this  compound,  which  appears  to  be  a  potential 
new  regulator  of  an  important  step  of  glycolysis,  could  have  far  reaching 
implications  in  advancing  our  understanding  of  carbohydrate  metabolism  and 
its  defects  in  diabetes  mellitus. 
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Inborn  Metabolic  Diseases.  Mucopolysaccharidoses  (MPS)  VI,  or  the  Maroteaux- 
Lamy  syndrome,  due  to  deficiency  in  the  enzyme  arylsulfatase-B,  can  be  a  severe 
disease  characterized  by  stunted  growth,  joint  stiffness,  corneal  clouding, 
severe  hip  deformity,  etc.  A  group  of  researchers  has  recently  identified  a 
feline  model  for  this  disorder  and  isolated  the  enzyme  arylsulfatase-B  from 
both  nomal  and  afflicted  cats.  An  understanding  of  differences  betw.?en  nomal 
and  mut'int  .inzynies  La  cats  and  their  comparison  l^n.th  arylsulfatase-B  isolated 
from  normal  and  afflicted  humans  opens  the  way  to  initiation  of  enzyme  replace- 
ment studies  in  the  feline  model  and  to  understanding  the  genetic  mutation  in 
feline  and  human  MPS  VI. 

Development  of  the  gas  chroraatograph  mass  spectrometer  (GC-MS)  has  contributed 
to  our  ability  to  detect  various  diseases  through  simple  derivatization  of 
urinary  metabolites.  The  major  drawback  of  this  methodology  is  the  high  cost 
of  such  instruments  and  thus  their  relatively  sparse  availability.  Gas 
chromatographic  identification  of  155  derivatized  ( triraethylsilylated)  important 
organic  acid  metabolites  from  urine,  as  recently  reported  by  a  research  team, 
allows  for  relatively  inexpensive  diagnosis  of  various  inborn  organic  acidurias. 
The  availability  of  this  convenient  diagnostic  method  allows  initiation  of 
screening  programs  for  organic  acidurias  in  hospitals  not  equipped  with  GC/MS. 

Cystic  Fibrosis  (OF).  Several  investigators  have  continued  their  efforts  to 
develop  ways  of  detecting  carriers  of  the  CF  gene  (heterozygotes)  and  of 
performing  prenatal  diagnosis  of  the  disease.  Although  a  number  of  approaches 
are  being  explored  in  each  case,  none  has  been  developed  and  validated  to  an 
extent  that  would  allow  widespread  use  at  this  time.  A  recent  report  indicated 
that  fibroblasts  from  both  CF  patients  and  carriers  tended  to  accumulate  less 
sodium  than  norsial  fibroblasts  after  exposure  to  ouabain;  however,  initial 
attempts  to  replicate  the  effect  have  been  problemmatic .  Work  has  continued 
in  the  development  of  a  prenatal  test  for  CF  using  amniocentesis.  The  test  is 
based  on  studies  sho^vring  lower  than  normal  levels  of  protease  activity  in  the 
amniotic  fluid  of  CF  pregnancies.  A  number  of  high  risk  (for  CF)  pregnancies 
are  currently  being  followed  to  term.  To  date,  all  infants  subsequently  found 
to  be  normal  were  predicted  to  be  normal  by  the  test;  however,  several  infants 
subsequently  found  to  have  CF  had  test  results  in  the  normal  range.  Efforts 
to  perfect  this  test  are  continuing. 

The  program  also  supports  a  number  of  basic  research  projects  examining  the 
secretory  process  in  general.  Tine  structure  and  function  of  sweat  and  mucous 
producing  glands  are  of  major  interest  because  of  their  aberrant  functioning  in 
CF  patients. 

Previous  annual  reports  have  described  efforts  to  increase  investigator  aware- 
ness of  the  needs  and  opportunities  in  CF  research,  and  the  numbers  of 
applications  received  by  the  program  increased  markedly  in  1979  and  1980.  This 
trend  halted  in  1981,  however,  with  the  same  number  of  applications  being 
received  as  in  1980. 

Train i ng  and  Career  Develo pment  Prog ram 

The  Training  and  Career  Development  Program  continues  to  pursue  its  mission  of 
attempting  to  assure  an  adequate  supply  of  well-trained  investigators  in  areas 
of  the  Cluster's  responsibility;  however,  shortages  of  funds  in  both  the 
training  and  career  development  categories  have  sharply  curtailed  the  new  and 
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competing  awards  that  could  be  made  in  1981.  The  number  of  trainees  supported 
by  new  and  competing  awards  (both  institutional  and  individual)  in  1981  was 
less  than  one-third  of  the  number  supported  in  1980.  Virtually  no  new  career 
development  awards  were  made  in  1981.  If  these  trends  continue,  a  major  effort 
must  be  made  to  develop  priorities  among  the  various  types  of  awards  offered 
within  the  program  to  assure  that  the  limited  resources  available  are  allocated 
in  the  most  effective  way. 

Research  Resources 

The  Cluster  continues  to  support  the  development  and  distribution  of  various 
research  resources  to  qualified  investigators;  however,  budgetary  limitations 
prevented  the  expansion  of  such  support  in  1981.  The  activities  of  the  National 
Hormone  Distribution  Program  (formerly  the  National  Pituitary  Agency)  were 
reviewed  by  an  ad  hoc  advisory  committee  and  its  recommendations  are  summarized 
elsewhere  in  this  report.  Several  insulins  and  insulin  analogues  are  available 
through  the  program. 
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ARTHRITIS,  MUSCULOSKELETAL  AND  SKIN  DISEASES  PROGRAM 

ANNUAL  REPORT  -  1981 

ARTHRITIS  RESEARCH  A^TD   TRAINING  PROGRAMS 

Investigator-initiated  research  in  the  Arthritis  Program  can  be  categor- 
ized by  four  major  areas  of  emphasis.   The  first  includes  general  approaches 
to  the  rheumatic  diseases  concerned  with  etiology,  metabolism,  inflammation, 
humoral  and  cellular  disturbances,  autoimmunity  and  specific  antibodies.   The 
second  is  research  differentiated  to  categorical  diseases  such  as  rheumatoid 
arthritis,  sytemic  lupus  erythematosus,  degenerative  joint  disease,  and  heri- 
table disorders  of  connective  tissue.   The  third  is  research  which  is  not 
disease  specific,  related  to  articular  cartilage,  collagen,  mucopolysaccharides, 
basement  membrane,  and  synovial  tissue  and  fluids.   Fourth,  and  lastly,  are 
studies  associated  with  structure,  function,  and  metabolism  of  skeletal 
muscle,  together  with  the  physical  and  biochemical  events  associated  with 
muscle  excitation  and  contraction. 

Highlights  and  summaries  of  research  objectives  and  results  from  indi- 
vidual research  projects  along  with  current  proposed  researches  are  reported 
within  areas  of  major  interest  that  comprise  the  program. 

Collagen  and  Connective  Tissue 

Support  for  a  four-day  international  conference  to  help  define  important 
problems  and  future  directions  for  research  on  the  biochemistry  and  molecular 
genetics  of  collagen  was  provided  to  promote  the  application  of  the  technology 
of  molecular  genetics  to  the  connective  tissue  field.   The  conference  con- 
sisted primarily  of  three  concurrent  Discussion  Group  Sessions  and  was  pat- 
terned after  the  Dahlem  Conferences  in  West  Germany  -  of  proven  success  - 
which  emphasize  small  discussion  groups  followed  by  plenary  sessions.   The 
three  discussion  groups  were  charged  with  covering  the  following  topics: 
Group  I:   Structure  of  Collagens,  Collagen  Genes  and  Procollagen;  Group  II: 
ReguJation  of  Collagen  Biosynthesis  and  Degradation;  Group  III:   Genetic  and 
Acquired  Diseases  Involving  Collagen. 

The  conference  was  timely,  addressing  important  areas  of  interest  and 
recognized  the  importance  of  recent  advances  in  molecular  genetics,  including 
the  availability  of  techniques  of  recombinant  DNA  which  make  the  genes  for 
collagen  directly  accessible  for  use  in  sophisticated  experiments  and  as 
potent  tools  in  the  diagnosis  of  clinical  disorders.   The  rationale  and 
specific  aims,  as  well  as  the  topics  covered,  were  focused  on  the  structure 
of  collagen,  procollagen  and  the  genetic  expression  of  collagenous  proteins 
in  normal  and  disease  states.   The  plan  to  produce  a  monograph  summarizing 
the  conference  will  provide  other  workers  with  an  excellent  description  of 
the  field.   The  monograph  will  include  materials  written  prior  to  the  con- 
ference as  well  as  summaries  of  the  discussions  during  the  conference.   A 
major  hurdle  has  been  approached  in  the  connective  tissue  field  with  the 
application  of  some  of  the  new  technologies  of  molecular  biology  to  the 
study  of  the  regulation  of  connective  tissue  component  biosynthesis.   Bring- 
ing together  experts  in  both  the  connective  tissue  field  and  the  molecular 
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biology  field  will  provide  proper  means  to  encourage  workers  in  the  connec- 
tive tissue  field  to  move  in  these  directions. 

Recent  research  has  produced  evidence  of  a  new  collagen  type,  which  has 
been  called  AB  or  type  V.   This  collagen  is  considered  distinct  from  other 
collagen  types  by  a  number  of  criteria,  including  solubility,  gel  electro- 
phoresis, amino  acid  composition  and  cyanogen  bromide  peptide  pattern. 
Studies  now  in  progress  should  complete  the  characterization  of  type  V 
collagen,  including  the  question  of  whether  two  chains  exist  in  the  same 
molecule  or  whether  separate  proteins  of  different  composition  exist.   Isola- 
tion and  characterization  of  the  cyanogen  bromide  peptides  for  the  two  chains 
is  being  accomplished  as  well  as  the  effort  to  determine  whether  the  chains 
exist  in  one  or  two  different  molecules.   Biochemical  analyses  and  immuno- 
fluorescence techniques  are  being  employed  to  determine  the  distribution  of 
this  protein  together  with  studies  of  its  role  in  normal  and  pathophysiology 
and  disease  states  in  which  this  protein  may  be  involved,  including  heredi- 
tary disorders  such  as  the  Marfan  syndrome. 

Etiology  of  Rheumatoid  Arthritis  and  Systemic  Lupus  Erythematosus 

The  principal  thrust  of  an  important  project  is  to  identify  microbial 
agents  suspected  to  be  etiological  factors  in  rheumatoid  arthritis  and  systemic 
lupus  erythematosus.   To  this  end,  attempts  are  being  made  to  identify  and 
characterize  microbial  DNA  in  the  plasma  and  tissues  of  patients.   The  tech- 
niques are  based  on  nucleic  acid  hybridization,  protein  renaturation  and 
nucleic  acid  probes.   Progress  thus  far  has  not  produced  conclusive  evidence 
of  microbial  DNA  in  the  plasma  of  patients  but  the  studies  have  the  potential 
of  revealing  valuable  information  and  the  medical  significance  of  this  project 
is  extremely  high. 

Circumstantial  evidence  exists  that  a  permissive  background  and  a  per- 
sistent but  inapparent  infection  underlies  these  collagen  disorders.   Two 
approaches  are  being  taken.   In  one,  DNA  will  be  isolated  from  the  circulation 
to  determine  if  it  is  of  foreign  origin.   In  earlier  studies,  DNA  isolated 
from  eight  subjects  with  lupus  did  not  renature  with  known  DNA  suggesting 
that  a  base  sequence  difference  might  be  present.   These  studies  are  being 
continued  to  determine  if  the  explanation  is  in  the  methods  or  if  there  are 
true  differences  between  base  sequences  and  those  of  human  nuclear  DNA.   If 
the  latter  is  true,  it  will  be  characterized  to  determine  its  origin.   The 
second  approach  requires  preparation  of  DNA  probes  of  high  specific  activity 
in  the  attempt  to  detect  DNA  from  microorganisms  in  tissue.   Important  new 
modifications  in  the  traditional  methods  for  DNA  reassociation  will  be  used. 
One  of  these  techniques,  the  Phenal  Emulsion  Reassociation  Technique  (PERT), 
allows  renaturation  to  take  place  at  room  temperature  and  at  substantially 
enhanced  rates  while  permitting  the  screening  of  DNA  in  small  samples  of 
tissue  or  blood  in  a  large  number  of  samples. 

Efforts  are  also  underway  to  make  a  large-scale  search  for  genera  that 
may  be  of  etiologic  significance.   Broadly  specific  DNA  probes  will  be  pre- 
pared from  those  genera  of  organisms  that  appear  most  likely  to  be  of  etio- 
logic significance.   Probe  sensitivity  will  be  enhanced  by  using  a  variety 
of  restriction  endonucleases  to  select  out  the  desired  DNA. 
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Systemic  Lupus  Erythematosus 

Abundant  evidence  has  been  given  that  the  deposition  of  immune  complexes 
is  the  primary  event  which  leads  to  tissue  injury  in  blood  vessels,  glomeruli 
and  the  skin  of  patients  with  systemic  lupus  erythematosus.   Investigations 
of  the  pathogenetic  roles  of  immune  complexes  in  this  disease  continue  to 
further  define  the  immunochemical  properties  of  circulating  antibodies  and 
antigen-antibody  comp2'=xes,  using  enzyme  immunoassays  and  correlating  these 
with  the  clinical  and  histologic  findings  in  patients  with  lupus.   Attempts 
are  being  made  to  isolate  complexes  found  In  vivo  or  formed  rn  vitro  and 
determine  their  physical,  immunochemical  and  biologic  properties.   Compari- 
sons are  being  made  between  the  characteristics  of  immune  complexes  associated 
with  injury  when  deposited  in  tissue  and  those  whose  deposition  is  not 
associated  with  tissue  damage.   Overall  the  main  thrust  of  these  investiga- 
tions is  to  identify  the  peculiar  characteristics  of  the  variety  of  immune 
complexes  found  in  lupus  sera  which  relate  to  clinical  manifestations  of  the 
disease.    Much  pioneering  work  has  been  done  within  this  project.   The 
emphasis  has  shifted  from  studies  of  the  nature  and  source  of  the  nucleic 
acid  antigens  found  in  the  sera  of  patients  to  the  characterization  of  the 
immunochemical  specificity,  physical  and  biologic  properties  of  the  anti- 
bodies found  in  such  sera.   One  of  the  major  features  now  involves  the  use 
of  enzymatic  immunoassays  for  the  detection  of  antibodies  specific  for  as 
many  as  twenty  different  antigens. 

Rheumatoid  Arthritis 

It  is  important  to  understand  the  proliferative  and  destructive  events 
that  occur  in  rheumatoid  arthritis  in  which  the  breakdown  of  collagen  in 
cartilage,  bone,  and  other  tissues  is  prominent.   Synovial  collagenase  is 
central  to  the  destruction  of  collagen  in  arthritis.   It  is  important  to 
understand  the  physiology  and  biochemistry  that  regulate  the  production  of 
this  enzyme,  the  mechanisms  of  intracellular  transport,  the  storage  and 
secretion  of  the  protein  and  the  fate  of  latent  collagenase  in  extracellular 
tissues  after  release  from  cells.   A  number  of  interesting  model  systems, 
including  synovial  cells  stimulated  to  produce  collagenase  by  phorbol 
myristate  acetate  and  the  inhibition  of  collagenase  production  in  such 
stimulated  cells  by  the  compound  retinoic  acid, are  being  used  to  examine 
these  factors.   The  stimulation  or  inhibition  of  collagenase  production  by 
these  compounds  is  being  related  to  changes  in  phospholipid  and  prostaglandin 
metabolism.   Collagenases  produced  by  rabbit  synovial  fibroblasts  and  rheuma- 
toid synovial  cells  are  being  purified  to  produce  monospecific  antibodies 
for  studies  of  intracellular  localization  of  the  enzymes  and  specific 
inhibitors  of  collagenase  from  tissue  are  also  being  purified  for  study  in 
their  own  right.   Finally,  because  of  the  difficulty  in  obtaining  large 
amounts  of  rheumatoid  synovial  cells  for  this  work  permanent  cloned  lines 
from  both  normal  synovial  and  rheumatoid  synovial  x-irradiated  cells  will  be 
established  and  characterized  with  respect  to  growth,  collagenase  and  pro- 
teinase production,  inhibitor  synthesis  and  prostaglandin  metabolism. 

Current  methods  for  the  treatment  of  rheumatoid  arthritis  are  far  short 
of  being  satisfactory.   Corticosteroids  appear  to  inhibit  collagenase  pro- 
duction, but  they  affect  many  other  cellular  functions  and  some  of  these 
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effects  are  adverse.   More  selective  inhibition  of  collagenase  production 
is  therefore  needed  and  work  is  in  progress  to  examine  the  effects  of  retinoic 
acid  first  in  vitro  and  then  in  experimental  models  of  arthritis.   Clinical 
trials  may  be  started  if  the  results  are  promising.   A  fair  knowledge  of  the 
basic  components  in  the  system,  mainly  the  cellular  handling  of  collagenases 
and  inhibitors,  cellular  phospholipid  and  prostaglandin  biosynthesis  and  the 
metabolic  interrelationships  among  these  several  aspects  of  cellular  function 
must  be  available  to  design  a  maximal] y  effective  mode  of  therapy. 

Crystal-Induced  Arthropathy 

The  influx  of  polymorphonuclear  leukocytes  plays  a  crucial  role  in 
initiating  the  inflammation  associated  with  crystal-induced  arthropathy. 
It  has  been  demonstrated  that  following  phagocytosis  of  urate  or  calcium 
pyrophosphate  crystals,  polymorphonuclear  leukocytes  release  a  low  molecular 
weight  glycoprotein  which  is  chemotactic.   The  relevance  of  this  factor  to 
crystal-induced  arthropathy  was  suggested  by  two  findings.   First,  injection 
of  purified  factor  into  the  joints  of  rabbits  resulted  in  the  rapid  onset  of 
inflammation  which  was  indistinguishable  from  that  seen  in  crystal-induced 
disease.   Second,  polymorphonuclear  leukocytes  displayed  specific  receptors 
for  the  factor. 

Studies  on  this  factor  will  include  comparative  quantification  in  the 
synovial  fluid  of  individuals  with  crystal  versus  noncrystal-induced  arthrop- 
athy; delineation  of  other  materials  such  as  antigen-antibody  complexes  which 
can  induce  synthesis;  and  whether  the  factor  can  inhibit  phagocytosis  and 
thus  play  a  role  in  the  spontaneous  remission  of  inflammation  that  occurs 
after  polymorphonuclear  leukocyte  ingestion  of  crystals.   Another  project 
will  look  at  the  amino  acid  sequence  of  this  factor.   The  last  project  will 
explore  metabolic  and  biochemical  events  which  occur  subsequent  to  inter- 
actions between  this  factor  and  polymorphonuclear  leukocytes;  this  will 
include  changes  induced  by  the  factor  in  membrane  potentials,  ion  fluxes, 
and  cyclic  nucleotides. 

Immune  Disturbances  in  Rheumatic  Diseases 

A  research  group  at  the  University  of  New  Mexico  has  been  able  to  prepare 
two  antisera  capable  of  detecting  antigens  specific  for  lupus  by  using,  as 
immunogens,  lupus  lymphocytes  coated  with  normal  anti-lymphocyte  antibody. 
Attempts  are  being  made  to  extend  the  immunochemical  studies  of  the  antigens 
reacting  with  antisera  prepared  against  mononuclear  cells  from  patients  with 
active  systemic  lupus  erythematosus.   After  extensive  adsorption  and  pepsin 
digestion,  absorbed  anti-SLE  reagents  will  be  utilized  to  further  characterize 
antigens  which  react  with  these  antisera  and  are  present  on  peripheral  blood 
lymphocytes  as  well  as  polymorphonuclear  leukocytes.   Another  portion  of  the 
study  will  focus  on  attempts  to  learn  more  about  idiotypic  antigens  associated 
with  rheumatoid  factors  in  patients  with  rheumatoid  arthritis.   Analysis  of 
cross-reacting  rheumatoid  factors  which  react  not  only  with  a  specific  frag- 
ment of  the  immunoglobulin  G  moiety  but  also  with  nuclear  antigens  will  be 
extended  and  attempts  will  be  made  to  utilize  antirheumatoid  factor  idiotypic 
antibody  to  identify  rheumatoid  factor  idiotypes  or  materials  cross  reacting 
with  the  latter  in  body  fluid,  urine,  and  synovial  tissue  from  patients  with 
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rheumatoid  arthritis.   A  preparation  of  reagents  capable  of  identifying  T 
cell  subclasses  in  peripheral  blood  and  tissues  will  be  extended.   These 
antisera  will  be  prepared  against  isolated  specific  T  cells  obtained  from 
human  umbilical  cord  bloods  after  extensive  absorption  with  T  cells  of 
different  specificity,  human  thymocyte  suspensions,  and  a  number  of  other 
cell  types.   Similar  approaches  for  other  T  cell  subsets  will  be  initiated. 
Finally,  the  relationship  between  C-reactive  protein  binding  lymphocytes 
and  cells  capable  of  reacting  with  streptococcal  antigens  in  acute  rheumatic 
fever  will  be  investigated  to  explore  whether  this  protein  is  capable  of 
modulating  a  potentially  harmful  immune  response  in  this  circumstance. 

The  objectives  of  another  research  group  are  to  study  the  relationship 
of  immunoglobulin  G  and  M-rheumatoid  factor  to  the  systemic  complications  of 
rheumatoid  arthritis  and  to  examine  factors  that  regulate  the  synthesis  in 
vitro  of  autoantibodies.   They  will  investigate  the  role  of  immunoglobulin- 
rheumatoid  factor  complexes  in  the  pathogenesis  of  rheumatoid  arthritis  as 
well  as  to  determine  immunologic  factors  related  to  their  enhanced  synthesis 
in  vitro.   Comparisons  will  be  made  between  rheumatoid  arthritis  patients 
with  and  then  without  systemic  complications.   Soluble  as  well  as  cell- 
dependent  factors  related  to  controlling  the  iri  vitro  production  of  rheumatoid 
factor  by  circulating  synovial  fluid  and  synovial  membrane  mononuclear  cells 
from  patients  with  rheumatoid  arthritis  will  be  studies  and  the  specificity 
of  the  modulating  factors  for  rheumatoid  factor  production  will  be  determined. 
Similar  investigation  of  modulating  factors  related  to  excessive  production 
of  rheumatoid  factor  and  anti-DNA  antibodies  among  the  spleen  cells  of  mice 
with  autoimmune  disease  resembling  human  systemic  lupus  erythematosus  will 
be  carried  out.   The  project  will  be  rounded  out  by  planned  studies  designed 
to  improve  the  sensitivity  of  techniques  useful  for  the  detection  of  immuno- 
globulin G-rheumatoid  factor  produced  _in  vitro  by  mononuclear  cells. 

Numerous  circulating  autoantibodies  to  nuclear  and  cytoplasmic  macro- 
molecules  have  been  detected  in  patients  with  systemic  lupus  erythematosus 
and  other  rheumatic  diseases.   Intensive  investigation  of  antinuclear  anti- 
bodies has  resulted  in  the  discovery  of  additional  distinct  nuclear  acidic 
protein  antigens  which  are  present  predominantly  or  appear  to  be  specific 
for  a  number  of  rheumatic  disease  entities.   Among  these  are  mixed  connective 
tissue  disease,  Sjogrens  syndrome,  polymyositis,  dermatomyositis  and  systemic 
lupus  erythematosus.   Thus,  antibodies  to  a  number  of  distinct  nuclear  anti- 
gens appear  to  be  of  diagnostic  and/or  prognostic  value  in  a  number  of 
rheumatic  diseases.   A  series  of  studies  is  in  progress  to  continue  the 
purification  and  the  biochemical  and  immunologic  characterization  of  a 
number  of  nuclear  antigens  identified  as  PM-1,  RNP,  SM  and  MA;  to  produce 
more  sensitive  assays  for  these  materials;  and  to  analyze  the  exp'*ession 
and  localization  of  nuclear  acid  protein  antigens  in  serum,  tissue,  and 
cells.   There  are  plans  to  extend  the  observations  made  to  a  mouse  model 
inbred  to  select  for  antibodies  to  RNP  and  SM  and  analysis  of  the  influence 
of  T  cell  function. 

Muscle  Structure  and  Function 

Studies  concerned  with  muscle  contraction  include  projects  concerned 
with  contractile  proteins,  the  contractile  mechanism,  the  biology  and 
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regulation  of  contraction,  and  the  mechanical  control  and  energetics  of  con- 
traction.  Projects  associated  with  the  structure  and  function  of  muscle 
include  myofibril  structure,  sarcoplasmic  reticulum,  regulatory  proteins, 
and  the  structural  basis  and  dynamics  of  cellular  function  and  movement. 

One  study  continues  an  effort  to  characterize  the  sarcoplasmic  reticulum 
and  surface  membranes  of  heart  and  skeletal  muscle  both  structurally  and 
functionally  in  molecular  terms.   The  overall  aim  is  to  delineate  how  the 
intracellular  calcium  concentration  of  muscle  cells  is  regulated  by  these 
membranes.   The  area  of  research  concerns  the  isolation  and  study  of  the 
various  supramolecular  complexes,  or  organelles,  involved  in  the  regulation 
of  contraction  in  skeletal  and  heart  striated  muscles.   The  subcellular 
fragments  or  organelles  involved  are  the  surface  membrane  or  plasmalemma, 
the  transverse  tubular  system,  and  the  internal  closed  membrane  system  known 
as  the  sarcoplasmic  reticulum.   The  approach  uses  whole  muscle  tissue  sub- 
jected to  various  homogenization  and  centrifugation  procedures.   Subsequent 
treatment  yields  relatively  pure  fractions  which  contain  surface  membrane, 
T-system  membrane,  functional  fragments  known  as  triads,  and  sarcoplasmic 
reticulum  vesicles.   Various  techniques  are  being  used  to  test  purity  to 
reconstitute  various  purified  protein  molecules  involved  in  the  transport 
and  permeability  properties  of  these  membrane  systems  into  lipid  biplanar 
bilayers.   The  use  of  these  bilayer  systems  may  help  in  the  identification 
of  voltage  dependent  calcium  channels  in  the  sarcoplasmic  reticulum.   The 
studies  include  work  with  dystrophic  chicken  pectoralis  muscle  and  may  shed 
some  light  on  the  basic  pathological  changes  which  occur  in  the  disease. 
The  basic  aim  of  all  this  work  is  to  determine  the  molecular  basis  for  the 
release,  uptake,  and  storage  of  calcium,  which  is  now  known  to  be  the 
mediator  of  excitation-contraction  coupling  in  striated  muscle.   A  notable 
achievement  has  been  the  finding  that  the  sarcoplasmic  reticulum  contains 
a  potassium  and  sodium  channel  which  appears  to  be  randomly  dispersed 
throughout  the  reticulum  structure.   This  channel  appears  to  act  as  an 
independent  but  complementary  part  of  the  elctrogenic  calcium  transport 
system.   In  vitro  assembly  of  the  sarcoplasmic  reticulum  membrane  resulted 
in  random  orientation  of  calcium-ATPase  and  showed  that  it  is  surrounded 
by  an  annulus  of  rigid  lipid  at  low  but  not  at  physiological  temperatures. 
A  magnesium  or  calcium  activated  ATPase,  the  so-called  "basic"  ATPase  has 
been  found  to  be  associated  with  the  plasmalemma  and  T-system  membranes  of 
normal  skeletal  muscle.   Particulate  guanylate  cyclase  activity  was  found 
to  vary  with  calcium  concentration  and  its  activity  was  increased  five  to 
tenfold  in  dystrophic  chicken  pectoralis  muscle.   The  studies  are  compre- 
hensive and  imaginative  and  can  lead  to  important  advances  in  the  under- 
standing of  the  mechanisms  involved  in  excitation-contraction  coupling. 
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SKIN  DISEASES  RESEARCH  AND  TRAINING  PROGRAMS 

The  Skin  Diseases  Program  of  the  NIADDK  provides  research  support  for 
basic  and  clinical  studies  of  the  skin  in  normal  and  diseased  states.   Areas 
of  emphasis  include:   psoriasis  and  disorders  of  keratinizing  tissues;  vitiligo 
and  other  disorders  of  pigmentation;  photobiology ,  photo-allergy,  and  photo- 
toxic  reactions;  metabolic  studies  of  skin,  including  effects  of  hormones  and 
interaction  with  enzymes;  immunologically  mediated  cutaneous  disorders, 
including  atopic  dermatitis,  eczema,  contact  dermatitis,  and  vasculitis; 
bullous  diseases  of  the  skin,  including  pemphigus,  pemphigoid,  dermatitis, 
herpetiformis,  and  epidermolysis  bullosa;  acne  and  physiologic  activity  of  the 
sebaceous  gland;  disorders  of  hair  growth,  including  alopecia  areata;  and 
cutaneous  manifestations  of  connective  tissue  disease  disorders,  including 
lupus  erythematosus,  scleroderma,  and  pseudoxanthoma  elasticum. 

The  Skin  Diseases  Program  utilizes  many  funding  mechanisms,  including 
regular  research  grants,  career  development  awards.  Clinical  Investigator 
Awards,  New  Investigator  Research  Awards,  training  grants,  and  contracts. 

Increased  interest  and  research  findings  about  epidermolysis  bullosa 
brought  about  a  workshop  on  disease  mechanisms,  held  on  the  NIH  campus  in 
April  1981.   Investigators  from  divergent  specialties  with  interest  in  this 
uncommon  but  devastating  blistering  disease  met  to  define  the  clinical, 
genetic,  pathologic  and  nutritional  parameters  of  importance  as  they  pertain 
to  the  various  types  of  epidermolysis  bullosa  (EB)  .   These  include:   prenatal 
determination  of  predisposition  to  the  disease;  nutritional  deficiencies 
resulting  from  pathological  involvement  of  the  mouth  and  intestinal  tract; 
surgical  removal  of  the  mitten-like  enclosures  of  the  digits  which  are  some- 
times seen  in  advanced  cases  of  EB;  and  dental  care  of  EB  patients.   Proceed- 
ings of  the  workshop  will  be  published  later  this  year. 

The  Skin  Diseases  Program  also  contributed  significant  support  to  the 
Third  International  Symposium  on  Psoriasis  held  at  Stanford  University  in 
July  1981.   The  publ^ication  of  the  proceedings  is  likely  to  be  a  major 
resource  document  for  current  basic  and  clinical  information  on  psoriasis. 

Vitiligo 

The  second  year  of  a  major  research  initiative  into  vitiligo  has  been 
completed.   The  grant,  totaling  approximately  $2  million,  was  awarded  to  a 
consortium  comprised  of  Yale  University,  Howard  University,  Bryn  Mawn  College, 
the  University  of  Pennsylvania,  the  University  of  Massachusetts,  and  the 
Massachusetts  Eye  and  Ear  Infirmary.   The  overall  goals  of  the  investigators 
at  the  Yale  Medical  Center  are  to  find  the  cause  and  define  the  mechanisms 
which  produce  vitiligo  and  to  improve  the  therapy  for  patients.   They  will 
attempt  to  employ  the  processes  which  destroy  normal  pigment  cells  in 
vitiligo  to  treat  patients  with  metastatic  melanoma.   The  primary  objective 
at  Howard  University  has  been  to  develop  an  accurate  method  to  determine  8- 
methoxypsoralen  in  blood,  as  8-MOP  is  the  psoralen  used  to  stimulate 
repigmentation  in  vitiligo.   In  the  past  year,  the  Howard  University 
investigators  have  indeed  reported  a  reliable  and  reproducible  method  for  the 
determination  of  8-MOP  in  plasma,  serum,  or  whole  blood.   The  results  indicate 
that  a  fraction  of  8-MOP  is  bound  very  strongly  and  appears  to  be  released 
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intact  after  denaturation  and  partial  destruction  of  proteins.   The  sig- 
nificance of  this  work  is  that  a  simple  method  has  been  developed  which  is 
available  to  the  medical  and  scientific  community  to  establish  the 
relationship  between  dosage,  plasma,  or  blood  levels  of  8-MOP  and  the 
therapeutic  response  of  patients  to  photochemotherapy  for  vitiligo  and  for 
psoriasis.   The  possibility  of  the  existence  of  a  psoralen  binding  protein 
is  also  suggested. 

Researchers  at  the  Massachusetts  Eye  and  Ear  Infirmary  have  examined  the 
eyes  of  over  200  patients  with  vitiligo  and  observed  ocular  pigmentary 
abnormalities  in  approximately  one-third  of  these  patients.   The  changes 
frequently  include  discrete  areas  of  depigmentation  with  associated  pigment 
hyperplasia,  clinically  appearing  to  involve  the  choroid  and  retinal  pigment 
epithelium.   Some  patients  have  active  uveitis.   Fundus  appearance  in  a 
number  of  these  patients  suggests  a  disturbance  of  the  retinal  pigment 
epithelium. 

Investigators  at  the  University  of  Pennsylvania  are  examining  the 
psychosocial  effects  of  vitiligo.   Although  the  depigmenting  effect 
secondary  to  the  destruction  of  pigment  cells  causes  no  physical  impairment, 
it  does  leave  the  patient  cosmetically  disfigured,  which  is  especially 
severe  in  patients  with  dark  skin.   In  at  least  half  of  the  patients  studied, 
vitiligo  has  detrimentally  impacted  on  their  emotions,  their  ability  to 
interact  with  others  socially,  and,  in  some  instances,  to  obtain  the 
occupation  of  their  choice.   Additional  information  obtained  from  these 
individuals  will  be  used  to  improve  the  care  of  vitiligo  patients  by  their 
physicians . 

Investigators  at  the  University  of  Massachusetts  are  examining  inherited 
vitiligo  in  a  mutant  line  of  chicken  that  appears  to  develop  spontaneous 
amelanosis  and  related  thyroid  and  skin  defects.   There  are  eye  defects  as 
well.   Initial  studies  indicate  an  increasing  number  of  similarities  between 
this  disease  in  chickens  and  that  of  spontaneous  human  vitiligo.   Further 
studies  have  been  designed  to  reveal  the  basic  underlying  cause  behind  the 
defective  melanin  pigmentation  in  the  two  species. 

Photobiology 

The  emerging  discipline  of  photobiology  has  produced  new  data  on  the 
action  spectra  in  light-associated  diseases.   Photodermatoses  under  study 
include  xeroderma  pigmentosum,  lupus  erythematosus,  polymorphous  light 
eruption,  solar  urticaria,  actinic  reticuloid,  halogenated  salicylanilide 
photosensitivity  and  persistent  light  reactors,  psoralen  photosensitivity, 
and  porphyria.   Normal  minimal  erythema  dose  in  the  UVB  range  was  generally 
observed  in  polymorphous  light  eruption  and  lupus  erythematosus.   Maximum 
photosensitivity  occurred  in  solar  urticaria. 

Blistering  Diseases 

Disruption  at  the  epidermal-dermal  junction  occurs  as  the  primary 
pathology  in  dermatoses,  both  inherited  (epidermolysis  bullosa)  and 
inflammatory  (lupus  erythematosus  and  pemphigoid) .   Although  the  components 
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of  the  junctions  are  anatomically  well  defined,  little  is  known  about  their 
composion  or  biosynthesis  except  that  the  junction  structures  play  a  role  in 
attaching  epidermis  and  (fermis  and  may  function  as  a  barrier  to  the  movement 
of  large  molecules  and  cells  and  even  neoplastic  cells  between  the  epidermis 
and  the  dermis.   Thanks  to  the  recent  development  of  monoclonal  antibody 
production  techniques,  a  monoclonal  antibody  with  specificity  limited  to 
cells  in  the  basal  and  suprabasal  layer  of  the  human  epidermis  was  produced 
by  investigators.   The  investigators  used  immuno-electron  microscopy,  and 
found  the  monoclonal  antibody  concentrated  in  the  sub-basal  lamina  area 
specifically  associated  with  anchoring  fibrils.   Significant  advances  in  the 
isolation  and  characterization  of  the  structures  of  the  epidermal-dermal 
junction  should  result  from  further  studies. 

Pharmacology 

Topical  glucocorticoid  therapy  is  the  mainstay  of  treatment  of  many 
dermatologic  diseases.   A  significant  research  project  attempts  to  demon- 
strate a  functioning  glocucorticoid  hormone  receptor  system  in  human  skin 
and  to  correlate  this  function  of  the  system  with  the  response  of  dermatoses 
to  topical  glucocorticoid  therapy.   Understanding  of  steroid  and  sterol 
sulfate  metabolism  in  epidermis  should  provide  important  insights  into 
normal  stratum  corneum  shedding  and  aberrations  of  this  process  manifested 
as  scaling  dermatoses  (e.g.,  psoriasis,  ichthyosis). 

Psoriasis 

The  objective  of  some  of  the  recent  psoriasis  research  projects  is  to 
determine  whether  the  skin  of  patients  with  psoriasis  is  inherently  dis- 
ordered.  There  is  much  evidence  to  suggest  that  both  the  involved  and 
uninvolved  skin  of  patients  with  psoriasis  appears  to  be  equally  affected, 
based  on  epidermal  proliferation  rates.   By  transplanting  normal  human  skin 
and  psoriatic  skin  to  congenitally  athymic  mice,  grantees  have  taken 
advantage  of  a  biologic  support  system,  devoid  of  humeral  factors,  wherein 
the  usual  structural  as  well  as  differentiation  and  proliferation  features 
inherent  to  human  epidermis  persist.   Using  this  system,  grantees  are 
comparing  epidermal  proliferation  of  the  transplanted  involved  and  uninvolved 
skin  of  psoriatic  subjects  with  transplanted  skin  of  normal  subjects, 
relative  to  time.   In  addition,  it  will  be  possible  to  determine  whether 
topical  corticosteroids  suppress  the  abnormal  epidermal  proliferative 
response  inherent  to  skin  after  it  has  been  transplanted. 

Acne 

A  dramatic  response  of  severe  and  treatment-resistant  cases  of  cystic  and 
conglobate  acne  occurring  following  the  use  of  oral  13-cis-retinoic  acid  was 
reported  last  year.   The  mechanism  proposed  for  this  action  is  the  marked 
inhibition  of  the  synthesis  of  sebum,  the  secretory  product  of  the  sebaceous 
gland  which  plays  a  major  role  in  the  pathogenetic  sequence  leading  to 
inflammation  in  acne.   The  original  group  of  patients  has  now  been  followed 
for  over  three  years  and  has  maintained  the  clinical  improvement,  although 
some  of  them  have  required  a  second  course  of  treatment.   Several  of  the 
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patients  have  continued  to  have  suppression  of  sebaceous  gland  activity, 
which  is  supportive  of  the  theory  that  the  major  activity  of  this  drug  is 
mediated  through  sebaceous  gland  inhibition.   Recently  a  more  extensive  study 
has  been  conducted  to  compare  13-cis-retinoic  acid  with  an  aromatic  deriva- 
tive (Ro-10-9359)  which  appears  to  be  extremely  effective  in  controlling 
psoriasis.   I'Jhen  administered  in  an  equal  dose  the  aromatic  derivative  is 
approximately  one-third  as  potent  as  13-cis-retinoic  acid  in  inhibiting 
sebaceous  gland  function..   This  finding  is  of  extreme  importance,  for  it 
indicates  that  there  is  molecular  specificity  in  the  action  of  the  retinoids 
administered  orally,  and  that  it  is  possible  that  other  retinoids  will  be 
found  that  will  be  equally  effective  with  fewer  side  effects. 


1113 


MUSCULOSKELETAL  DISEASES  RESEARCH  A^N'D  TRAINING  PROGRAMS 


The  Musculoskeletal  Diseases  Program  supports  basic  and  clinical 
research  on  the  various  components  of  the  musculoskeletal  system  in  normal 
and  diseased  states.   Utilizing  funding  mechanisms  such  as  regular  research 
grants,  career  development  awards,  training  grants,  and  contracts,  the  budget 
for  these  programs  was  approximately  16. A  million  in  FY  81,  supporting 
nearly  200  active  grants.   However,  budgetary  constraints  and  inflation, 
have  led  to  funding  of  a  limited  number  of  the  most  meritorious  projects. 

The  training  and  manpower  development  aspects  of  the  program  have  in- 
creased slightly  during  the  past  year.   The  Clinical  Investigator  Awards 
are  maintained  at  a  constant  level  with  little  encouragement  for  increased 
numbers  in  future  years.   In  general,  the  training  profile  continues  to  be 
a  positive  indicator  for  the  development  of  future  researchers. 

Workshops  and  conferences  in  currently  important  topics  represent  a 
unique  opportunity  to  exchange  scientific  results  and  stimulate  new  research. 
All  conferences  have  been  sponsored  in  collaboration  with  other  Institutes 
of  NIH  or  private  organizations. 

The  major  meeting  of  FY  81  was  a  Workshop  on  Idiopathic  Low  Back  Pain. 
From  50  to  80  percent  of  the  population  report  experiencing  some  low  back 
pain.   The  total  economic  burden  of  this  problem  exceeds  SIO  billion. 
Scientists  from  several  disciplines  presented  papers  and  held  discussions  on 
five  aspects  of  low  back  pain  research:   epidemiology,  anatomy,  biomechanics, 
biochemistry,  and  neuromechanisms .   Five  panels  were  convened  to  summarize 
the  key  points  of  each  section  and  propose  directions  for  future  research. 
A  book  and  journal  article  will  be  published  as  the  result  of  this  workshop. 

A  conference  was  held  on  the  organic  matrix  of  mineralized  tissues, 
where  the  production  of  and  interrelationships  between  collagen,  proteo- 
glycan, and  other  proteins  were  discussed.   Researchers  exchanged  views 
about  the  role  of  these  organic  substances  in  the  mineralization  and  re- 
modelling processes.   As  in  past  years,  a  Gordon  Conference  on  Bone  and 
Teeth  was  supported  to  promote  interchange  among  leading  scientists. 
Osteoporosis  was  the  subject  of  a  large  symposium  concerning  the  etiology, 
epidemiology,  diagnosis,  and  current  treatment  of  this  metabolic  bone 
disease. 

A  new  contract  was  initiated  to  assist  in  the  management  and  facilitate 
supporting  services  for  an  Evaluation  of  the  Musculoskeletal  Diseases 
Program.   Panels  of  scientific  and  management  experts  will  evaluate  the  past 
performance  of  the  program  and  recommend  revised  goals  and  objectives  to 
improve  future  program  direction.   The  evaluation  will  require  about  two 
years  to  complete. 
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Basic  Bone  Research 

The  bone  research  component  of  the  Musculoskeletal  Diseases  Program 
includes  projects  on  the  growth,  structure,  metabolism,  and  mineralization 
in  both  normal  and  abnormal  bone.   Basic  studies  form  a  foundation  upon 
which  clinical  advances  will  develop  in  the  future. 

Many  scientists  are  studying  various  aspects  of  the  growth  and 
structure  of  bone.   At  Pennsylvania  State  University,  research  is  progressing 
on  the  role  of  carbonic  anhydrase  which  occurs  in  large  quantities  in 
osteoclasts  during  resorption  and  calcification.   It  is  possible  that 
carbonic  anhydrase  inhibition  could  be  used  in  treating  osteoporosis. 

Investigators  at  Montefiore  Hospital  in  New  York  City  are  exploring 
the  structure  of  epiphyseal  growth  plate  cartilage.   Using  improved  methods 
and  sophisticated  immunoelectronmicroscopy ,  they  have  provided  for  the  first 
time  direct  evidence  in  support  of  aggregation  of  cartilage  proteoglycans 
in  the  extracellular  matrix.   To  unravel  the  process  by  which  cartilage 
can  be  mineralized  into  bone,  this  group  is  also  studying  link  protein  from 
proteoglycan  aggregates.   These  properties  of  link  protein  are  of  interest 
because  proteoglycan  aggregates  inhibit  mineralization  and  chondrocytes  from 
the  aggregates  can  be  modified  to  abolish  the  inhibition  of  mineralization. 

A  University  of  Pennsylvania  grantee  is  exploring  the  optimal  electrical 
parameters  for  stimulation  of  growth  in  the  epiphyseal  plate.   The  study  has 
shown  that  CAMP  acts  on  chondrocytes  in  the  growth  plate  by  stimulating  pro- 
liferation and  depressing  differentiation.   This  study  can  be  useful  in 
treating  children  with  congenital  abnormalities  or  trauma  causing  unequal 
leg  lengths. 

A  grantee  from  Children's  Hospital  Medical  Center  in  Boston  has  shown 
that  the  earliest  solid  phase  Ca-P  deposits  into  cartilage  are  in  the  form 
of  brushite  (CaHPO^ZHjO)  and  only  later  when  there  is  increased  maturation 
is  there  deposition  of  poorly  crystalline  hydroxyapatite.  Changes  in  x-ray 
diffraction  patterns  which  occur  as  a  function  of  maturation  are  probably 
not  due  to  an  amorphous  phase  as  previously  thought  but  more  likely  due  to 
crystallinity  of  hydroxyapatite  and  to  the  presence  of  brushite. 

Several  new  basic  bone  studies  are  being  initiated.   One  investigation 
will  attempt  to  characterize  and  isolate  a  growth  factor  from  rat  calvaria 
which  stimulates  bone  DNA  and  collagen  synthesis.   Another  grantee  will  look 
at  the  effects  of  hormones,  especially  insulin  and  l,25(OH)2D3,  a  metabolite 
of  Vitamin  D,  on  bone  collagen  metabolism.   A  third  study  will  synthesize 
fluorinated  diphosphonates  and  test  these  compounds  as  inhibitors  of  bone 
resorption  for  use  in  disorders  such  as  Paget 's  Disease. 

The  Musculoskeletal  Diseases  Program  provides  extensive  support  for 
basic  studies  on  the  relation  between  bone  metabolism  and  mineralization. 
A  researcher  from  the  University  of  Arizona  is  studying  the  actions  of 
l,25(OH)-,D-.  on  target  cells  in  kidney,  pancreas,  pituitary  and  mammary  glands. 
This  work  helps  characterize  the  mechanism  of  action  of  steriods  in  control- 
ling gene  expression  and  the  active  transport  of  calcium.   It  can  lead  to 

1115 


treatment  for  renal  osteodystrophy,  hypoparathyroidism,  osteoporosis  and 
vitamin  D  resistant  rickets. 

A  few  years  ago  researchers  discovered  a  protein  in  bone  (osteocalcin) 
which  contains  a  vitamin  K  dependent  calcium  binding  amino  acid,  Y  carboxy 
glutamic  acid  (Gla) .   Since  then  numerous  groups  have  studied  its  function 
and  metabolism.   The  group  at  Children's  Hospital  Medical  Center  in  Boston 
has  discovered  that  (1)  a  precursor  of  osteocalcin  exists,  (2)  the  Gla 
level  in  pathological  conditions  is  ten  fold  that  of  normal  which  suggests 
a  fundamental  role  of  Gla  protein  in  pathologic  deposition  of  calcium  and 
(3)  the  Gla  content  of  rachitic  bone  was  higher  than  normal  in  unmineralized 
osteoid  and  approached  normal  in  mineralized  bone.   Using  a  sensitive 
method  for  measuring  Gla  in  urine,  this  group  has  shown  high  levels  in 
children  which  decrease  with  age.   However,  in  osteoporosis,  the  levels 
are  elevated. 

At  the  University  of  California,  San  Diego,  a  scientist  has  devised  a 
radio-immunoassay  for  human  bone  Gla.   Studies  show  the  highest  levels  of 
this  protein  in  Paget 's  Disease,  hyperparathyroidism,  osteodystrophy  and 
osteopenia.   It  is  a  useful  tool  in  the  biochemical  assessment  of  the 
skeleton.   Also  shown  was  that  Gla,  which  plays  a  role  in  fracture  repair 
as  well  as  bone  structure,  has  its  synthesis  regulated  by  l,25(OH2D2).   This 
is  the  first  bone  specific  protein  whose  synthesis  is  increased  by  an  active 
metabolite. 

The  role  of  the  matrix  vesicle  (MV)  in  calcification  is  an  important 
step  in  mineralization.   A  group  at  the  University  of  South  Carolina  has 
discovered  matrix  vesicles  are  devoid  of  mitochrondria,  lysozomal  and 
endoplasmic  reticular  enzymes,  and  possesses  characteristics  of  plasma 
membranes.   Differences  in  amount  of  phospholipid  of  the  vesicles  suggests 
modification  of  membrane  components  during  formation.   The  mineral  content 
of  IIV's  is  labile  and  vulnerable  to  release  which  causes  a  reduction  in 
calcif iabillty    Alkaline  phosphatase  acts  as  a  binding  agent  or  transport 
protein.   Gla  is  not  involved  in  >!\^  mineral  loading. 

A  grantee  from  Washington  University  in  St.  Louis  studying  circadian 
variations  found  deposition  of  mineral  in  MV  usually  occurs  12  hours  after 
production  of  matrix.   Cartilage  matrix  formation  appears  during  the  day; 
mineralization  usually  peaks  at  night.   This  explains  difficulties  demon- 
strating MVs  in  cartilage  undergoing  mineralization. 

A  group  from  the  University  of  California,  San  Diego,  while  studying 
the  effects  of  gonadal  steriods  on  calcitonin  secretion  showed  that  normal 
females  are  calcitonin  deficient  compared  to  males  and  both  sexes  show  an 
age-related  decrease  in  this  hormone.   These  findings  could  play  a  role  in 
the  etiology  and  pathogenesis  of  age  and  sex-related  loss  of  bone  mass  in 
humans. 
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Acquired  and  Inherited  Bone  Diseases 

Many  investigators  are  focusing  clinical  research  directly  on  one  or 
more  particular  disease.   All  aspects  of  a  disease  process  may  be  considered, 
such  as  etiology,  diagnosis,  prevention,  and  treatment. 

The  Musculoskeletal  Diseases  Program  prepared  and  distributed  a 
Request  for  Applications  on  a  Clinical  Trial  of  Fluoride  in  Osteoporosis. 
Two  grantees  were  awarded  for  studies  of  approximately  200  patients  each. 
Based  on  fracture  incidence  in  populations  matched  for  age  and  sex,  studies 
should  yield  statistically  valid  safety  and  efficacy  data  on  this  fluoride 
therapy. 

Other  studies  on  osteoporosis  are  also  being  supported.   An  investigator 
at  Creighton  University  is  in  the  fifteenth  year  of  a  20-year  longitudinal 
study  of  females  in  the  peri-menopausal  period.   Results  will  not  be 
available  until  the  completion  of  the  study.   However,  current  correlatory 
studies  indicate  calcium  absorption  is  normal  in  this  population.   A  grantee 
at  Texas  Women's  University  has  recently  completed  a  20-year  follow-up 
survey  of  individuals  by  comparing  bone  density,  diet  histories  and  bio- 
chemical determinations.   Preliminary  results  show  that  in  the  female  there 
is  a  significant  positive  correlation  between  bone  mass  and  original  dietary 
intake  of  protein,  calcium  and  phosphorous.   No  similar  correlation  exists 
with  the  present  diet. 

An  epidemiological  study  is  underway  at  the  Mayo  Clinic  relating  bone 
loss  during  aging  with  fracture  incidence.   Studies  show  mean  bone  density 
is  lower  in  patients  with  osteoporosis  than  in  age  and  sex-matched  normals. 
By  65  years,  half  the  normal  women  have  bone  mineral  values  low  enough  to 
be  classified  as  osteoporotic. 

An  investigator  at  the  University  of  Pittsburgh  is  assessing  bone  loss 
via  CT  scanning  and  correlating  it  with  life  style.   The  purpose  is  to 
determine  if  increasing  exercise  retards  onset  of  osteoporosis.   A  grantee 
from  Indiana  University  is  looking  into  skeletal  abnormalities  in  diabetics. 
Preliminary  studies  show  that  diminished  bone  mass  is  inversely  related  to 
the  duration  of  the  disease.   These  results  suggest  that  impaired  endosteal 
cortical  growth  may  be  the  cause  of  the  decreased  bone  mass.   At  Washington 
University  in  St.  Louis,  a  grantee  has  a  new  diabetic  rat  model  which  relates 
closely  to  the  pattern  of  disease  growing  children  who  have  insulin 
dependent  diabetes  mellitus  in  regard  to  bone  metabolism. 

Two  other  acquired  bone  diseases  are  being  investigated.   A  grantee 
from  Duke  University  is  studying  x-linked  hypophosphatemic  rickets  and 
delving  into  the  abnormality  of  vitamin  D  metabolism  as  a  pathologic  factor 
related  to  impaired  renal  tubular  reabsorption  of  phosphate. 

Another  investigator  from  Children's  Hospital  in  Philadelphia  is 
looking  into  vitamin  D  therapy  in  renal  osteodystrophy  of  children.   Pilot 
studies  show  a  beneficial  effect  of  25(OH)D3,  a  vitamin  D  analog,  upon 
linear  growth,  parathyroid  hormone  and  bone  histology  of  children  with  the 
disease.   Additional  studies  imply  it  may  take  a  combination  of  vitamin  D 
metabolites  to  heal  the  complex  bone  abnormalities. 
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Several  inherited  bone  diseases  are  being  explored  through  research 
funded  by  NIADDK.   They  include  osteogenesis  imperfecta  (01)  and  Ehlers  Danlos 
as  well  as  genetic  bone  dysplasias.   A  Children's  Hospital  Medical  Center 
(Boston)  researcher  found  that  in  Ehlers  Danlos  sub  Type  II  hydroxy lysine, 
an  amino  acid  restricted  to  collagen,  is  almost  missing  in  skin  collagen  and 
reduced  in  other  tissues.   This  abnormal  linking  in  collagen  is  thought 
responsible  for  the  weak  connective  tissue.   In  addition,  two  defect  variants 
are  known  in  Ehlers  Danlos:  (1)  defective  structural  gene  from  proc<.  2 
collagen  and  (2)  defective  N-terminal  pro  collagen  peptidase.   These  defects 
are  important  for  prenatal  diagnosis  of  the  disease  and  to  help  unravel  the 
normal  biology  of  collagen.   In  their  studies  of  01,  the  Children's  Hospital 
group  discovered  that  bone  from  the  tibia  of  an  01  patient  contained  two  to 
three  times  the  hydroxy lysine  content  of  controls.   This  finding  indicates 
a  defect  in  type  I  collagen.   An  investigator  from  Johns  Hopkins  University 
is  delving  into  the  genetic  heterogeneity  of  osteogenesis  imperfecta.   These 
studies  support  the  hypothesis  that  there  are  two  dominant  01  syndromes  based 
on  the  presence  or  absence  of  dental  abnormalities.   There  is  no  increase  in 
frequency  of  stillboms  or  interuterine  fractures  in  dominately  inherited  01. 
Individuals  with  01  are  taller  than  average.   Also,  hearing  loss,  if  present, 
in  younger  individuals  is  conductive  but  becomes  sensorineural  in  later  life. 

Osteoarthritis  and  Joint  Replacement 

Normal  and  diseased  cartilage  is  being  studied  to  elucidate  the  osteo- 
arthritic  process.   Research  continues  on  both  biochemical  and  biomechanical 
phenomena  and  the  interrelationship  between  them.   The  biomechanical  investi- 
gations measure  and  model  joint  forces,  geometry,  properties,  and  lubrica- 
tion. 

Two  studies  headed  by  investigators  of  Rensselaer  Polytechnic  Institute 
are  investigating  the  correlations  between  mechanical,  electrical,  and 
biochemical  effects  on  cartilage.   Cadaver  and  animal  tissue  samples,  either 
normal  or  diseased,  are  utilized.   Stress  and  stress  rate  under  uniform 
strain  are  influenced  by  ionic  concentration  in  the  surrounding  medium. 
Internally  generated  electromechanical  forces  shield  matrix  charge  groups 
and  lead  to  greater  energy  dissipation.   A  new  technique  permits  simul- 
taneous measurement  of  shear  modulus,  elastic  modulus,  and  permeability  from 
a  single  experiment.   The  shear  properties  of  cartilage  can  now  be  correctly 
attributed  to  the  biphasic  collagen  and  proteoglycan  interaction. 

Other  mechanical  testing  of  cartilage  is  based  on  force  and  pressure 
measurements  on  intake  whole  joint.   Promising  work  at  the  University  of 
Pittsburgh  uses  flexible  wafer-thin  pressure  transducers  inserted  into  fresh 
cadaver  knee  joints.   Researchers  at  Beth  Israel  Hospital  in  Boston  have 
developed  unique  viscoelastic  and  shear  measuring  capabilities  for  cartilage. 
Large  differences  exist  in  shear  properties  from  normal  and  fibrillated 
cartilage  areas.   The  decrease  in  shear  modulus  occurs  before  biochemical 
changes  (e.g.  uronic  acid)  can  be  noted.   Investigators  from  the  West 
Virginia  University  have  proposed  a  two-phase  etiology  for  osteoarthritis. 
First,  fribillation  is  initiated  over  areas  where  there  are  gradients  of 
high  stiffness  in  underlying  bone;  then  the  disease  progresses  primarily 
in  areas  whth  high  stiffness  subchondral  bone.   This  theory  was  demonstrated 
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in  sheep  which  developed  osteoarthritis  subsequent  to  walking  on  concrete 
runways . 

Biochemical  studies  deal  with  the  production  and  degradation  of 
cartilage  tissue.   Many  of  the  degradive  enzjrmes  and  prostaglandins  assumed 
to  be  contributory  to  osteoarthritis  are  endogenous  to  normal  cartilage  cells. 
At  Rush-Presbyterian-St.  Lukes   Hospital  in  Chicago,  an  in- vitro  chondrocyte 
culture  was  established  that  did  not  permit  phenotypic  alteration.   Lysozyme 
and  collagenase  were  produced  in  this  isolated  environment.   Investigators 
have  proposed  a  positive  feedback  cycle  of  prostaglandin  release  inducing 
further  release  of  prostaglandins  as  a  mechanism  to  explain  the  chronicity 
of  arthritis  episodes. 

Joint  replacement  research  is  often  directly  related  to  studies  on  loco- 
motion and  osteoarthritis.   Many  of  the  mathematical  analyses  and  experimen- 
tal models  of  joints  are  scientifically  relevant  in  normal,  diseased,  and 
replacement  status. 

Diagnosing  the  condition  of  a  joint  before  and  after  replacement  surgery 
is  important  to  proper  clinical  management  of  patients.   At  the  Mayo  Clinic 
a  mechanical  knee  testing  apparatus  has  been  utilized  on  200  artificial  knee 
patients.   Replacements  with  patello-femoral  components  were  found  to  perform 
better  than  those  without  them.   These  results  were  substantiated  by  gross 
clinical  changes  occurring  later.   In  general,  the  automated  measurement 
and  analysis  system  was  judged  more  accurate  than  routine  clinical  examina- 
tion.  Other  investigators  have  demonstrated  that  as  compared  to  normals, 
knee  prosthesis  patients  have  shorter  stride  length,  less  knee  flexion  and 
abnormal  torque  about  the  knee  and  ankle.   Recent  experimental  procedures 
developed  at  the  Hospital  for  Special  Surgery  in  New  York  may  allow  acoustic 
emission  tests  to  identify  early  loosening  of  implant  devices.   Preliminary 
tests  of  this  device  have  identified  large  differences  between  well  fixed 
and  loose  hip  replacement  implants. 

Joint  loosening  remains  the  leading  cause  of  implant  failure. 
Investigators  at  UCLA  always  observe  a  cellular  response  at  the  bone-cement 
interface.   With  good  penetration,  a  fine  membrane  with  macrophages  appears, 
but  with  poor  penetration,  the  typical  result  is  a  thick  fibrous  membrane 
with  eventual  loosening.   Bone  ingrowth  without  cement  was  successful  with 
sintered  cobalt  beads  but  not  with  other  porous  materials  tested.   A  new 
study  at  the  University  of  South  Carolina  has  demonstrated  good  shear 
strength  and  early  bone  in-growth  with  porous  plastic  coated  prostheses. 
Another  researcher  has  shown  that  pre-coating  the  prosthetic  stem  with 
cement  yields  a  simplified  surgical  procedure  and  improved  strength. 

Infection  and  toxic  reaction  to  implants  and  wear  products  are  potential 
causes  of  long  or  short  term  failure.   At  the  University  of  Florida, 
scientists  have  determined  the  minimum  quantities  of  bacterial  infiltration 
that  will  lead  to  infection  and  eventual  loosening.   Other  investigators  are 
tracing  the  path  of  intermediate  organo-metallic  compounds  as  they  proceed 
from  the  implant  site  to  other  body  organs.   A  study  at  Rush-Presbyterian- 
St.  Lukes  Hospital  in  Chicago  has  shown  a  high  rate  of  tumorgenesis  with  one 
metallic  alloy,  MP  35N.   Additionally,  they  developed  new  methods  for  trace 
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metal  identification.   The  improved  technique  indicates  less  concentration 
of  trace  metals  than  previously  reported. 

At  the  University  of  California,  Davis,  a  relatively  simple  test  for 
metal  allergy  has  been  developed.   The  leukocyte  migration  test  shows  about 
24fo  of  patients  are  sensitive  although  not  all  are  highly  reactive.   Upon 
implant  removal,  many  reactions  were  shown  to  be  reversed.   Thrombus  for- 
mation is  a  frequent  complication  of  surgery  for  hip  replacement.   A 
recently  initiated  study  at  Temple  University  in  Philadelphia  will  measure 
the  subtle  and  gross  vascular  changes  such  as  increased  permeability  and 
excessive  vasodilitation. 

Fracture  Healing 

Research  on  bone  healing  encompasses  both  basic  and  applied  science. 
Grantees  from  the  Hospital  for  Special  Surgery  in  New  York  are  looking  into 
biochemistry  of  the  healing  process.   Their  research  of  healing  callus 
shows:  (1)  an  early  hexosamine  rise  represents  proteoglycan  formation;  (2) 
high  Ca/P  ratio  followed  by  apatite  formation  indicates  binding  of  calcium 
to  proteoglycan;  and  (3)  changes  in  phospholipid  content  are  most  abundant 
during  mineral  accumulating  activity. 

A  group  at  the  Mayo  Clinic  is  conducting  several  projects  on  the  trans- 
port of  substances  into  bone.   Studies  in  canines  show  that  insertion  of 
methyl  methacrylate  inhibits  fracture  healing,  decreases  blood  flow  and 
increases  the  incidence  of  infections.   Fractures  fixed  with  plates  vs. 
medullary  rods  indicate  slower  healing  occurred  on  the  rod  side.   Indicator 
dilution  techniques  revealed  the  mechanism  of  increased  blood  flow  to 
fracture  site  is  due  to  recruitment  of  capillaries  and  cells  of  bone. 

Another  study  at  Mayo  shows  that  bactericidal  concentrations  of  anti- 
microbial agents  must  reach  intersitial  fluid  space,  which  is  the  site  of 
drug-organisms  interaction.   Interstitial  fluid  concentration  of  antibiotic 
in  both  normal  and  osteomyeletic  bone  may  be  measured  via  serum  assays. 
Lastly,  a  blood-bone  barrier  does  not  exist.   B-lactam  and  amino-glycoside 
antibiotics  can  cross  the  capillary  membrane  in  normal  and  osteomyeletic 
osseous  tissue. 

Bone  mechanical  loading  and  biological  remodeling  are  under  study  by  a 
Massachusetts  General  Hospital  group.   Several  characteristics  of  bone 
discovered  by  this  group  are:  (1)  human  cortical  bone  has  poor  fatigue 
resistance;  (2)  monotomic  fracture  behavior  and  fatigue  fracture  are  con- 
trolled by  strain  rather  than  stress;  (3)  bone  fatigue  damage  accumulation 
is  physiologic  rather  than  pathologic;  and  (4)  bone  losi  is  sensitive  to 
small  changes  in  bone  stress. 

Electrical  stimulation  devices  for  clinical  use  in  fracture  management 
for  nonunions,  failed  unions,  and  psuedo-arthrosis  were  approved  by  the 
FDA  last  year.   A  group  at  Columbia  University,  utilizing  external  electro- 
magnetic stimulation  coils,  has  shown  that  immobilization  and  non-weight 
bearing  increases  the  likelihood  of  successful  healing  on  adults.   In 
studying  radiographically  this  repair  process,  it  appears  that  the  early 
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"clouding"  of  the  gap  region  is  probably  related  to  mineralization  of  bone 
flanking  the  gap  and  to  active  bone  resorption  associated  with  vascular  in- 
vasion of  the  gap. 

Studies  at  the  University  of  Pennsylvania,  exploring  the  basic  biology 
of  electromagnetically  induced  current,  found  that  the  levels  previously 
effective  in  inducing  osteogenesis  do  not  produce  significant  increases 
in  stiffness  in  stimulated  callus.   Their  device  consists  of  a 
trancutaneous  cathode  at  the  fracture  site  and  a  skin  anode  several  inches 
away.   They  studied  the  changes  in  the  medullary  canal  cells  in  the  vicinity 
of  the  cathode.   There  was  initial  calcification  along  the  collagen  fibrils 
and  in  lipid  bodies  in  the  matrix.   In  addition,  they  found  stress  generated 
potentials  in  callus  as  early  as  four  days  following  fracutre. 

Investigators  at  the  University  of  California,  Riverside,  studying 
electrical  stimulation  at  the  cellular  level  discovered  osteoblasts  grown 
in  the  presence  of  pulsed  electro  magnetic  fields  noticeably  increased 
collagen  synthesis  and  cell  proliferation.  The  effects  of  parathyroid 
hormone  (PTH)  and  osteoclast  activating  factor  (OAF)  were  abolished  by 
the  electrical  stimuation  but  effects  of  1,25(0H)2D3  were  not  changed. 
These  data  suggest  a  membrane  localized  mechanism  for  electrical  fields. 
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MULTIPURPOSE  ARTHRITIS  CENTERS  PROGRAM 

Overview 

The  Multipurpose  Arthritis  Centers  Program  is  currently  at  a  level  of 
twenty-three  Centers  located  in  eighteen  states.   The  NIADDK  initiated 
the  Arthritis  Centers  Programs  in  Fiscal  Year  1977  with  awards  totaling 
$2.5  million  to  15  institutions.   Awards  were  ma^'e  to  nine  additional 
Centers  in  1978  and  1979  and  one  new  Center  in  1980.   In  Fiscal  Year  1981, 
the  Institute  directed  approximately  $7.6  million  toward  the  Centers 
active  during  the  year.   The  average  size  of  an  Arthritis  Center  during 
Fiscal  Year  1981  was  approximately  $363,000  total  costs. 

Activities  in  the  Centers 

The  Arthritis  Centers  conduct  activities  in  three  areas:   basic  and/or 
clinical  research,  educational  activities  and  community  demonstration 
projects.   Most  of  the  projects  underway  could  not  have  been  started 
without  the  interaction  of  individuals  brought  together  under  the  aegis 
and  support  of  the  Arthritis  Center  grants.   Examples  of  major  efforts  of 
the  centers  include  research  into  the  genetic  basis  of  arthritis;  new 
advances  in  health  services  research,  such  as  cost-effectiveness  studies 
and  analysis  of  disability;  comprehensive  education  of  allied  health  pro- 
fessionals; and  research  into  the  best  methods  of  delivering  arthritis 
health  care  to  those  least  able  to  contain  it,  i.e.,  the  home-bound 
individual  and  the  resident  of  the  inner  city.   In  addition,  many  of  the 
Centers  have  programs  dealing  with  problems  of  arthritis  in  children,  a 
particularly  tragic  form  of  the  disease. 

Research  Component  .■Activities 

It  is  expected  that  a  Multipurpose  Arthritis  Center  will  have  a  strong 
component  of  biomedical  research.   Center  grant  support  is  intended  to 
complement  traditional  research  grant  support  in  a  given  institution  in 
order  to  establish  related  special  projects  and  stimulate  the  development 
of  new  research  projects.   Consequently,  each  potential  Multipurpose 
Arthritis  Center  is  expected  to  be  receiving  research  grant  support  for 
basic  and/or  clinical  biomedical  research  related  to  rheumatic  diseases 
as  a  prerequisite  for  center  grant  award. 

Research  projects  supported  by  center  grant  funds  are  almost  exclusively 
developmental  and  feasibility  studies.   These  studies  are  designed  to 
encourage  investigators  to  explore  interdisciplinary  and  highly  innovative 
scientific  approaches  which  may  later  form  the  basis  of  applications  for 
traditional  research  grant  awards  from  the  National  Institutes  of  Health 
or  other  agencies. 

As  part  of  a  comprehensive  study  of  the  genetics  of  the  rheumatic  diseases, 
the  center  located  at  the  Johns  Hopkins  University  in  Baltimore  is  attempting 
to  determine  predisposition  to  various  rheumatic  diseases  in  two  .highly 
inbred  populations:   the  Old  Order  Amish  and  the  Mille  Lacs  Band  of  Chip- 
pawas.   The  Amish  are  an  especially  appropriate  group  for  studies  of  this 
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nature  since  they  are  a  genetically  closed  population  (anyone  marrying 
outside  the  Amish  faith  is  excommunicated) .   Their  gene  pool  is  also 
relatively  small  since  the  entire  population  originates  from  only  about 
200  individuals  who  came  to  the  United  States  in  the  eighteenth  century. 
Extensive  genealogical  histories  are  also  available.   The  diseases  being 
studied  include  rheumatoid  arthritis,  the  spondylitic  disorders  and 
psoriatic  arthritis.   The  aims  of  the  project  are:   (1)   to  elucidate  the 
genetic  mechanisms  responsible  for  the  susceptibility  of  given  populations 
to  various  rheumatic  disorders,  and  (2)   to  investigate  any  environmental 
factors  that  may  explain  the  increased  frequency  of  the  diseases  in  these 
populations.   The  researchers  are  particularly  interested  in  studying 
antigens  —  substances  that  stimulate  the  production  of  antibodies  by  an 
organism's  immune  system.   Initial  immunologic  studies  have  shown  that  a 
specific,  genetically  determined  antigen  (HLA-B27)  occurs  at  a  frequency 
of  about  22  percent  in  the  Chippawas  but  only  2.2  percent  in  the  Amish. 
Significantly,  the  distribution  of  rheumatic  diseases  is  different  in  both 
these  populations.   These  genetic  studies  represent  a  unique  resource,  since 
inbreeding  in  human  populations  is  uncommon  and  observations  over  many 
generations  is  extraordinarily  difficult,  if  not  impossible.   Thus,  popu- 
lations with  a  small  gene  pool  and  limited  environmental  variability  could 
yield  important  information  about  the  association  between  antigens  and 
rheumatic  diseases. 

Other  research  on  the  association  of  genetics  with  susceptibility  to 
rheumatic  diseases  is  underway  at  the  University  of  Alabama  Multipurpose 
Arthritis  Center  in  Birmingham.   Studies  center  on  antigens,  particularly 
"DR  antigens,"  which  are  found  on  the  surface  of  certain  types  of  immune 
cells.   Individuals  possessing  these  antigens  appear  to  have  an  increased 
risk  of  developing  some  rheumatic  diseases.   As  a  first  step  in  proceeding 
with  these  investigations,  the  center  is  attempting  to  purify  these  anti- 
gens and  produce  antibodies  against  them.   Once  this  is  completed,  it  may 
be  possible  to  classify  these  antigens  with  greater  specificity  and  find 
some  that  are  directly  associated  with  specific  rheumatic  disorders.   In 
addition,  the  purified  antigens  will  be  used  to  study  the  interactions  of 
cells  in  the  immune  system  and  the  role  they  play  in  disease  susceptibility. 

The  center  at  the  Indiana  University  School  of  Medicine  conducts  basic 
investigations  into  many  aspects  of  degenerative  joint  disease  (osteo- 
arthritis), with  special  emphasis  on  the  mechanisms  of  articular  cartilage 
destruction  and  repair.   Researchers  hypothesize  that  dysfunction  of  the 
sensory  articular  nerves  may  lead  to  joint  damage  as  a  result  of  the  loss 
of  protective  muscular  reflexes.   To  test  this  hypothesis,  they  surgically 
cut  the  major  afferent  nerves  to  the  knee  of  dogs  and  subsequently  observed 
biochemical  changes  typical  of  early  osteoarthritis  in  the  animals.   More 
long-term  studies  are  now  underway  to  determine  if  nerve  transection  also 
leads  to  morphological  changes  associated  with  the  disease,  or  if  it  is 
merely  limited  to  transient  biochemical  alterations. 

Clinical  studies  are  also  being  conducted  at  several  centers.   The  center 
at  the  University  of  Michigan  in  Ann  Arbor  is  involved  in  measuring  the 
binding  of  the  steroid  prednisolone  to  plasma  in  the  serum  of  patients 
with  rheumatoid  arthritis  (RA)  and  systemic  lupus  erythematosus  (SLE) ,  as 
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well  as  in  normal  volunteers  already  being  created  with  the  same  drug. 
Prednisolone  and  related  drugs  are  commonly  used  in  the  treatment  of  these 
diseases.   Taking  blood  samples  timed  from  the  administration  of  the  drug 
to  RA  patients,  researchers  found  a  large  interpatient  variation  in  the 
plasma  protein  binding  of  prednisolone,  ranging  from  66  to  93  percent 
bound.   Variable  binding  was  also  observed  in  SLE  patients  taking  pred- 
nisolone.  Analysis  of  data  regarding  the  relationship  of  this  variability 
to  the  efficacy  and  toxicity  of  chronic  prednisone  therapy  in  these 
patients  is  currently  underway.   Initial  results  suggest  that  individ- 
ualization of  drug  regiments  will  be  important  in  planning  therapy  of 
patients  with  rheumatic  disease. 

The  center  located  at  the  Robert  Breck  Brigham  Hospital  in  Boston  is  trying 
a  new  experimental  approach  in  the  treatment  of  especially  severe  rheumatoid 
arthritis.   Although  rheumatoid  arthritis  can  usually  be  treated  by  a  number 
of  drugs,  such  as  aspirin  and  other  anti-inflammatory  drugs,  some  cases  are 
totally  resistant  to  these  therapies  and  thus  potentially  life  threatening. 
The  stronger  drugs,  e.g.  penicillamine  and  cytotoxic  drugs,  used  to  treat 
these  resistant  cases  of  the  disease  have  undesirable  side  effects,  such 
as  anemia  and  skin  eruptions.   A  new  approach,  used  in  a  small-scale 
clinical  study,  is  total  irradiation  of  the  lymph  nodes  of  patients  who 
have  been  unresponsive  to  other  forms  of  therapy.   The  rationale  for  this 
therapeutic  method  is  based  on  the  immunosuppressive  effects  of  radiation. 
Nodal  irradiation  may  produce  a  regression  of  the  arthritis  by  eliminating 
iiTCT.unocompetent  lymphocytes.   Patients  will  be  carefully  selected  to  assure 
that  all  conventional  means  of  therapy  have  been  exhausted.   In  addition  to 
the  potential  for  treating  previously  intractable  cases  of  rheumatoid 
arthritis,  this  study  might  yield  information  on  the  role  of  the  lymphocyte 
in  the  pathogenesis  of  rheumatoid  inflammation. 

A  major  new  thrust  of  the  Multipurpose  Arthritis  Centers  is  health  services 
research.   An  example  of  this  activity  is  a  project  soon  to  be  initiated  at 
the  center  located  at  the  Robert  Breck  Brigham  Hospital  in  Boston.   The  aims 
of  this  project  are:   (1)   to  determine  the  cost  effectiveness  of  joint 
replacement  surgery  in  individuals  with  arthritis  impairment;  (2)   to 
document  changes  in  function  and  health  status  in  patients  who  have  had 
joint  replacement  surgery;  and  (3)   to  attempt  to  identify  prognostic 
variables  for  successful  joint  replacement  surgery.   Over  120,000  joint 
replacement  operations  are  performed  annually  in  this  country  at  an 
estimated  cost  to  society  of  approximately  $840  million.   Although 
reduction  in  pain  and  improvement  in  joint  function  as  a  result  of  this 
surgery  is  well  documented,  what  is  not  clear  is  the  extent  to  which 
surgery  corrects  the  person's  handicap.   Psychological  factors  and  debili- 
tating changes  in  areas  of  the  body  not  affected  by  the  surgery  may  compli- 
cate post-surgical  rehabilitation  and  result  in  only  partial  relief  of 
symptoms.   The  results  of  this  study  may  help  to  provide  knowledge  about 
the  long-term  benefits  of  joint  replacement  and  the  variables  that  predict 
successful  surgery. 

The  center  at  Boston  University  decided  to  devote  a  major  effort  to 
developing  a  more  useful  method  to  evaluate  the  impact  of  arthritis 
programs  on  health  status.   The  result  of  this  effort  was  the  development 
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of  a  self-administered  instrument  called  the  Arthritis  Impact  Measurement 
Scales  (AIMS),  which  includes  cales  for  mobility,  physical  activity,  social 
activity,  social  role,  dexterity,  pain,  activities  of  daily  living, 
depression,  and  anxiety.   The  instrument  has  already  been  presented  at 
national  meetings  of  the  American  Rheumatism  Association  and  the  American 
Federation  for  Clinical  Research  and  has  been  published  in  the  journal, 
Arthritis  and  Rheumatism.   The  AIMS  instrument  will  be  useful  in  assessing 
and  comparing  health  status  in  individuals  and  populations  with  connective 
tissue  disease  and  should  be  an  advance  in  the  ability  to  measure  the 
impact  of  new  therapies  and  programs. 

Education  Component  Activities 

Consistent  with  the  National  Arthritis  Act  and  the  Arthritis  Plan,  a  major 
feature  of  the  Multipurpose  Arthritis  Centers  Program  continues  to  be  edu- 
cational activities.   Many  ongoing  projects  are  intended  to  improve  rheumatic 
disease  care  at  the  level  of  the  primary  care  physician.   An  example  is  the 
Dial-Access  System  (DAS) ,  a  program  that  has  been  under  way  for  the  last 
three  years  at  the  Alabama  Multipurpose  Arthritis  Center.   The  DAS  is  a 
method  of.  medical  consultation  by  means  of  tape-recorded  messages  that  are 
accessible  on  request  through  long-distance  toll-free  telephone  lines. 
The  subject  matter  concerns  the  most  recent  diagnostic  and  therapeutic 
information  on  specific  arthritis  and  rheumatology  problems.   Over  100 
different  tapes  have  been  produced  so  far,  ranging  from  descriptions  of 
the  more  common  rheumatic  disorders  (such  as  rheumatoid  arthritis  and 
systemic  lupus  erythematosus)  to  the  interpretation  of  laboratory  tests  and 
recommendations  for  drug  therapy.   During  the  first  two  years  of  the  grant 
to  this  center,  over  24,000  calls  were  made  to  the  DAS.   In  a  typical  month, 
over  1,200  calls  were  made  to  the  DAS  from  41  states.   Survey  questionnaires 
have  shown  that  most  of  the  calls  came  from  physicians  in  family  practice, 
general  surgery,  internal  medicine  and  orthopedic  surgery,  more  than  half 
of  whom  practiced  in  communities  with  populations  less  than  100,000.   These 
survey  results  are  indicative  of  the  usefulness  of  this  program  in  areas 
that  may  be  located  far  from  major  medical  centers,  where  rheumatological 
consultatation  is  easily  obtained.   There  are  plans  to  add  another  one 
hundred  tapes  to  this  system  in  the  next  several  years. 

Other  areas  of  educational  emphasis  in  the  centers  relate  to  allied  health 
professionals  (AHP) .   At  the  center  at  the  University  of  California,  San 
Francisco,  for  example,  staff  members  have  been  able  to  provide  inservice 
education  for  numerous  health  care  agencies  in  the  center's  service  area. 
Most  presentations  are  given  by  both  a  nurse  and  a  physical  therapist  with 
special  emphasis  on  providing  educational  activities  for  those  working  in 
the  area  of  home  care.   In  one  home  care  agency,  four  groups  of  15  to  20 
home  care  aides  each  received  three  hours  of  teaching.   In  another  similar 
agency,  120  aides  received  two  hours  of  instruction  each.   The  presentation 
by  the  nurse  dealt  with  the  disease  processes  of  rheumatoid  arthritis  and 
osteoarthritis,  with  a  summary  of  available  treatments.   The  physical 
therapist  described  the  use  of  heat,  cold,  and  exercise,  and  gave  an 
introduction  to  the  subject  of  joint  protection. 
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The  center  ac  Indiana  Universicy  School  of  Medicine  provides  a  prototypic 
approach  to  educating  physicians.   Center  staff  provide  second-year  medical 
students  with  a  series  of  lectures  correlating  basic  science  knowledge  with 
clinical  information.   These  lectures  include  videotapes,  radiographs,  and 
demonstrations  of  history-taking  and  physical  examination.   Small  groups  of 
students  under  the  supervision  of  a  senior  rheumatologist  or  a  rheumatology 
fellow  examine  patients  with  rheumatic  disease.   For  junior  medical  students, 
there  are  lectures  on  specific  disease  entities,  and  opportunities  to  b^ 
ward  clerks  on  the  rheumatology  service  at  the  university  hospital.   A 
one-month  rheumatology  elective  is  available  for  senior  students.   This 
includes  participation  in  the  care  of  both  in-  and  out-patients,  exposure 
to  the  team  concept  of  care  (including  the  nurse,  occupational  therapist, 
physical  therapist,  and  social  worker),  and  formal  lectures.   Students 
taking  this  elective  are  expected  to  become  proficient  in  common,  practical 
aspects  of  treating  chronic  rheumatic  disease.   This  includes  history 
taking,  joint  examination,  the  proper  use  of  drugs,  diagnosis  of  commonly 
encountered  diseases,  and  follow-up  of  the  patient  with  rheumatic  disease. 
In  addition  to  the  attention  given  to  medical  students,  residents  and 
interns  of  medicine,  surgery,  and  orthopedics  may  take  rheumatology  rotation 
at  the  hospital.   There  are  also  less  formal  conferences  and  teaching 
sessions  held  on  a  regular  basis  for  all  medical  personnel  including  the 
house  staff  and  attending  physician. 

Community  Component  Activities 

Community  projects  during  the  past  year  have  included  studies  of  model  health 
care  delivery  for  the  home-bound  arthritis  patient  and  the  resident  of  the 
inner  city;  the  practical  utility  of  upgrading  the  care  provided  by  the 
community  physician;  and  programs  to  facilitate  the  use  of  the  local  Multi- 
purpose Arthritis  Center  as  a  community  resource. 

As  part  of  its  community  commitment,  the  center  located  at  the  Robert  Breck 
Brigham  Hospital  in  Boston  has  carried  out  the  first  phase  of  a  model  health 
care  system  for  arthritis  disability.   In  the  initial  effort,  the  center 
screened  the  entire  population  of  a  Boston  neighborhood  to  establish  a 
registry  of  persons  with  treatable  functional  disability  related  to  arthritis 
and  other  musculoskeletal  problems,  and  to  determine  their  health  care  and 
social  needs.   Using  multi-lingual  surveyors,  the  center  made  telephone 
contact  with  3,800  of  the  approximately  8,500  adults  living  in  three  census 
tracts  of  the  Jamaica  Plains  area.   Questionnaires  were  mailed  to  600  of 
those  respondents  who  indicated  some  form  of  joint-disease  related  handicap 
in  order  to  document  their  handicap  and  need  for  specialized  health  care. 
A  rehabilitation  team  subsequently  examined  individuals  who  met  the  criteria 
of  the  American  Rheumatism  Association  for  disability  (that  is,  "handicapped 
by  discomfort  or  limited  mobility  in  one  or  more  joints").   This  assessment 
included  any  necessary  occupational  or  physical  therapy  and  referrals  to 
specialists.   An  "arthritis  advocate"  provided  information  about  related 
health  services  and  will  also  monitor  the  progress  of  this  study.   The 
survey  revealed  a  number  of  previously  unidentified  arthritic  conditions 
such  as  psoriatic  arthritis  and  gout,  which  are  easily  treatable.   The 
survey  also  disclosed  that  patients  had  little  knowledge  about  rehabili- 
tation, joint  replacement  surgery,  or  available  resources.   In  the  coming 
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year,  with  the  completion  of  the  survey,  the  effectiveness  of  the  advocacy 
services  will  be  tested.   Some  individuals  will  receive  "intensive  advocacy," 
while  others  will  be  in  an  "information  only"  group.   For  the  former  group, 
the  advocate  will  do  everything  possible  to  be  of  assistance,  from  providing 
education  about  the  rheumatic  diseases  to  giving  assistance  with  trans- 
portation.  The  other  group  will  receive  printed  information  about  their 
diseases,  although  any  request  for  further  assistance  will  be  honored. 
Evaluation  of  the  program  will  occur  through  means  of  an  assessment  of  any 
increase  in  functional  capacity  of  the  patient,  health  services  utilization, 
and  patient  satisfaction.   A  study  of  this  nature  is  significant  because 
community  programs  in  other  categorical  diseases  (such  as  hypertension, 
diabetes,  and  cardiovascular  disease)  have  successfully  reduced  hospital- 
izations and  costs.   If  the  same  sort  of  improvement  is  noted  with  respect 
to  the  rheumatic  diseases,  this  may  prove  to  be  a  useful  adjunct  to  the 
management  of  arthritic  disorders  in  the  community  setting. 

In  a  study  begun  several  years  ago,  the  center  at  the  University  of  Michigan 
began  to  identify  "educational  inf luentials"  in  several  communities.   Such 
individuals  are  physicians  who  command  the  respect  of  their  colleagues  and 
have  a  position  of  influence  with  respect  to  the  medical  care  delivered  in 
their  communities.   The  goal  of  the  center  was  to  provide  increased  training 
in  the  rheumatic  diseases  for  educational  inf luentials ,  in  order  to  upgrade 
the  care  of  arthritis  patients  in  the  community.   Initial  work  on  this 
project  documented  the  level  of  care  provided  to  patients  with  rheumatoid 
arthritis  in  small  communities.   Preliminary  measures  of  activity  already 
indicate  that  there  is  a  favorable  change  in  treatment  patterns  taking 
place  as  a  result  of  the  existence  of  educational  influentials  trained  in 
rheumatology  by  the  Michigan  center. 

The  center  at  the  University  of  Tucson  is  examining  the  adequacy  of  building 
codes  with  respect  to  the  physical  disability  of  patients  with  arthritis. 
In  a  comprehensive  effort  utilizing  not  only  biomedical  engineers,  but  also 
physical  therapists  and  occupational  therapists,  permanent  equipment  has 
been  designed  and  fabricated  to  determine  the  optimum  position  and  design 
of  ramps,  doorknobs,  handrails,  light  switches,  and  floor  surfaces.   Over 
250  individuals  have  been  studied  so  far,  with  several  hundred  separate 
observations  being  made  on  each.   The  center  is  collaborating  with  the 
National  Bureau  of  Standards  to  further  this  study  on  a  nation-wide  level. 

Arthritis  in  Children 

Many  of  the  centers  are  active  in  studies  and  programs  dealing  with  arthritis 
in  children  —  a  form  of  the  disease  estimated  to  affect  over  250,000  in 
this  country  alone. 

In  a  project  started  over  two  years  agao,  the  center  at  Stanford  University 
began  a  retrospective  study  designed  to  identify  medical  and  social  factors 
that  may  have  influenced  the  outcome  of  juvenile  rheumatoid  arthritis.   At 
the  present  time,  267  patients  have  been  recruited  for  the  study  and  have 
filled  out  questionnaires  relating  to  the  course  of  the  disease  and  the 
medical  and  surgical  interventions  they  received.   This  study  is  especially 
significant  since  no  data  are  currently  available  concerning  how  juvenile 
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rheumatoid  arthritis  affects  the  lives  of  patients.   Thus,  it  is  not  now 
possible  to  provide  appropriate  education  and  social  care  for  the  child 
with  arthritis  and  his  or  her  family.   Once  the  factors  affecting  the 
subsequent  development  of  the  patient  are  identified,  it  is  conceivable 
that  those  interferring  with  achievement  of  adult  independence  can  be 
ameliorated.   Another  goal  will  be  to  correlate  the  school  experience  of 
the  child  having  arthritis  with  the  adult  outcome  of  the  disease.   Factors 
that  seem  to  affect  the  adult  outcome  advei-sely  will  then  be  identified 
and  can  be  corrected  in  the  future. 

Computers  in  the  Rheumatic  Diseases 

A  noteworthy  development  during  the  past  several  years  has  been  the  utili- 
zation of  computers  in  all  phases  of  center  activities,  ranging  from 
instruction  to  clinical  research,  to  the  use  of  the  computer  as  an 
automated  clinical  consultant. 

Computer-based  technology  has  the  ability  to  do  more  than  serve  simply  as 
an  efficient  data  storage  system.   The  effective  use  of  this  valuable 
system  is  amply  demonstrated  by  the  Multipurpose  Arthritis  Center  at  the 
University  of  Missouri  in  Columbia.   Investigators  there  are  applying  the 
techniques  of  artificial  intelligence  to  construct  a  computer-based  system, 
which  can  act  as  a  clinical  consultant  to  the  non-rheumatologist  physician. 
During  the  past  two  years,  clinical  criteria  have  been  developed  for  seven 
rheumatic  diseases:   mixed  connective  tissue  disease,  systemic  lupus 
erythematosus,  progressive  systemic  sclerosis  (scleroderma),  polymyositis, 
rheumatoid  arthritis,  Raynaud's  and  Sjogren's  Syndrome.   The  center  has 
also  prepared  a  patient  data  entry  form,  which  permits  the  entry  of  raw 
numerical  data,  as  well  as  routine  clinical  indications  and  symptoms.   So 
far,  the  computer  system  has  been  able  to  consistently  determine  the 
correct  diagnosis  (as  compared  to  a  consensus  of  rheumatologists)  in  over 
93  percent  of  the  cases  examined.   The  center  is  now  in  the  process  of 
adding  about  40  more  diseases  to  those  already  included  in  the  computerized 
system.   Once  these  disorders  have  been  added,  the  system  will  include 
about  85  percent  of  all  major  rheumatological  diseases  encountered.   This 
effort  is  quite  important:   It  has  been  estimated  that  only  about  three 
percent  of  arthritis  patients  are  ever  seen  by  a  rheumatologist ;  an 
"automated  rheumatology  consultant"  would  be  able  to  benefit  those  patients 
of  the  general  practitioner  by  providing  more  expert  diagnosis  and  treatment 
than  they  would  ordinarily  expect  to  receive.   Even  for  the  rheumatologist, 
the  automated  system  could  have  an  educational  benefit.   The  protocols 
developed  here  may  also  privide  a  model  system  for  other  fields  of  medicine 
which  may  wish  to  produce  their  own  automated  systems.   In  addition  to 
integrating  new  diseases  into  the  system,  the  center  plans  to  expand  the 
capabilities  of  the  system  to  consider  patient  prognosis,  management,  and 
eventual  treatment,  as  well  as  diagnosis,  during  the  coming  year. 
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SPECIAL  PROGRAMS  IN  ARTHRITIS  AND  RELATED  DISEASES 

The  following  important  activities  are  being  developed  to  address  certain 
specific  features  of  the  National  Arthritis  Acts  of  1974  and  1976,  and  several 
recommendations  of  the  Arthritis  Plan  submitted  to  the  Congress  in  April  1976 
by  the  National  Commission  on  Arthritis  and  Related  Musculoskeletal  Diseases. 

EDUCATION  PROGRAMS 

A  major  goal  of  the  Arthritis  Education  Programs  Office  is  the  maximum  use  of 
the  tools  of  communication  to  inform  and  educate  allied  health  professionals 
about  arthritis.  Significant  progress  has  been  accomplished  towards  this 
goal,  and  stimulating  and  assisting  the  development  of  public,  patient  and 
professional  education  as  essential  elements  in  achieving  optimal  treatment 
and  management  of  arthritis. 

Arthritis  Information  Clearinghouse  Office 

A  major  component  of  the  Education  Programs  Office  is  the  Arthritis  Informa- 
tion Clearinghouse.  Established  by  the  NIADDK  following  authorization  by  the 
National  Arthritis  Act  and  recommendation  by  the  National  Commission  on  Ar- 
thritis and  Related  Musculoskeletal  Diseases,  the  Clearinghouse  is  completing 
its  third  year  of  operation  aimed  at  improving  the  lines  of  communication 
among  the  health  professionals  serving  the  arthritis  patient.  The  major 
function  of  the  Clearinghouse  is  to  collect,  screen,  store,  and  disseminate 
information  about  educational  materials  and  programs  on  the  rheumatic  diseases, 

In  serving  as  a  broker  to  foster  the  flow  of  arthritis  information,  thus 
helping  users  to  locate  and  select  educational  materials,  the  Clearinghouse 
refers  clients  to  the  appropriate  developer  or  source  rather  than  acting  as  a 
distributor  of  the  materials  itself. 

The  Clearinghouse  data  base  is  now  ful ly  operational  ,  consisting  of  1800 
records,  retrievable  by  keyword,  author,  source,  publication  year,  and  text 
words  in  titles  and  abstracts.  Included  in  the  data  base  are  print  and  audio- 
visual materials,  journal  articles,  reports  and  textbooks,  among  other  items. 
Inasmuch  as  the  data  base  is  in  place  and  the  mechanism  for  acquiring  and 
processing  materials  are  well  established,  no  further  development  in  this  area 
is  required  at  this  time.  A  cumulative  catalogue  of  1980  accessions  has  been 
produced  to  supplement  the  1979  catalogue.  Printed  and  audiovisual  materials 
are  being  added  to  the  data  base  as  they  appear;  since  retrospective  searching 
has  been  completed,  the  rate  of  acquisitions  in  these  areas  should  level  off 
or  decline.  An  increased  effort  to  identify  and  describe  educational  pro- 
grams and  incorporate  them  into  the  data  base  is  one  major  priority  for  the 
coming  fiscal  year. 

Products  and  Services 

Clearinghouse  products  thus  far  include  more  than  30  bibliographies  and  cata- 
logues, a  Thesaurus,  and  a  cumulative  catalogue  of  accessions,  while  its  ser- 
vices, approximately  400  per  month,  include  requests  for  publications,  mail 
list  additions,  data  base  sources  and  referrals. 
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Due  to  a  heavy  demand  of  requests  for  literature  searches,  the  data  base  has 
grown  rapidly.   In  order  to  streamline  requests,  packaged  bibliographies  on 
frequently  requested  topics  have  been  prepared.  Several  directories  have  been 
assembled  to  speed  answers  to  information  and  referral  questions.  Approxi- 
mately 16,000  Clearinghouse  products  have  been  distributed  during  the  past 
fiscal  year. 

Outreach 

The  Clearinghouse  has  an  active  outreach  program,  contacting  conferences  and 
meetings  and  providing  exhibit  materials  and  package  enclosures.  A  short 
slide  talk  explaining  Clearinghouse  activities  has  been  presented  at  some 
meetings. 

As  part  of  its  outreach  program,  two  Arthritis  Information  Clearinghouse  Bul- 
letins have  been  published  this  year  to  alert  users  and  health  professional 
constituents  as  to  new  developments.  However,  due  to  Federal  budget  con- 
straints, plans  for  further  Bulletins  have  been  set  aside  for  the  time  being. 
Instead,  a  less  expensive  but  equally  effective  memorandum  will  be  used  to 
maintain  communication  with  Clearinghouse  users. 

In  addition,  two  of  the  Clearinghouse  exhibits  have  been  sent  to  meetings  and 
conferences,  including  the  annual  meetings  of  the  American  Rheumatism  Asso- 
ciation and  the  Arthritis  Research  and  Education  in  Nursing  and  Allied  Health, 
as  well  as  the  Medical  Library  Association  Meeting,  and  a  number  of  regional 
arthritis-related  meetings. 

Cooperation  with  Multipurpose  Arthritis  Centers 

The  Clearinghouse  is  continuing  its  efforts  to  collect  information  on  com- 
munity and  institutional  patient  education  and  in-service  training  programs 
relating  to  arthritis.  Since  many  of  the  Multipurpose  Arthritis  Centers  are 
emphasizing  team  care  and  developing  programs  and  resources  to  implement  edu- 
cation programs,  there  was  a  need  to  develop  a  method  for  the  Clearinghouse 
to  identify  MAC  efforts  in  this  area  and  incorporate  knowledge  into  the 
Clearinghouse  data  base. 

A  number  of  possible  alternatives  have  been  explored  to  strengthen  communica- 
tion between  the  Clearinghouse  and  the  MACs.  For  example,  the  Clearinghouse 
will  be  a  depository  for  MAC  reports,  reprints,  and  studies.  Curricula  and 
program  descriptions  of  patient  education  or  in-service  training  classes  are 
being  collected,  and  materials  developed  such  as  syllabi,  resource  lists  and 
supplementary  materials  are  also  being  sought. 

In  the  next  fiscal  year,  the  Clearinghouse  will  continue  to  provide  direction 
and  assistance  to  education  activities  within  the  centers  program,  and  will 
continue  to  conduct  needs  assessments  and  to  identify  gaps  in  available  mate- 
rials. Since  both  the  Clearinghouse  and  the  MACs  exist  through  NIADDK  fund- 
ing. Clearinghouse  users  assume  a  close  communication  link  between  the  two 
programs . 


1130 


Advisory  Group 

An  advisory  group  comprised  of  eleven  rheumatologists ,  educators,  library 
scientists  and  other  health  professionals  has  continued  to  help  the  Clearing- 
house in  the  effective  accomplishment  of  goals.  The  group,  meeting  twice 
yearly,  acts  as  a  sounding  board  and  provides  recommendations  to  the  Clearing- 
house project  officer  and  staff.  During  the  past  year,  in  normal  rotation  of 
members,  two  new  advisors  have  been  added,  the  Head  of  the  Reference  Section 
of  the  National  Library  of  Medicine,  and  the  NIADDK  Information  Officer. 

Appraisal  and  User  Satisfaction 

Inasmuch  as  the  bibliographic  information  services  have  matured  and  become 
operational,  and  a  host  of  products  and  services  have  been  produced  after 
two  years  of  operation,  it  had  been  evident  that  an  evaluation  or  appraisal 
was  needed  to  determine  the  effectiveness  of  the  program.  To  help  evaluate 
services,  users  have  been  asked  to  return  a  User  Satisfaction  Form  enclosed 
with  mailed  materials.  Most  users  have  found  services  very  helpful  and  are 
satisfied  with  the  response  times. 

It  is  interesting  to  note  that  consistently  almost  a  third  of  the  forms  are 
returned,  a  very   high  response  inasmuch  as  it  is  difficult  to  motivate  users 
to  return  such  forms;  they  take  time  and  the  users'  own  postage. 

Unsolicited  letters  have  also  been  received  which  relate  that  the  Clearing- 
house products,  services,  and  activities  have  saved  physicians,  health  edu- 
cators and  other  professionals  considerable  time  and  effort  in  educating  pa- 
tients and  other  health  professionals. 
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ARTHRITIS  DATA  SYSTEMS  PROGRAM 

The  Data  Systems  Program  of  NIADDK  fosters  systematic  acquisition,  storage, 
retrieval,  and  analysis  of  information  about  the  rheumatic  diseases.  Major 
program  effort  is  concentrated  upon  assuring  validity,  confidentiality  and 
comparability  of  data  collected  in  separate  institutions.   Identifying  and 
integrating  data  resources  with  data  needs  is  a  continuing  component  of  pro- 
gram activities. 

Two  data  resources,  American  Rheumatism  Medical  Information  System  (ARAMIS) 
and  the  Health  and  Nutrition  Examination  Survey  (HANES  I)  follow-up  are  cur- 
rently of  particular  interest  to  the  Data  Systems  Program  Office. 

A  National  Arthritis  Data  Source 

The  American  Rheumatism  Medical  Information  System  (ARAMIS)  has  continued  to 
enlarge  its  data  bank  on  patients  with  chronic  rheumatic  diseases  registered 
in  a  longitudinal  format.   It  has  expanded  to  include  14,000  patient  entries 
representing  approximately  13,000  patient  years  of  experience.  The  number  of 
participating  investigators  and  centers  has  also  grown.  Among  the  newest 
satellites  are  Miami,  with  Dr.  Ray  Altman,  Principal  Investigator  and  the 
Multipurpose  Arthritis  Center  at  Birmingham,  with  Dr.  Randy  Wilson,  Principal 
Investigator. 

While  it  is  recognized  that  ARAMIS  is  not  a  substitute  for  careful  research 
design  and  execution,  it  has  received  increasing  recognition  as  a  powerful 
research  auxilliary  tool.   Its  long-range  goals  continue  to  be  1 )  improved 
diagnostic  classification  of  rheumatic  diseases,  including  establishment  of 
acceptable  criteria;  2)  identification  of  "risk"  factors  associated  with  good 
or  poor  outcomes  based  on  prognostic  studies  among  defined  patient  subsets; 
3)  improvement  of  evaluation  instruments  for  these  purposes;  and  4)  enhance- 
ment of  the  data  system  to  help  achieve  these  purposes. 

ARAMIS  contributions  have  been  recognized  in  a  number  of  areas.  These  include 
classification  studies  such  as  evaluation  of  JRA  and  RA  criteria,  continued 
work  on  the  scleroderma  criteria  and  development  of  subset  concepts.  ARAMIS 
has  supported  the  examination  of  prognosis  in  RA  attempting  to  determine  fac- 
tors influencing  outcome.  Additional  progress  has  been  made  in  studies  of 
development  of  patient  questionnaires  and  cost  monitoring.  Finally,  ARAMIS 
investigators  were  major  authors  in  the  preparation  of  the  ARA  Glossary  under 
the  chairmanship  of  Dr.  John  L.  Decker. 

Among  the  studies  currently  planned  at  the  ARAMIS  Core  facility  are:  1)  de- 
velopment of  a  self-administered  computer-compatible  questionnaire  for  ar- 
thritis; 2)  implementation  of  a  rare   disease  data  bank  covering  pregnancy  in 
SLE  and  eosinophilic  fasciitis;  3)  creation  of  a  registry  of  patients  with 
rheumatic  diseases  on  immunosuppressive  therapy  to  prospectively  monitor  the 
rate  of  occurrence  of  malignancies  in  these  patients. 

Among  the  numerous  studies  planned  for  ARAMIS  satellites  over  the  next  three 
years  are: 
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1)  functional  outcome  and  survival  in  polymyositis/dermatomyositis 

2)  evaluation  to  establish  the  diagnosis  and  prognosis  of  scleroderma 

3)  factors  influencing  mortality  in  R.A. 

The  Health  and  Nutrition  Examination  Survey  (HANES  I)  Epidemiologic  Follow-up 
Survey 

In  cooperation  with  the  National  Institute  on  Aging  (NIA),  the  National  Center 
for  Health  Statistics  (NCHS)  and  several  other  Institutes,  the  Arthritis  Epi- 
demiology and  Data  Systems  Program  has  become  active  in  the  design  of  the 
instrument  for  the  collection  of  data  in  this  resurvey  of  14,407  individuals 
who  were  originally  sampled  between  1971  and  1975. 

Careful  preparation  of  the  arthritis  section  of  the  follow-up  instrument  will 
serve  the  four  principal  objectives  of  the  project  which  are:  1)  retrospective 
morbidity  and  mortality  associated  with  suspected  risk  factors;  2)  prospective 
mortality  associated  with  suspected  risk  factors;  3)  changes  in  patient  char- 
acteristics between  HANES  I  and  current  status;  and  4)  natural  life  history 
of  chronic  disease  and  functional  impairments. 
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ARTHRITIS  EPIDEMIOLOGY  PROGRAM 

The  Epidemiology  Program  Office  is  the  administrative  focus  of  efforts  to  en- 
courage epidemiologic  research  in  the  field  of  arthritis  and  related  musculo- 
skeletal diseases.   In  addition,  the  office  is  responsible  for  facilitating 
cooperation  and  exchange  of  statistical  information  among  independent  inves- 
tigators. 

Epidemiologic  research  activity  has  increased  during  the  past  year  in  three 
principal  sectors.  First,  there  has  been  an  increment  in  the  number  of  grant 
applications  with  primary  emphasis  on  arthritis  epidemiology  in  the  Fellow- 
ship and  Research  Career  Programs.  Second,  there  has  been  growth  in  the  num- 
ber and  sophistication  of  epidemiologic  studies  in  progress  and  planned  within 
the  Multipurpose  Arthritis  Centers.  Finally,  there  has  been  an  increase  in 
epidemiology  projects  planning  and  funding  within  the  ARAMIS  consortium.  Two 
ARAMIS  backed  population  based  studies  will  be  included  in  the  1981-83  program. 

Arthritis  Epidemiology  Conference 

The  Program  continues  to  convey  the  information  gathered  and  priorities  gen- 
erated at  the  Arthritis  Epidemiology  Conference  in  September,  1980.  A  number 
of  publications  are  in  preparation,  both  in-house  and  externally,  to  dissemi- 
nate conference  contents  to  both  the  rheumatology  and  epidemiology  communi- 
ties. These  publications  include  the  proceedings  with  supplemental  papers  on 
arthritis  data  resources  and  an  updated  version  of  the  annotated  bibliography, 
Epidemiologic  Studies  of  the  Rheumatic  Diseases. 

In  reviewing  the  Conference  Proceedings  for  further  program  planning,  it  is 
apparent  that  conferees  were  in  nearly  unanimous  agreement  on  six  points  re- 
lated to  further  research: 

0  A  call  to  avoid  prevalence  incidence  studies  just  for  their  own  sake, 

particularly  when  the  expected  incidence  is  low, 
0  Consideration  of  very   well  designed  case-control  studies; 
0  Development  of  longitudinal  data  sets  which  follow  chronic  diseases 

over  a  long  period  of  time  whenever  possible; 
0  Identification  of  subgroups  and  concentration  on  classification  and 

nosology  to  a  greater  degree  than  before; 
0  Making  maximum  use  of  existing  data  sets; 
0  Using  disability  as  one  major  outcome  goal  with  which  to  judge  our 

knowledge  of  these  illnesses. 

Following  the  Conference,  a  number  of  participants  suggested  an  ongoing  work- 
group to  provide  a  forum  to  formulate  specific  approaches  to  epidemiologic 
studies.  Plans  dre   in  progress  to  implement  this  recommendation. 

Lyme  Arthritis 

Studies  are  continuing  on  the  nature,  pathogenesis  and  etiology  of  the  tick- 
born  disease,  Lyme  Arthritis.  This  illness  consists  of  an  acute  and  sometimes 
chronic  arthritis;  a  characteristic  skin  lesion;  and  neurologic  and  cardiac 
abnormalities.  Currently,  prospective  studies  are   focused  on  patients  in 

1134 


order  to  identify  prognostic  factors,  treatment  regimes  with  antibiotics  and 
long-term  sequela.  The  effort  to  identify  the  etiologic  agent  uses  a  variety 
of  procedures  such  as  electronmicroscopy  of  skin  biopsy  samples,  blood  cul- 
tures, and  studies  for  rickettsia  mole. 

Ankylosing  Spondylitis 

Recent  studies  of  Amish  familities  noted  a  high  frequency  of  sacroiliitis  and/ 
or  spondylitis.  The  association  with  B-27  was  quite  weak  in  contrast  to 
findings  in  a  number  of  other  population  based  studies,  Further  investigation 
is  planned  to  attempt  to  determine  what  other  markers  or  environmental  factors 
may  be  contributing  to  spondylitis  susceptibility.  Anticipated  comparative 
studies  among  the  three  populations  of  the  Amish,  the  Chippewa  Indians  and 
non-inbred  patients  may  stimulate  insights  into  the  genetics  of  this  disease. 
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THE  ANNUAL  REPORT  OF  THE  DIGESTIVE  DISEASES 
AND  NUTRITION  CLUSTER 

Introduction  -  Associate  Director  -  Dr.  H.  P.  Roth 

The  Digestive  Diseases  Program  Area  is  responsible  for  the  extramural  support  of 
grant  awards  and  contracts  pertaining  to  Diseases  and  disorders  of  the  gastroin- 
testinal tract  and  associated  organs.  Thus  digestive  diseases  include  disorders 
of  the  esophagus,  stomach,  small  and  large  intestines,  liver,  biliary  tract  and 
pancreas.  Major  digestive  diseases  include  esophagitis,  peptic  ulcer,  diverticu- 
litis, infectious  diarrhea,  ileitis,  ulcerative  colitis,  and  malabsorption,  gall- 
stones, cirrhosis,  hepatitis,  and  pancreatitis.  The  known  causes  include  infec- 
tions, metabolic  disorders,  genetic  defects,  neuromuscular  disorders,  toxins,  and 
reactions  to  life  stresses. 

Digestive  diseases  constitute  a  health  problem  of  great  magnitude.  Of  all  the 
causes  of  disability  due  to  illness  in  our  country,  digestive  diseases  rank 
second.  Over  two  million  Americans  are  impaired  in  some  degree  by  these  di- 
seases; 1.2  million  persons  are  limited  in  the  work  that  they  can  perform  and 
400,000  are  totally  disabled..  Among  the  employed,  digestive  diseases  each  day 
account  for  200,000  absences  from  work  due  to  illness,  making  digestive  diseases 
the  leading  cause  of  loss  of  time  from  work  among  male  employees.  Almost  140,000 
veterans  receive  payments  for  service  connected  disability  d'j3  to  gastrointes- 
tinal copjitions,  at  a  cost  to  the  nation  of  approximately  100  million  dollars 
per  year. 

The  Digestive  Diseases  Program  continues  to  respond  to  the  recommendations  of 
the  National  Commission  on  Digestive  Diseases  and  is  responding  to  two  recent 
congressional  mandates  that  arose  in  response  to  the  Commissions  recommendations: 
The  Health  Program  Extension  Act  of  1980  of  the  96th  Congress  (2nd  session) 
established  the  "Information  and  Education  Center  for  Digestive  Diseases"  and 
provided  for  tho  establishment  of  the  "National  Digestive  Diseases  Advisory 
Board."  A  Digestive  Diseases  Information  and  Education  Center  has  been  estab- 
lished. It  is  identifying  the  teaching  material  already  available  and  preparing 
additional  material  as  needed.  The  Digestive  Diseases  Coordinating  Committee  is 
actively  working  to  establish  a  data  base  and  information  retrieval  system  based 
upon  a  standardized  definition  for  digestive  diseases  as  a  whole  and  agreed  upon 
definition  for  those  research  areas  in  digestive  diseases  v/hich  are  of  special 
i  nterest. 

The  NIH  Consensus  Development  Conference  "Endoscopy  -  What  is  its  Role  in  Upper 
Gastrointestinal  Bleeding?"  was  held  in  August  198C.  A  consensus  statement  was 
developed  which  recognized  the  value  of  endoscopy  in  identifying  the  cause  of 
upper  GI  hemorrhage  but  considered  the  benefit  to  outcome  of  management  to  be 
equivocal.  The  full  text  of  the  presentations  from  the  conference  are  to  be 
published  as  a  supplement  to  Digestive  Diseases  and  Science. 
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Representatives  of  the  Intersociety  Committee  on  Human  Experimentation  in  Diges- 
tive Diseases  met  with  representatives  of  other  interested  groups  from  within 
and  outside  of  government  at  a  two  day  meeting  on  "Risks  of  Procedures  Used  in 
Human  Experimentation  in  Digestive  Diseases".  The  meeting  summarized  available 
information,  identified  types  of  information  needed  and  ways  of  obtaining  such 
information,  it  particularly  focused  on  the  accuracy  of  data  collection,  l.'ork- 
shops,  conferences  and  planning  sessions,  involving  the  Intersociety  Committee 
and  other  groups  were  discussed. 

The  National  Cooperative  Gallstone  Study  group  reported  on  the  clinical  trial  of 
chenodeoxychol ic  acid  in  the  medical  treatment  of  gallstones.  The  drug  in  the 
higher  dose  level  was  associated  with  complete  dissolution  of  stones  in  14%  of 
cases  treated  for  2  years. 

During  this  year,  the  digestive  diseases  program  was  divided  into  3  units  which 
will  provide  individual  reports:  1.  Esophogeal ,  Gastric  and  Colonic  Diseases, 
2.  Liver  and  Biliary  Tract  Diseases,  3.  Intestinal  and  Pancreatic  Diseases. 

The  nutrition  program  supports  extramural  research  and  training  in  basic  and 
clinical  nutrition.  A  major  initiative  in  nutrition  has  been  the  development  of 
clinical  nutrition  research  units.  The  directors  of  these  units  meet  to  discuss 
common  problems,  to  review  their  experiences  and  achievements.  These  units  have 
developed  an  identity  and  a  focus  for  nutritional  research,  bringing  together 
nutrition  investigators  v;ho  might  not  have  otherwise  cooperated. 

During  the  FY  1931  there  was  productive  research  activity  concerned  with  the 
basic  aspects  of  the  structure  and  function  of  the  digestive  system.  However 
most  of  the  research,  was  disease  oriented,  with  a  focus  on  topics  that  were 
relevant  to  the  elucidation  and  understanding  of  diseases  process.  In  nutrition, 
there  was  considerable  basic  research,  but  a  major  fraction  of  the  research 
activity  was  concerned  with  obesity.  Research  on  minerals,  vitamins  and  protein 
and  amino  acids  accounted  for  the  majority  of  the  remaining  grants.  Of  the 
considerable  amount  of  data  and  information  reported  by  the  grantees  in  digestive 
diseases  and  nutrition  during  the  past  year,  only  a  few  examples  will  be  cited 
as  representative  of  the  progress  that  has  been  made. 
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Esophageal,  Gastric  and  Colonic  Diseases  Program  Area 

(1980  -  1981) 

The  Esophageal ,  Gastric  and  Colonic  Diseases  Program  area  is  responsible  for  the 
GxtrdMjral  sup^^ort  of  grant  ai.'jrJs  and  cotitracts  p-ertaining  to  tne  listed  organs. 
The  following  examples  are   representative  of  the  progress  in  this  area. 

1.   Advances  in  Esophageal  Research 

The  investigations  which  have  been  supported  by  NIADDK  in  the  area  of  esophageal 
structure  and  function  have  focused  on  the  general  problems  of  esophagitis  and 
the  inability  of  the  lower  esophageal  sphincter  (LES)  to  maintain  a  tonus  ade- 
quate to  prevent  the  reflux  of  gastric  contents  into  the  esophagus  (a  common 
cause  of  esophagitis). 

A  common  theory  for  the  production  of  esophagitis  by  Gastro  Esophageal  Reflux 
(GER)  has  been  that  the  pressure  exerted  by  the  LES,  the  LESP,  was  lower  than 
"normal."  However,  investigators  at  The  Medical  College  of  Wisconsin  have  found 
that  a  more  important  contributor  to  GER  is  that  the  waves  of  relaxation  which 
normally  follow  the  propulsion  of  the  bolus  down  the  esophagus  to  the  stomach 
are  extended  in  duration.  This  prolonged  relaxation  then  permits  fluid  from  the 
stomach  to  reflux  into  the  esophagus. 

Additional  investigations  have  been  underway  to  exainine  mechanises  of  cell  damage 
and  destruction  in  the  acute  phase  of  esophagitis.  Grantees  at  the  Univeristy 
of  North  Carolina  have  been  looking  into  t\\e  effect  of  bathing  the  esophagus  with 
HCl  solutions  and  determining  the  effects  after  controlled  changes  of  the  resting 
mei.ibrane  .potential  difference  (PD)  have  been  achieved.  These  investigators 
found  that  some  of  the  basic  electrochemical  properties  of  the  esophageal  mem- 
branes were  disrupted.  For  example,  when  the  resting  membrane  potential  differ- 
ence was  reduced  by  acid  bath  to  0  -  20%  of  the  resting  PD,  there  were  signifi- 
cant decreases  in  mucosal  resistance,  short  circuit  current  and  a  complete 
inhibition  of  net  sodiu:n  transport. 

Extrapolating  from  similar  studies  done  on  frog  tissues,  these  findings  may  be 
explained  by  an  increase  in  sodium  permeability  of  the  cells  and  the  intracellu- 
lar junctions  leading  to  an  increase  in  water  flow.  Continued  hydrogen  ion 
exposure  produces  a  loss  of  volume  regulation  of  actively  transporting  cells 
and  their  eventual  osmotic  death.  It  is  therefore,  concluded  that  sodium  trans- 
port functions  are  necessary  for  normal  architecture  and  barrier  function  of  the 
esophageal  epithelium. 

Functional  and  morphological  studies  have  been  underway  at  the  VA  medical  Center 
at  West  Haven,  Connecticut  to  further  elucidate  the  mechanisms  operating  in  the 
maintenance  or  lack  of  maintenance  of  LESP.  Clinicians  have  known  for  some  time 
that  critically  ill  patients  often  suffer  from  GER  and  pulmonary  aspiration. 
Using  a  cat  shock  model  in  which  controlled  blood  loss  was  maintained,  it  was 
found  that  among  the  complications  observed  was  that  LESP  is  decreased  and  the 
response  to  the  drug  bethanechol  (a  compound  stimulating  smooth  muscle  contraction 
in  the  intestinal  tract  and,  therefore,  usually  increasing  LESP)  is  significantly 
impaired.  When  the  cats  were  returned  to  a  basal  state,  the  basal  tone  of  the 
LES  returns  as  does  the  response  to  bethanechol.   These  data  suggest  that  some 
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as  yet  undefined  parameter  or  set  of  parameters  associated  with  this  model  pre- 
disposes the  critically  ill  patient  to  GER  and  possibly  aspiration. 

The  vagus  nerve  is  known  to  have  a  significant  impact  on  the  basal  tonus  of  the 
LES.  Studies  underway  at  the  University  of  Texas  in  San  Antonio  havG  been 
examining  the  role  of  prostaglandins  in  the  maintenance  of  the  LES.  Studies  in 
which  prostaglandins  were  antagonized  by  the  drug  indomethacin  realized  no  change 
in  the  basal  level  of  the  LESP.  These  data  suggest  that  PG  may  not  be  an  impor- 
tant modulator  of  vagal  activity.  Additional  studies  at  the  Center  for  Ulcer 
Research  and  Education  (CURE)  at  UCLA  have  shown  that  Gastrin  in  its  17  and  34 
amino  acid  forms  has  some  stimulatory  effect  for  increasing  human  LESP.  However, 
controlled  studies  after  a  peptone  that  meal  indicated  no  significant  increase 
in  LESP.  The  authors  go  on  to  conclude  617  and  G34  are  not  likely  to  be  physio- 
logic regulators  of  human  LES. 

Although  the  prostaglandins  and  the  gastrins  don't  appear  to  have  a  significant 
effect  on  LESP,  the  peptide  known  as  Vasoactive  Intestinal  Polypeptide  (VIP) 
has  recently  been  shown  to  influence  LESP.  Investigators  at  The  University  of 
Texas,  San  Antonio  have  used  immunologic  techniques  to  microscopically  identify 
the  presence  of  VIP  in  the  intramural  nerves  innervating  the  LES.  This  compound 
was  shown  to  be  released  when  the  vagus  nerve  is  stimulated.  If  the  VIP  is 
antagonized  immunologically,  the  response  to  vagal  inhibition  in  diminished. 
The  authors  then  conclude  that  VIP  is  and  inhibitory  peptide  in  the  control  of 
vagal  innervation  of  the  LES. 

Another  suggested  mediator  of  neurological  events  has  also  been  studied  at  the 
VA  Medical  Center  at  West  Haven,  Connecticut.  There  has  been  a  ■^ery  rapid  ex- 
pansion in  the  amount  of  information  available  concerning  the  role  of  morphine 
like  compounds,  endorphins,  in  the  normal  functioning  of  the  central  nervous 
system  and  the  digestive  tract  hypothesizing  that  this  class  of  compounds  may 
have  an  impact  on  esophageal  function  since  nerves  secreting  these  compounds 
have  been  identified  in  the  intestinal  tract,  studies  using  morphine  and  enkep- 
halin were  undertaken.  In  vivo  studies  showed  that  morphine  produces  a  relaxa- 
tion of  the  opossum  LES  thru  a  neural  pathway.  If  the  pathway  is  blocked  by  the 
drug  tetrodotoxin,  morphine  is  capable  of  acting  directly  on  the  LES  circular 
muscle  to  produce  contraction.  It  is  possible,  therefore,  that  this  class  of 
compounds  may  act  directly  exerting  its  myogenic  effect. 

2.  Advances  in  Gastric  Research 

A  significant  amount  of  high  quality  work  has  been  produced  dealing  with  the 
physiology  and  pathology  of  the  stomach.  This  section  of  the  report  will  deal 
with  the  topics:  regulation  of  acid  secretion,  production  of  mucus,  and  and 
close  with  an  interesting  methodological  development.  Interspersed  throughout 
will  be  references  to  new  data  relating  to  the  role  of  the  prostaglandins  to 
the  various  gastric  functions. 

a.  Gastric  acid  secretion 

An  interesting  line  of  investigation  at  the  University  of  California  at  Berkley 
deals  with  the  presence  and  role  of  naturally  occurring  microfilaments  in  the 
acid  secreting  cells  (oxyntic)  of  the  stomach. 
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Two  lines  of  evidence  have  appeared  to  suggest  that  microfilaments  are  involved 
in  the  acid  secretory  process.  First,  microscopic  observations  made  during  the 
phases  of  the  acid  secretory  cycle  show  systematic  changes  in  the  microfilament 
ultrastructure  in  the  cells.  Second,  there  is  a  positive  relationship  between 
the  inhibition  of  hydrogen  ion  secretion  and  the  microfilament  disruption  which 
results  froia  treatment  v;ith  Cytochdl  asl  ii  6.  Suosequent  investigations  have 
shown  that  the  microfilaments  appear  to  be  composed  of  act  in  (one  of  the 
muscular  contractile  proteins),  that  the  filaments  are  highly  organized,  and 
that  a  biochemical  fraction  from  hog  gastric  epithelial  cells  is  rich  in  actin 
and  myosin  (a  second  muscular  contractile  protein). 

Another  interesting  development  is  the  suggestion  that  the  ability  of  the  oxntic 
cells  of  the  stomach  to  recognize  gastrin,  a  hormone  which  stimulates  the  secre- 
tion of  gastric  acid,  takes  time  to  develop  after  birth;  at  least  in  rats. 
Grantees  at  the  University  of  Texas  Health  Sciences  Center  at  Houston  have  found 
the  newbron  animals  have  no  detectable  gastrin  binding  ability  and  have  extra- 
ordinarily high  levels  of  circulating  gastrin.  During  the  course  of  the  neonatal 
rats'  development,  circulating  gastrin  levels  decline  until  at  approximately  40 
days  of  age  when  the  gastrin  levels  are  at  adult  levels.  The  relation  between 
this  decrease  to  day  40  and  the  time  of  weaning  was  also  investigated.  It  now 
appears  that  the  ingestion  of  solid  food  contributes  to  but  is  not  the  sole 
source  of  this  gastrin  reduction  and  gastric  sensitivity  to  gastrin. 

The  importance  of  a  balanced  animal  diet  for  the  normal  post-prandial  release  of 
gastrin  was  pointed  out  by  another  investigator  at  the  University  of  Texas  Health  i 
Sciences  Center  at  Houston.  Testing  a  number  of  chemically  defined  diets  v/hich  ' 
are  used  for  various  types  of  experimental  procedures,  it  was  found  that  all  rats 
ingesting  these  chemically  defined  diets  had  gastrin  levels  that  were  signifi- 
cantly less  than  the  gastrin  levels  found  in  rats  receiving  a  lab  chow  diet. 
The  investigator  concluded  that  either  there  is  an  important  element  missing 
from  the  diets  or  that  there  was  some  undefined  elements  in  the  diet  which  was 
inhibiting  the  release  of  gastrin. 

Since  the  observations  that  naturally  occurring  prostaglandins  (PGs)  have  a 
cytoprotecti ve  effect  on  the  gastric  mucosa,  many  investigations  have  been  con- 
ducted in  an  attempt  to  determine  the  precise  mechanism(s)  by  which  this  pro- 
tection occurs.  Investigations  at  CURE  have  recently  examined  the  role  of  PGs 
in  the  secretion  of  bicarbonate  ion,  a  gastric  secretion  which  neutralizes  the 
effect  of  the  stomach's  acid.  Studies  were  undertaken  to  ascertain  the  role  of 
topical  and  intravenously  (IV)  applied  prostaglandins  on  bicarbonate  ion  secre- 
tion. Initial  studies  indicate  that  topically  applied  PGE2  stimulates  bicar- 
bonate secretion  more  effectively  than  IV  PGE2,  a  situation  which  is  likely  due 
to  the  rapid  metabolism  of  the  PGs  as  they  pass  through  various  organs  such  as 
the  lungs.  Further  studies  showed  that  an  increase  in  the  hydrogen  ion  concen- 
tration bathing  the  gastric  mucosa  does  not  increase  bicarbonate  entry  into 
the  lumen  of  the  stomach.  Lastly,  the  PGE2  stimulated  bicarbonate  secretion 
was  shown  to  be  sensitive  to  the  carbonic  anhydrase  inhibitor,  acetazolamide. 

Stress  ulceration  is  a  topic  which  throughout  the  years  has  received  a  good  deal 
of  attention,  especially  in  the  popular  press.   Two  laboratories  supported  by  , 
NIADDK  are  presently  working  on  two  different  aspects  to  this  problem.   Investi-  ( 
gators  at  the  University  of  Virginia  School  of  Medicine  have  been  interested  in 
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erosive  gastritis  and  stress  ulceration.  This  group  has  found  that  in  alkaline 
reflux  gastritis  (the  post  gastrectomy  syndrome)  the  severity  of  the  problem  is 
related  positively  with  the  concentration  of  intragastric  bile  acids  which  are 
forced  into  the  pyloric  end  of  the  stomach  by  the  small  intestine.  Their  inves- 
tigations have  shown  that  one  of  the  bile  acids,  taurodeoxycholic  acid  (TDC), 
produces  a  greater  decrease  in  the  membrane  potential  difference  of  the  pyloric 
gastric  cells,  a  greater  increase  in  mucosal  perneabilty  to  hydrogen  ion,  and  in 
ischemic  mucosa  a  more  serious  degree  of  gross  anatomical  damage  than  taurocholic 
acid.  The  investigators  hypothesize  that  the  greater  destructive  power  of  TDC 
may  be  due  to  the  fact  that  it  has  a  much  greater  lipid  solubility  than  taurocho- 
lic acid. 

Other  investigators  at  the  Montefiore  Hospital  and  Albert  Einstein  School  of 
Medicine  in  New  York  City  have  discovered  that  the  premature  separation  of  a 
mother  rat  from  her  pups  will  predispose  the  pups  to  a  high  incidence  of 
restraint-induced  gastric  erosions  later  in  life.  The  increased  susceptibility 
is  induced  by  the  early  loss  of  maternal  milk  and  is  expressed  as  a  disturbance 
of  body  temperature  at  the  time  of  restraint.  In  isolating  the  factors  involved, 
the  group  discovered  that  a  consequence  of  the  body  temperature  disturbance  is 
an  increase  in  gastric  hydrogen  ion  secretion  during  the  restraint  period.  It 
is  also  of  note  that  this  susceptibility  is  not  limited  to  the  Fl  progeny.  If 
one  takes  the  prematurely  separated  female  rats  and  mates  them  with  stock  males, 
the  progeny  of  this  pairing  produces  offspring  which  also  have  and  increased 
tendency  to  get  restraint  induced  gastric  ulcers. 

b.  Gastric  Mucus  Production 

The  importance  of  mucus  in  the  protection  of  the  stomach  against  autodigestion 
of  its  own  secretions  has  been  suggested  for  many  years.  With  the  recent  advan- 
ces in  technology  significant  strides  have  been. made  in  identifying  more  pre- 
cisely what  the  mucus  is  and  what  causes  it  to  be  secreted.  Two  series  of 
studies  relating  to  the  composition  and  production  of  gastric  mucus  will  be 
described  here. 

One  group  of  investigators  at  the  New  York  Medical  College  has  been  interested 
in  the  biochemical  composition  of  the  lipid  portions  of  the  gastric  mucus.  They 
have  found  that  in  the  pyloric  region  of  the  stomach  the  mucus  contains  much 
higher  concentrations  of  glyerogl ucolipds  than  mucus  from  any  other  portion  of 
the  stomach.  They  have  proposed  that  these  lipid  bind  to  the  gastric  mucosa 
tightly  in  the  region  of  the  pylorus  and  thereby  serve  as  a  protective  molecular 
layer  for  the  mucosa.  This  hypothesis  is  supported  by  the  observation  that  the 
ulcerogenic  activity  of  lysolecithins  and  other  lipid  solubilizing  agents  in  the 
duodenum  are  associated  with  their  ability  to  deplete  the  gastric  mucosa  barrier 
of  the  glycerglucolipids,  thereby  disrupting  the  defensive  layer.  Such  studies 
may  lead  to  the  production  of  agents  which  might  be  administered  to  patients 
and  which  would  have  the  same  protective  properties. 

The  role  of  prostaglandins  in  mucus  production  has  been  investigated  by  scien- 
tists at  CURE  in  Los  Angeles.  These  investigators  found  that  there  was  a  signi- 
ficant difference  in  the  non-stimulated  mucosal  layer  thickness  in  the  rat, 
guinea  pig,  dog  and  human.  The  species  differences  raise  interesting  possibili- 
ties in  terms  of  susceptibility  of  the  different  species  to  the  ulceration  pro- 
cess under  standard  conditions.   If  there  is  a  difference  in  ulcerogenic  suscep- 
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tibility,  is  there  a  correlation  with  the  thickness  of  the  mucus?  If  so,  are 
there  any  chemical  factors  within  the  different  types  of  mucus  which  enhance  the 
protective  effect  even  though  the  layer  is  thinner?  Such  possibilities  are  worthy 
of  investigation. 

Several  factors  were  found  which  could  alter  the  thickness  of  the  mucus  layer. 
Causing  distension  of  the  stomach  by  pyloric  ligation  caused  an  increase  ■in 
mucus  thickness  that  was  directly  proportional  to  the  degree  of  distension.  In 
addition  mucus  secretion  could  also  be  produced  by  the  topical  application  of 
PGE2  in  a  dose  dependent  fashion.  Another  agent,  carbenoxolone  (an  aldosterone 
like  steroid  that  promotes  gastric  ulcer  healing),  was  also  found  to  increase 
the  gel  mucus  thickness.  It  appears  as  a  result  of  these  investigations  that 
the  secretion  of  mucus  is  a  dynamic  process  undergoing  change  based  on  the  physi- 
ological and  pharmacological  state  of  the  animal.  It  would  be  interesting  to 
know  v/hether  the  ability  to  secrete  mucus  varies  over  time. 

c.  Measurement  of  Intravesicular  pH 

It  would  be  helpful  to  the  understanding  of  the  acid  secretory  process  to  be 
able  to  identify  changes  in  the  pH  gradient  within  individual  cells.  Previous 
methods  have  the  the  drawbacks  of  having  to  using  high  concentrations  of  probe, 
measuring  the  volume  of  the  cell  in  question  and  using  fluoresence  quenching  as 
the  indicator.  Investigators  at  the  University  of  California  at  Berkley  have 
developed  a  novel  approach  to  measure  the  intravesicular  pH  of  cells  using 
fluorescent  probes.  Basically,  the  method  uses  the  pH  dependent  shift  of  the 
emission  maximum  of  2  fluorescent  amines,  quinine  and  acridine.  Thes'5  tv/o 
probes  distribute  themselves  accoi^ding  to  the  existing  pH  gradients.  Then  by 
comparing  the  fluoresence  in  acidic  and  basic  environments,  it  is  possible  to 
detennine  the  internal  pH  of  the  cell.  These  results  were  published  in  BBA 
(601:   152,  1980). 

3.  Advances  in  Colonic  Research 

Research  has  continued  on  a  number  of  fronts  to  furtlier  understand  the  mechanisms 
operating  in  the  colon  under  normal  and  pathologcal  conditions.  This  discussion 
will  be  limited  to  a  brief  description  of  activities  being  conducted  in  two 
particular  areas.  The  first  dealing  with  inflammatory  bowel  disease  (IBD)  and 
the  second  dealing  with  a  related  problem;  that  of  post  antibiotic  bacterial 
colonization  of  the  colon  by  CLOSTRIDIUM  DIFFICLE. 

a.   IBD 

Most  of  the  work  dealing  with  IBD,  colitis,  ulcerative  colitis  and,  Crohn's 
Disease,  has  centered  around  the  functioning  of  the  immune  system  in  these  pa- 
tients. One  test  which  has  seen  some  success  in  explaining  some  of  the  problems 
associated  with  IBD  is  the  mixed  lymphocyte  culture  response  (MLC).  It  is 
believed  that  a  healthy  immune  system  is  constantly  "alert"  to  the  presence  of 
transformed  cells  v/hich  may,  for  example,  be  pre-mal  ignant  or  newly  formed  malig- 
nant cells.  With  a  depression  of  the  immune  system,  it  is  held  that  the  resis- 
tance to  such  abnormal  cells  is  depressed  and  the  subject  is  at  high  risk  for 
developing  a  neoplasm. 
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One  test  which  is  used  to  assess  immune  function  is  called  the  mixed  lymphocyte 
culture  response.  Researchers  at  Harvard  University  have  found  that  53%  of  the 
patients  with  IBD  who  were  tested  with  the  MLC  were  found  to  have  had  a  signifi- 
cant depression  in  that  lymphocyte  response.  These  data,  which  were  controlled 
for  treatment  regimens,  suggest  that  the  immune  system  in  the  tested  patients 
was  compromised. 

Another  group  of  investigators  at  the  Howard  Hughes  Medical  Research  Institute 
and  Washington  University  in  St.  Louis,  has  been  looking  into  the  changes  which 
occur  in  antibody  production  in  patients  with  IBD  and  Chron's  Disease.  These 
investigators  have  found  two  distinctly  different  patterns  of  secretion  of  three 
antibodies:  IgG,  IgM  and  IgA.  In  normal  individuals  and  patients  with  ulcerative 
colitis,  some  of  the  cells  which  produce  the  above  antibodies,  the  intestinal 
mononuclear  cells,  were  found  to  have  a  moderately  increased  spontaneous  secre- 
tion of  IgG  and  IgM  and  a  marked  increase  in  the  spontaneous  secretion  of  IgA. 
In  Crohn's  tissue  Intestinal  mononuclear  cells  exhibited  IgG,  IgM  and  IgA  secre- 
tory patterns  which  were  similar  to  normal  peripheral  blood  mononuclear  cells 
with  low  spontaneous  secretion.  The  results  suggest  that  further  investigations 
should  be  undertaken  with  emphasis  'on  cell  regulatory  mechanisms  to  determine 
the  antigens  toward  which  the  antibodies  are  directed. 

b.  CLOSTRIDIUM  DIFFICLE  Complications  of  Antibiotic  Therapy 

Antibiotics  are  widely  known  to  the  medical  profession  to  generate  a  form  of 
colitis  characterized  by  watery  diarrhea.   One  of  the  organisms  which  has  been 

commonly  implicated  in  this  disease  is  CLOSTRIDIUM  DIFFICLE.  This  organism 
colonizes  the  bov;el  after  the  endogenous  bacteria  have  b;^en  destroyed  by  the 
antibiotic  therapy.  The  toxin  produced  by  C.  DIFFICLE  produces  the  untoward 
results  of  diarrhea  and  dehydration. 

Investigators  at  Harvard  University  have  found  a  very  strong  correlation  between 
the  presence  of  the  bacterial  toxin  in  the  stools  in  patients  suffering  relapses 
of  IBD.  There  results  suggested  that  the  association  of  the  toxin  with  the 
disease  increases  substantially  with  the  severity  of  the  attack.  For  example, 
in  mild  attacks  of  IBD  the  toxin  was  not  found  in  any  of  25  patients.  But  in  15 
patients  who  had  severe  flares,  the  toxin  was  detected  in  9  patients.  Therapy 
with  the  anitbiotic  vancomycin  was  effective  in  5  of  8  patients  tested.  The 
authors  conclude  that  C.  DIFFICLE  infection  may  accompany  symptomatic  relapse  of 
chronic  IBD  even  in  the  absence  of  prior  antibiotic  exposure. 

Investigators  at  the  University  of  Michigan  have  looked  at  a  number  of  problems 
with  C.  DIFFICLE.  Not  only  does  the  treatment  with  an  antibiotic  render  the 
patient  vulnerable  to  colonization  with  diarrhea,  other  stress  such  as  surgery 
to  the  alimentary  tract,  and  treatment  with  immunosuppressive  drugs  has  also 
been  shown  to  increase  the  likelihood  of  such  an  attack.  This  group  has  found 
the  anticancer  drug,  methotrexate,  a  known  immunosuppressor,  also  predisposes 
the  patient  to  C.  DIFFICLE  infection.  The  investigators  conclude  that  anti- 
cancer drugs  should  also  be  added  to  the  list  of  potential  agents  which  may 
cause  C.  DIFFICLE  colitis. 
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In  investigating  some  of  the  epidemiological  characteristics  of  C.  DIFFICLE  this  ( 
group  also  found  that  the  organism  is  extraordianrily  hearty.  When  areas  of  a 
floor  were  innoculated  with  this  organism,  it  was  still  possible  to  detect  it 
with  culture  methods  5  months  later.  This  observation  coupled  with  the  findings 
that  the  organism  can  be  cultured  from  the  walls  of  hospital  rooms  of  patients 
with  C.  DIFFICLE  infection  and  from  the  hands  of  the  staff  who  are  caring  for 
those  patients,  led  the  group  to  further  conclude  that  the-  organise  can  evidently 
be  spread  with  ease  and  that  precautions  should  be  taken  1.  to  prevent  the  expo- 
sure of  patients  who  are  receiving  antibiotic  therapy  to  other  patients  who  have 
identified  C.  DIFFICLE  infections;  and  2.  to  ensure  that  infected  animals  in 
animal  colonies  are  quarantined  to  prevent  the  spread  of  the  disease  throughout 
the  whole  colony. 
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LIVER  AND  BILIARY  TRACT  DISEASES 
1980  -  1981 


Overview 


The  program  area  supports  research  concerning  the  broad  area  of  liver  and  biliary 
tract  disease,  including  basic  physiology,  metabolism  and  morphology.  Basic 
studies  on  collagen  metabolism  as  it  relates  to  liver  fibrosis  and  cirrhosis; 
Wilson's  disease,  primary  biliary  cirrhosis,  hepatic  coma  and  portal  hypertension 
are  all  areas  of  investigation.  Bile  pigment  metabolism  and  its  relationship  to 
jaundice,  Gilberts',  Dubin-Johnson  and  Crigler-Najjar  syndrome  and  hepatic  por- 
phyria are  another  group  of  metabolic  diseases  under  study.  Also  in  the  program 
are  studies  on  liver  regeneration,  liver  transplantation  and  liver  support  de- 
vices as  well  as  the  morphologic  liver  abnormalities  of  Reye's  syndrome,  fatty 
liver  and  alcoholic  hyaline.  Diseases  of  the  biliary  tract  such  as  cholesterol 
and  pigment  gallstone  disease,  cholestasis  and  biliary  tract  diseases  of  the  new- 
born such  as  biliary  atresia  are  also  part  of  the  program. 

Highlights  of  research  activities  of  grant-supported  investigators  will  be  found 
in  the  first  section  of  the  following  report.  Results  of  the  clinical  trial  on 
cholesterol  gallstone  dissolution  and  a  description  of  two  workshops  will  be 
found  in  the  remaining  sections  of  the  report. 

I .  Research  and  Center  Grant  Activity 

1.  Liver  Cell  Heterogeneity 

We  have  come  almost  full  circle  in  the  nearly  30  years  since  Rappoport 
defined  the  liver  structure  in  terms  of  functional  microvascular  units  (acini) 
rather  than  morphologic  units  (lobules).  Recent  innovative  and  technically 
tedious  research  reviewed  by  Gumucio  and  Miller  (Gastro  1981:  80,  393-403)  makes 
a  yery   convincing  case  that  one  liver  cell  is  not  like  the  next  liver  cell  and 
that  this  heterogeneity  of  function  is  dependent  at  least  in  part  on  their  lo- 
cation in  the  acini.  The  inlet  for  the  very  small  branches  carrying  portal  and 
arterial  blood  enter  into  an  area  of  liver  cells  termed  zone  1,  pass  through 
a  rather  il 1 -demarcated  zone  2  and  the  blood  exits  via  the  terminal  hepatic  vein 
at  the  end  of  zone  3.  As  the  blood  enters  in  zone  1,  it  is  sequentially  distri- 
buted on  each  side  of  the  axis  to  about  20  liver  cells  before  emptying  into  the 
terminal  hepatic  venules  of  zone  3.  In  zone  1,  the  sinusoids  are  highly  anas- 
tomosed whereas  those  of  zone  3  are  straight.  Differences  in  metabolism,  cell 
size,  drug  metabolism,  liver  damage  and  bile  formation  have  been  demonstrated 
between  these  zones.  These  differences  have  broad  implications  for  understanding 
liver  disease  at  the  clinical  level. 

Metabolism:  After  eating,  glycogen  is  stored  initially  in  zone  1  and 
later  gets  to  the  central  (zone  3)  area.  In  break-down  of  glycogen  just  the 
opposite  is  seen  -  glycogen  disappears  first  from  zone  3.  When  tissue  from  these 
areas  are  microdissected  and  analyzed  by  extremely  sensitive  methods,  the  enzymes 
necessary  for  glycogen  synthesis  are  found  to  be  located  in  zone  1  (inlet  area) 
whereas  enzymes  required  for  glycogen  breakdown  are  located  predominately  in  zone 
3  (outlet  area),  a  good  correlation  of  structure  with  function.  Blood  with  high 
loads  of  nutrients  from  gut  absorption  enters  the  liver  in  zone  1  and  glycogen  is 
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readily  made  as  a  storage  form  of  energy.  These  zonal  differences  are  not  found 
for  protein  metabolism  and  data  on  the  localization  of  lipid  metabolism  is  still 
insufficient. 

Bile  Formation:  Another  grantee  (A.  C.  Jones,  U.  Calif.,  Am.  J.  Physiol. 
238:  G  233-237  (1980)  showed  directly  by  autoradiography  that  the  first  6-9  liver 
cells  remove  almost  60-  of  bile  acids  from  the  sinusoidal  blood  entering  at  zone 
1.  He  accomplished  this  direct  measurement  where  others^bad  been  unsuccessful 
by  using  an  iodinated  poorly  soluble  bile  acid  analog,     I-cholylglycylhista- 
mine.  This  lobular  concentration  gradient  for  bile  salts  need  not  be  due  to  any 
intrinsic  properties  of  the  liver  cells  in  zone  1  but  may  be  expected  for  sub- 
stances which  undergo  an  efficient  extraction  from  sinusoidal  blood.  Therefore, 
under  physiological  conditions,  the  cells  of  acinar  zone  1  are  primarily  involved 
in  secretion  of  the  bile-salt  dependent  fraction  of  bile.  On  the  other  hand, 
cells  of  zone  3  may  be  the  ones  contributing  to  the  bile-salt  independent  flow 
because  damage  to  zone  3  by  carbon-tetrachloride,  is  associated  with  decreases  in 
bile  flow  but  no  interference  with  zone  1  bile  acid  dependent  flow. 

The  recent  microdissection  of  acinar  zones,  the  development  of  very 
sensitive  methods  of  analysis  and  the  separation  by  the  density  or  volume  of  the 
cells  are  all  opening  up  new  avenues  for  research  in  this  exciting  area. 

2.  Pigment  Gal Istones 

About  25%  of  the  patients  with  gallstones  in  the  United  States  may  have 
a  little  studied  and  poorly  understood  type  of  gallstone,  the  pigment  stone. 
Only  a  few  investigators  in  the  United  States  are  studying  this  type  of  disorder 
so  that  an  international  workshop  was  held  to  bring  together  investigators  from 
various  countries.  There  are  two  major  types  of  pigment  stones:  the  calcium 
bilirubinate  or  brown  stone  forms  mainly  in  the  bile  ducts  and  may  be  caused  by 
bile  stasis  and  bacterial  infection.   It  is  soft,  pliable  and  composed  of  bili- 
rubin, calcium  and  cholesterol.  The  second  type  is  the  pure  pigment  stone  or 
black  stone  which  forms  only  in  the  gallbladder,  it  is  hard  and  brittle  and  in 
some  cases  is  associated  with  overproduction  of  bilirubin  such  as  occurs  in 
spherocystosis .  These  stones  are  composed  of  bilirubin,  an  unextractable  black 
residue  and  a  very   small  amount  of  cholesterol.  Soloway,  Univ.  of  Pennsylvania, 
in  a  study,  found  that  pigment  stones  seem  to  occur  in  an  older  population  (older 
than  70  yrs.)  than  do  cholesterol  stones.  All  stones  found  in  a  single  gall- 
bladder are  of  the  same  type.  A  yery   interesting  observation  is  the  geographical 
differences  in  the  types  of  stones  obtained  at  surgery.  For  example,  in  the 
Bolivian  population,  no  pigment  stones  were  found,  only  cholesterol  stones,  which 
may  be  because  the  population  dies  at  too  early  an  age  for  pigment  stones  to 
develop.  Calcium  bilirubinate  stones  (brown  stones)  have  a  very  low  incidence 
in  Europe  and  the  U.S.  but  are  frequent  in  East  Asia.   In  Japan,  for  example, 
about  50%  of  all  gallstones  in  the  prewar  period  were  of  this  type  but  this  pro- 
portion has  been  steadily  decreasing  probably  as  a  result  of  dietary  changes  and 
urbanization.  The  black  stone  is  probably  the  most  difficult  to  characterize 
chemically  since  much  of  the  material  in  the  stones  is  virtually  insoluble  in  all 
solvents.  A  polymer  chemist  working  with  a  former  grantee,  Donald  Ostrow,  (now 
VA-supported) ,  have  data  indicating  that  this  pigment  is  a  highly  crossl inked 
polymer.  Bilirubin  is  probably  polymerized  in  this  network  via  its  vinyl  groups, 
leaving  its  carboxyl  groups  free.  This  would  be  compatable  with  the  much  greater 
degree  of  swelling  of  this  polymer  seen  at  alkaline  pH. 
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The  research  on  pigment  gallstones  is  following  the  lead  of  cholesterol 
gallstones  where  a  condition  of  supersaturation  of  the  bile  with  cholesterol 
could  be  correlated  with  cholesterol  gallstone  formation.  Thus,  Carey  from 
Boston  has  constructed  phase  diagrams  to  produce  metastable  and  supersaturation 
zones  for  unconjugated  bilirubin  as  functions  of  acidity,  calcium  ion  concentra- 
tion, total  lipid  concentration  and  the  bile  salt-lecithin-cholesterol  ratio. 
When  reliable  analytical  data  from  the  literature  are  plotted  on  this  phase  dia- 
gram, the  results  show  that  "pigment"  biles  are  markedly  supersaturated  with  ■ 
unconjugated  bilirubin  whereas  biles  from  animals  without  stones  and  from 
patients  with  cholesterol  stones  are  unsaturated  with  bilirubin. 

Medical  dissolution  of  bilirubinate  stones  retained  in  the  common  bile 
duct  after  surgery  is  a  therapeutic  goal.  Although  mono-octanoin  has  proved 
effective  in  this  respect  for  cholesterol  stones,  it  has  little  effect  on  pig- 
ment stones.  An  investigator  in  Frankfurt  has  tried  a  novel  approach  in  vitro 
using  human  pigment  stones.  The  stones  are  put  into  alternating  solutions  of 
the  mono-octanoin  to  dissolve  the  cholesterol,  then  EDTA  buffered  with  carnosine 
to  chelate  the  calcium  pigments  and  get  them  out  from  their  cross  linking  with 
organic  substances.  Dissolution  occurred  in  40-60  hours.  In  vivo,  these  in- 
vestigators claim  therapeutic  success  with  alternating  treatment  in  16  of  24 
patients. 

3.  Liver  Cell  Death 

There  are  many  agents,  viral,  chemical,  and  bacteriological,  which  pro- 
duce liver  cell  necrosis  or  death.  The  mechanisms  may  be  different  by  which  the 
process  of  irreversible  damage  is  initiated  in  each  of  these  cases.  However, 
Dr.  John  Farber,  a  grantee  at  Temple  Univ.  is  working  on  the  hypothesis  that  a 
common  mechanism  may  be  involved  in  several  or  all.  He  is  looking  at  the  actions 
of  three  different  hepatotoxins :  galactosamine,  phalloidin  and  alcohol.  Toxic 
liver  necrosis  generally  involves  damage  to  the  plasma  membrane  which  results  in 
an  influx  of  lethal  amounts  of  calcium  ions.  Using  primary  cultures  of  adult 
rat  liver  cells,  two  of  the  hepatotoxins,  galactosamine  and  phalloidin,  act  on 
the  plasma  membrane  to  cause  reversible  cell  injury  in  the  absence  of  extra- 
cellular calcium  and  lethal  injury  in  its  presence.  In  both  cases,  there  is 
probably  disruption  of  the  permeability  barrier  function  of  the  plasma  membrane, 
but  the  mechanism  of  damage  is  different  for  each  toxin.  Phalloidin,  a  toxic 
compound  from  the  poisonous  mushroom,  polymerizes  actin  molecules  that  are  either 
associated  with  or  embedded  into  the  plasma  membrane.  If  one  gives  an  agent  like 
Cytochalasin  B  which  reverses  the  effect  on  actin  polymerization,  one  can  prevent 
phalloidin  from  causing  irreversible  liver  cell  damage  in  the  presence  of  calcium. 
The  other  toxin,  galactosamine,  induces  a  deficiency  of  uridine  nucleotides  which 
results  in  altered  plasma  membrane  function.  Giving  uridine  or  uridine-contain- 
ing  compounds  can  prevent  the  cell  death  which  accompanies  the  addition  of 
calcium  to  cells  previously  treated  with  galactosamine.  A  widely  used  toxin, 
alcohol,  seems  to  potentiate  the  liver  injury  of  both  of  these  poisons.  That 
is,  doses  of  phalloidin  or  galactosamine  that  cause  only  minimal  cell  death, 
combined  with  a  dose  of  alcohol  that  causes  no  cell  death,  will  cause  50%  of  the 
cells  to  die  (in  the  presence  of  calcium)  when  combined. 

This  data  may  be  very  relevant  to  the  problem  of  the  sudden  appearance 
of  necrosis  with  alcoholic  hepatitis  after  years  of  alcohol  ingestion.  Random 
exposure  of  the  liver  to  membrane-active  toxins  may  ordinarily  be  well  toler- 
ated. Examples  of  such  toxins  may  include  products  of  intestinal  bacteria, 
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ingested  xenobiotics,  viruses  and  drugs.  However,  in  the  presence  of  alcohol, 
such  agents  may  overwhelm  the  homeostatic  mechanisms  of  the  cell  by  permitting 
an  influx  of  lethal  amounts  of  calcium. 

4.  Other  vignettes  of  interesting  research  advances  this  past  year  are  the 
following: 

•  Time  lapse  photography  of  cultured  liver  cells  that  maintain  an  intact 
tight  junction  show  propulsive,  active  contraction  of  their  bile 
caniliculi.  This  action  appears  to  be  mediated  by  actin  filaments 
around  the  caniliculi  because  cholestasis  occurs  when  the  filaments 
are  inhibited.  This  active  contraction,  never  seen  before,  may  be 
responsible  along  with  hydrostatic  and  osmotic  forces  for  the  flow 

of  bile.      (M.   J.    Phillips,   Toronto) 

•  Zellweger's  syndrome,  characterized  only  in  1964,  is  a  very  rare 
disease  showing  severe  growth  and  mental  retardation,  renal  cortical 
cysts,  and  liver  dysfunction  with  abnormal  mitochondrial  function. 
Using  patients  with  this  disease,  it  was  shown  that  unusual  bile  acids 
form  and  accumulate  because  cleavage  of  the  side  chain  of  cholesterol 
to  form  bile  acids  cannot  occur  because  of  the  mitochondrial  dysfunc- 
tion.  (R.  U.  Hanson,  U.  Minn.) 

•  A  non-absorbable  form  of  sucrose  (sucrose  polyester),  with  the  con- 
sistency of  fat,  when  incorporated  into  the  diet  of  patients  main- 
tained on  a  1000  cal/day  diet,  was  able  to  lower  plasma  cholesterol 
more  than  the  weight  loss  -  low  cholesterol  diet  alone.   (S.  Grundy, 
U.  Cal if . ,  San  Diego) 

•  For  the  past  decade,  hepatologists  have  believed  that  the  histologic 
appearance  of  "bridging  necrosis"  in  a  liver  biopsy  identified 
patients  with  acute  viral  hepatitis  who  were  at  special  risk  to 
either  have  a  fulminant  course  of  the  disease  or  to  develop  cirrhosis. 
According  to  a  prospective  clinical  trial,  the  finding  of  bridging 
necrosis  has  no  prognostic  usefulness  when  the  acute  viral  hepatitis 
is  of  less  than  1  month  duration.  These  patients  usually  have  a 
benign  clinical  course  with  less  than  5%  developing  chronic  hepatitis. 
(Ware,  A.,  U.  Texas,  Southwestern) 

II .  Workshops 

1.  An  NIAMDD  sponsored  "International  Workshop  on  Pigment  Gallstone  Disease" 
was  held  May  13-15,  1981  at  the  University  of  Pennsylvania  in  Philadelphia.  The 
organizers  and  NIAMDD  grantees  were  Drs.  Roger  Soloway  and  Bruce  Trotman.  The 
topics  covered  included  the  classification  of  pigment  gallstones,  epidemiologic 
features,  radiographic  assessment  of  pigment  stones,  composition  of  pigment 
gallstones,  and  the  composition  of  bile  in  patients  with  pigment  stone  disease. 
About  50  people  participated,  including  investigators  from  Japan,  Austria,  Scot- 
land, Belgium,  England,  West  Germany  in  addition  to  the  U.S.  investigators. 

2.  A  workshop,  jointly  sponsored  by  the  American  Association  for  the  Study 
of  Liver  Disease  and  the  NIAMDD  was  held  November  5,  1980  in  Chicago.  The  title 
was  "Physical  and  Biological  Research  Techniques"  and  the  purpose  was  to  provide 
intellectual  stimulation  for  the  young  research  trainee  and  fellow  working  in 


liver  research.  Fifty  attendees  participated  in  this  one  day  workshop  in  which 
six  senior  investigators  presented  such  subjects  as  gas-chromatography-mass 
spectroscopy;  quasielastic  light  scattering;  electron  probe  analysis;  receptors; 
membrane  vesicles  and  radioimmunoassay. 

National  Cooperative  Gallstone  Study  (NCGS) 

NOl-AM-3-2215;  NOl -AM-0-02205 

Cedars-Sinai  Medical  Center    FY80  =  $1,247,479 

III .  The  Dissolution  of  Cholesterol  Gallstones 

This  eight  year  cooperative  clinical  trial  of  916  patients  with  cholesterol 
gallstones  has  been  completed,  including  publication  of  the  main  results  which 
will  appear  in  the  September  1981  issue  of  Annals  of  Internal  Medicine.  The 
total  cost  has  been  $10,245,000  from  June  1973  through  March  1981.  The  contract 
will  continue  through  February  1983  to  accomplish  4  additional  tasks:  (1)  com- 
plete analysis  of  data  from  sub-groups  and  complete  10  additional  manuscripts 
on  the  study;  (2)  complete  the  Phase  III  recurrence  study  of  patients  in  whom 
stones  have  dissolved,  (3)  monitor  the  group  of  former  placebo  patients  who  have 
now  received  the  drug,  and  (4)  prepare  all  data  and  patient  material  for  turnover 
to  NIH  for  repository  purposes. 

The  study  was  designed  to  test  the  efficacy  and  safety  of  two  doses  of 
chenodeoxychol ic  (CDCA)  acid  on  the  dissolution  of  cholesterol  gallstones. 
Earlier  basic  investigations,  also  supported  by  the  NIAMDD,  led  to  the  discovery 
in  1970  at  the  Mayo  Clinic  by  Danzinger,  Schoenfield,  Hofmann  and  Thistle  that 
CDCA  could  dissolve  gallstones.  This  was  the  first  potential  therapy  providing 
an  alternative  to  an  operation.  The  NCGS  was  prompted  primarily  because  of  the 
major  impact  of  gallstones  on  health  care  in  the  U.S.  and  because  insufficient 
information  was  available  on  the  degree  of  efficacy  and  safety  of  CDCA. 

The  randomization  of  treatment  to  the  first  of  916  patients  at  10  hospital 
centers  participating  in  the  major  study  of  the  NCGS  occurred  in  November  1976, 
and  the  last  patient  completed  two  years  of  follow-up  in  August  1980.  Three-hun- 
dred and  five  patients  received  750  mg  CDCA  per  day,  306  received  375  mg  CDCA 
per  day,  and  305  received  placebo.  The  patients  were  monitored  clinically  and 
by  blood  tests  and  x-rays  of  the  gallbladder  at  prescribed  intervals  during  their 
entire  participation. 

Following  are  the  main  findings  of  the  NCGS  after  two  years  of  treatment 
with  750  mg  CDCA  per  day: 

1.  Benefits  of  CDCA 

a.  Complete  dissolution  of  gallstones  occurred  in  14%  of  patients  and 
partial  dissolution  in  an  additional  27%. 

b.  Complete  dissolution  occurred  more  often  in  thin  patients  or  those 
with  small  gallstones  or  with  high  normal  serum  cholesterol  levels. 

c.  Although  partial  and  progressive  dissolution  were  demonstrated, 
the  NCGS  provided  no  information  on  the  efficacy  and  safety  of 
treatment  with  CDCA  beyond  two  years. 
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2.  Effect  of  CDCA  on  Symptoms  or  the  Need  for  Operation 

The  frequency  of  abdominal  pain  caused  by  gallstones  or  the  need  for 
cholecystectomy  during  the  two  years  of  treatment  were  neither  reduced 
nor  increased  by  CDCA. 

3.  Side  Effects  of  CDCA 

a.  Loose  bowel  movements  occurred  in  41;o  of  patients,  but  this 
diarrhea  was  mild. 

b.  Clinically  significant  injury  to  the  liver  occurred  in  3%  of 
patients,  but  the  biochemical  abnormalities  were  reversible  in 

each  case. 

c.  A  mild  (10%)  elevation  of  the  average  serum  cholesterol  occurred 
which  could  impose  a  slightly  increased  risk  of  developing  heart 
disease  in  those  patients  with  an  elevation. 

The  NCGS  concluded  that  chenodeoxychol ic  acid,  750  mg  per  day,  has  a  role 
in  the  treatment  of  appropriately  selected  patients  with  cholesterol  gallstones. 
Treatment  should  be  predicated  on  an  understanding  of  the  potential  benefits 
and  risks  of  the  drug  compared  to  those  of  operation  or  observation.  The  FDA 
now  will  evaluate  the  results  of  the  NCGS  and  the  pending  NDA  applications  from 
pharmaceutical  companies  to  determine  whether  to  allow  the  companies  to  determine 
whether  to  allow  the  companies  to  market  CDCA  in  the  U.S. 
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ANNUAL  REPORT   (1980-1981) 

INTESTINAL  AND   PANCREATIC   DISEASES   PROGRAM 


Although  a  considerable  amount  of  research  and  other  activities,   both  basic 
and  clinical,   has  been  either  reported  by  the  grantees  or  initiated  by  the  Program 
during  the  past  year,   only  a  few  examples  will   be  cited  to  illustrate  the  progress 
that  has  been  made  in  various  areas  of  interest  to  the  Program. 

1.      Small    Intestine: 

(a)  The  intestinal   brush  border  aminool igopeptidases  are   integral 
membrane  proteins  located  at  the  luminal   surface  of  the  small    intestinal   cell. 
These  digestive  hydrolases  are  probably  transmembrane  proteins  whose  active  site 

is  available  at  the  lumen-cell    interface  to  ensure  surface  hydrolysis  of  oligopeptides 
of  four  to  six  amino  acid  residues  which  cannot  be  assimilated  intact  across   the 
intestinal    surface  membrane.     Despite   the  importance  of  these  enzymes  for  protein 
digestion,   and  as   in  the  case  of  other  integral   membrane  proteins   in  mammalian 
systems,    their  intracellular  site  of  synthesis,  mode  of  intracellular  trans- 
location,  and  mechanism  of  membrane  insertion  are  unknown.      Dr.   Gray  et_  al_.      (RO 
AM  15802  and  T32  AH  07056)   at  Stanford  University  School   of  Medicine  have   identified 
aminooligopeptidases   in   rat  jejunum  mucosal   cytosol   which  cross-react  in  a 
sensitive   radioimmunoassay  for  the  brush  border  peptidases.     These  cytosol    peptidases 
were  purified  by  antibody-affinity  chromatography,   and  their  physical   and  chemical 
characteristics  were  compared  with  those  of  their  brush  border  counterparts. 
Analysis   revealed  that  the  cytosol   enzymes  exist  as   three  molecular  weight  isomers, 
having  a  common  subunit  present  as  either  a  monomer   (70,000),   dimer   (140,000),   or 
tetramer   (280,000).     Two  of  these  cytosol    species  are  smaller  by  40,000  daltons 
than   the  comparable  brush  border  aminopeptidases.     Binding  of  the  cytosol   peptidases 
to  concanavalin  A-Sepharose  was  less  comalete  than  that  found  for  the  related 
brush  border  enzymes.    Incorporation  of   (  H)-leucine   in  vivo   into  cytosol   amino- 
peptidases  was  maximal   at  20  min  but  was  not  achieved  in   the  brush  border  membrane 
aminopeptidase  until    1-3  h.     These  cytosol   aminopeptidases  have  the  appropriate 
characteristics   to  serve  as  precursors  of  the  surface  membrane  peptidases  at  some 
stage  of  the  intracellular  assembly  process. 

(b)  Microvilli   are  fingerlike  plasma  membrane  specializations   found  on 
the  free  surfaces  of  most  cells.     The  microvillus  cytoskeleton  is  composed,   in 
part,   of  a  core  bundle  of  actin  microfilaments  which  inserts  end-on  into  an 
electron-dense  cap  at  the  microvillus   tip.     The  remainder  of  the  microvillus 
cytoskeleton  includes  cross-links  which  appear  to  link   the  microfilaments   into  a 
bundle  and  periodic  lateral   arms   (cross-filaments  or  cross-bridges)   which  connect 
the  bundle  laterally  to  the  microvillus  membrane.     The  absorptive  surface  of  some 
epithelial   cells,   such  as  those  of  the  intestine,   are  covered  with  hexagonally 
packed  microvilli   organized  into  a   structure  termed  the  brush  border.     Dr.    Burgess 
e^al.      (ROl  AM  20021)   at  Dartmouth  College,   Hanover,   N.H.   have  examined  the 
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effects  of  ATP  and  deoxycholate   (DOC)   on  the  cytoskeletal   organization  of  Triton-       | 
demembranated  microvilli    isolated  from  chicken   intestine  brush  borders.      Isolated       " 
microvilli   are  composed  of  a  core  of  tightly  bundled  microfilaments   from  which 
arms   project  laterally  to  the  plasma  membrane  with  a   33-nm  periodicity.     These 
lateral   arms   spiral   around  the  core  microfilaments  as  a  helix  with  a  25     pitch. 
Demembranated  microvilli   consist  of  four  polypeptides  with  mol   wt  of  110,000, 
95,000,   b8,000,   and  42,000,   present^jn  molar  ratios  of  1.1:1.6:1.3:10.0.     After 
addition  of  50  uH  ATP  and  0.1  mM  Hg      ,   the  cytoskeletons  are  organized  as  a   tight 
bundle  of  microfilaments   from  which  lateral   arms  are  missing.      In   these  ATP- 
treated  cytoskeletons,   the   110-kdalton  polypeptide   is   reduced  in  amount  and  the 
95,000,   68,000,  and  42,000  polypeptides  are  present  in  a   1.3:1.2:10.0  ratio.      In 
contrast,   after  incubation  with  0.5.^  DOC,   the  core  microfilaments  are  no  longer 
tightly  bundled,  yet  the  lateral   arms   remain  attached  with  a   distinct  33-nm 
periodicity.     These  DOC-treated  cytoskeletons  are  depleted  of  the  95,000  and 
68,000  polypeptides  and  are  composed  of  the   110,000  and  42,000  polypeptides   in  a 
2:10  molar  ratio.     These  results  suggest  that  the  microfilaments   are  associated 
into  a  core  bundle  by  the  95-  and  68-kdalton  polypeptides  and  from  this   core 
bundle  project  the  lateral   arms  composed  of  the   110-kdalton  polypeptide. 

(c)  The  study  of  diseases  of  the  intestinal   epithelium   (mucosa)   has 
always  been  limited  by  the  need  for  mucosal   biopsies  to  examine  the  histology  and 
the  enzymes  characteristic  of  an   intact,  mature  mucosa.      Dr.   Luk  et  al_.      (K08  AM 
00774)   at  Johns  Hopkins  University  School   of  Medicine  have   recently  reported  that 
the  activity  of  diamine  oxidase   (DAO;   histaminase) ,  an  enzyme   found  in  high 
concentrations   in  the  intestinal   mucosa  of  humans  and  other  mammalian  species, 

may  be  the  first  known  circulating  marker  for  monitoring  mucosal   maturation  and  i 

integrity.      Specifically,    they  investigated  whether  plasma  and  mucosal    levels  of        " 
DAO  activity  reflect  both  the  maturational    status  of  the  mucosa   during   its  developmen 
in  the  newborn   rat  and  the  degree  of  mucosal    damage  during   its   injury  in  the 
adult  rat.     Litter  mates  were   reared  under  identical   conditions  and  killed  at 
different  ages   from  day  0  to  day  40  after  birth.      DAO   in   the  small    intestine  was 
low  at  birth,    increased  gradually  with  age,    reached  a  peak  at  22  days,  and  then 
remained  at  normal   adult  levels,   similar  to  the  development  patterns  of  maltase 
and  sucrase.     Plasma  DAO  rose  in  parallel   with   intestinal    levels,    reached  a  peak 
at  24  days,   and  then  remained  at  normal   adult  levels.      DAO  activity  in   15  non- 
intestinal    tissues  was   less   than   5  .  of  ileal   mucosal    activity,   and  no  nonintest- 
inal   activities  showed  increase  with  age.     Adult   rat  intestinal    loops  were   per- 
fused with  hyperosmolar  sodium  sulfate  solutions   to  produce   selective  damage  to 
villus  mucosa.     With  increasing  mucosal   damage,   there  was  a  progressive  decrease 
in   the  enzyme  activities  studied;   first,    lactase  levels   fell,   then  maltase  and 
sucrase,   and  finally  mucosal   and  plasma  DAO  activity  levels   fell.     The  decrease 
in  plasma  DAO  reflected  the  degree  of  mucosal    damage.      DAO  activity  is   thus 
unique  among  intestinal   mucosal   enzymes  studied  to  date   in   that  circulating  | 

levels  can   serve  as  a  marker  of  mucosal   maturation  and  integrity. 

(d)  During  the   intestinal    absorption  of  cholesterol,   70-90     of  the 
latter  undergoes  esterif ication.     The  efficiency  of  this  esterification   is  a 
regulatory  factor  in  cholesterol    absorption.     A  cholesterol   esterifying  enzyme, 
cholesterol   esterase,   active   in  crude  extracts  of  intestinal   mucosa   from  rat  and 
other  species  and  associated  with  isolated  rat  intestinal   cells,   can  account  for 
cholesterol    flux  from  the  intestine.     However,   there  are  conflicting   reports  ii 
concerning   the  localization  and  origin  of  this  enzyme.     Using  an   immunocytochemical  fl 
approach  which  employed  monospecific   rabbit  antisera   to   rat  pancreas  cholesterol 
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esterase.   Dr.   Gallo  et  al-      (ROl  AM  26346)  at  the  George  Washington  University 
School   of  Medicine  and  Health  Sciences  determined  the   localization  of  this   pancreatic 
enzyme  within  the  wall   of  rat  small    intestine.     The  enzyme  was   found  to  be  uniformly 
distributed  within  the  absorptive  cells,   but  was  notably  absent  from  the  micro- 
villar  membrane.     Enzyme  was  also  seen  within  the  lamina  propria  and  submucosa. 
In  contrast,   enzyme  was   absent  from  sections  of  proximal    intestine  surgically 
deprived  of  pancreatic  juice   for  72  hours.      Furthermore,   the  enzyme  concentration 
in  sections  of  normal    intestine  decreased  with   increasing  distance  from  the 
pancreatic  duct.     These  observations   support  the  concept  that  "intestinal"  cholest- 
erol  esterase  is  of  pancreatic  origin.     This  enzyme   is  localized  within  the  cells 
as  opposed  to  the  absorptive  surface. 

(e)  Long-chain  fatty  acids  are  absorbed  by  a  process   that  requires  an 
obligatory  intracellular  esterification.      Different  regions  of  the  small    intestine 
possess   different  capacities  for  fatty  acid  esterification.     However,   the  diff- 
erences  in  the  esterification  capacity  along  the  villus-crypt  structure  have  not 
been  evaluated.      It  is  well    known  that  intestinal   epithelial    cells  mature  while 
migrating  from  the  base  of  the  crypt  to  the  tip  of  the  villi.     This   is   reflected 
fn  differentiation  of  various  enzyme  activities  along   the  villus-crypt  structure. 
Brush   border  disaccharidases  and  alkaline  phosphatase  activities  are  high   in  the 
villus   cells  while  absent  in  the  crypts.      In  contrast,   thymidine  kinase  activity 
is   predominantly  concentrated  in  crypt  cells.     While  varying  enzyme  distributions 
along   the  villus-crypt  unit  have  been  interpreted  as   a   "functional    differentiation," 
little  information  is  actually  available  concerning  the  differentiation  of  absorp- 
tive function  along  the  villus-crypt  units.     Dr.    Koldovsky  et  al_.      (ROl  AM  27624) 

at  the  University  of  Arizona  have  recently  measured  the  fatty  acid  esterification 
capacity   (i.e.,   incorporation  of  fatty  acid  into   triglyceride)   and  lipid  ester- 
ifying  enzyme  activities   (viz.,  acyl   CoA  synthetase  and  acyl    CoA  monoglyceride 
acyl    transferase)   along  the  height  of  the  villus-crypt  units   in  rat  jejunum. 
Their  data  show  that   (a)   fatty  acid  esterification  capacity  is   apically  concentrated 
on   the  villus-crypt  units,   and   (b)   fatty  acid  esterifying  enzymes  have  a  similar 
distribution  pattern,   implying  that  the  apical    distribution  of  esterification 
capacity   is  a  property  of  the  villus-crypt  unit. 

(f)  Heat-stable  enterotoxin,  elaborated  by  some  enteric  strains   of 
Escherichia  coli ,   has  been  implicated  as  a  causative  agent  of  diarrhea  in  both 
infants  and  adults.     This  toxin  is  a  small    polypeptide  with   reported  molecular 
weights   ranging  from  1972  to  5100  depending  on  the  bacterial   strain.     Although 

the  capacity  of  heat-stable  enterotoxin-producing  bacteria  and/or  culture  filtrates 
of  these  bacteria   to  increase  intestinal   fluid  secretion  has  been  well    documented, 
there  was,   until    recently,   little  information  about  the  probable  mechanism  by 
which  the  toxin  elicits   this  effect.      In  contrast  to  heat-labile  E.   coli   entero- 
toxin  and  cholera  toxin,   the  heat-stable  toxin-stimulated  fluid  secretion   is 
associated  with  an  increase  of  cyclic  GMP  but  not  of  cyclic  AMP  concentration. 
Furthermore,   this   increase  in  cyclic  GMP  concentration   is  due   to  an  activation  of 
guanylate  cyclase  rather  than  to  an   inhibition  of  cyclic  GMP  phosphodiesterase. 
Drs.    Field  and  Smith   (ROl  AM  21345  and  F32  AM  05973)   at  the  University  of  Chicago 
have  recently  examined  the  tissue  specificity  of  its  action  and  the  relation  of 
its  action  to  those  of  the  8-bromo  analogues  of  cyclic  GMP  and  cyclic  AMP.     Heat- 
stable  enterotoxin  stimulated  guanylate  cyclase  activity  and  increased  cyclic  GMP 
concentration   throughout  the  small   and  large   intestine.      It  increased  transepi thel lal 
electric  potential   difference  and  short-circuit  current  in  the  jejunum,   ileum, 
and  caecum,   but  not  in  the  duodenum  or  distal   colon.     This   pattern  of  electrical 
responses  was  mimicked  by  8-bromo-cycl ic  GMP.     However,   8-bromo-cycl ic  AMP  produced 
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an  electrical   response  in  all   intestinal   segments.     The  enterotoxin  failed  to 
stimulate  guanylate  cyclase  in  liver,   lung,   pancreas,   or  gastric  antral   mucosa. 
In   the   intestines,   it  stimulated  only  the  particulate  and  not  the  soluble  form  of 
the  enzyme.     Preincubation  of  the  toxin  with   intestinal   membranes   did  not  render 
it  capable  of  stimulating  pancreatic  guanylate  cyclase.     Cytosol    factors  did  not 
enhance   the  toxin's  stimulation  of  intestinal   guanylate  cyclase.     This   study 
supports   the   role  of  cyclic  GMP  as   intracellular  mediator  for  heat-stable  entero- 
toxin and  suggests  that  the  toxin  affects  a  membrane-mediated  mechanism  for 
guanylate  cyclase  activation   th^t  is   unique  to   the  intestines. 

2.     Pancreas: 

(a)  Increased  pancreatic  secretion  is  accepted  as  one  of  the  important 
pathogenic  mechanisms  by  which  alcohol  ingestion  leads  to  acute  pancreatitis. 
Alcohol  is  a  strong  stimulant  for  the  release  of  hydrochloric  acid  by  the  stomach, 
which  in  turn  stimulates  secretin  release  by  the  duodenum.  This  produces  an 
increase  in  pancreatic  secretion  which  could  lead  to  enzyme  extravasation  and 
pancreatitis.  Thus,  suppression  of  pancreatic  secretion  has  long  been  accepted 

as  standard  therapy  for  acute  pancreatitis.  Nasogastric  suction,  atropine,  and 
glucagon  have  all  been  recommended  for  this  purpose.  Recently,  however,  prospective, 
randomized  clinical  trials  have  failed  to  reveal  any  benefit  from  these  treatment 
modalities.  These  studies  have  cast  doubt  on  the  role  of  pancreatic  secretion  in 
the  pathogenesis  of  acute  pancreatitis. 

Or.   Cameron  et  al_.   (ROl  AM  19646)  at  the  Johns  Hopkins  Medical  Institutions 
have  recently  evaluated  the  influence  of  the  secretory  state  of  the  pancreas  on    i 
the  severity  of  acute  pancreatitis  induced  in  an  isolated,  ex  vivo,  perfused       ' 
canine  pancreas.  A  standard  technique  of  free  fatty  acid  (oleic  acid)  infusion 
was  employed  for  the  induction  of  pancreatitis.  Secretin  was  used  to  stimulate 
secretion,  and  glucagon  and  atropine  for  suppression  of  secretion.  Despite  a  40- 
fold  difference  in  hourly  secretory  output,  the  development  of  pancreatitis  as 
judged  by  weight  gain,  hemoconcentration,  serum  amylase  value,  and  arterial  blood 
pressure  response  was  similar  in  the  stimulated,  basal,  and  suppressed  state. 
This  study  casts  further  doubt  on  the  role  of  hypersecretion  in  the  pathogenesis 
of  acute  pancreatitis. 

(b)  While  studying  the  combined  effects  of  cyclic  nucleotides  and 
peptide  hormones  on  pancreatic  secretion,  Peikin  and  Gardner  discovered  that 
dibutyryl  cyclic  GMP  (N  ,0  -dibutyryl  guanosine  3' :5' -monophosphate)  competitively 
and  specifically  inhibits  the  effect  of  pancreozymin  and  its  analogs  on  both 
enzyme  secretion  and  calcium  efflux  from  isolated  guinea  pig  acini.  The  authors 
inferred  that  the  inhibition  by  the  nucleotide  takes  place  at  the  membrane  receptor 
level.  Recently,  Christophe  et  al_.   (ROl  AM  17010)  at  the  Free  University  of 
Brussels  (Belgium)  have  examined  the  effects  of  butyryl  nucleotides  on  pancreozymin 
stimulation  of  amylase  released  from  rat  pancreatic  fragments^c  Moreover,  they 
examined  directly  the  interaction  of  butyryl  nucleotides  on    I-pancreozymin 
binding  and  adenylate  cyclase  activation  in  rat  pancreatic  plasma  membranes. 

Their  findings  definitely  support  the  conclusion  that  butyryl  derivatives  of 
cyclic  GMP  inhibit  the  pancreatic  action  of  pancreozymin  and  related  peptides  by 
virtue  of  their  ability  to  interact  with  pancreozymin  receptors.  The  presence  of 
a  butyryl  side-chain  on  the  purine  base  was  essential  for  inhibiting  hormone       i 
binding  and  the  resulting  activation  of  adenylate  cyclase.   In  addition,  the       " 
second  butyryl  side-chain  on  the  ribose  moiety  allowed  maximum  efficacy.  Since 
structural  similarities  between  pancreozymin-like  peptides  and  butyryl  derivatives 
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of  cyclic  GMP  might  be  responsible  for  this  phenomenon,   they  studied  the  interaction 
of  these  nucleotides  with  other  pancreozymin   "receptors":      the  antibodies  directed 
against  gastrin-pancreozymin-1 ike  peptides.     They  found  that  the  nucleotides  were 
recognized  by  these  antibodies  with  a  relative  affinity  broadly  comparable  to 
that  observed  with  pancreozymin   receptors   in  the   rat  pancreas. 

3.      Gastrointestinal   Hormones: 

(a)     Cholecystokinin   (CCK)   is  the  parent  molecule  of  a  family  of  polypep- 
tide hormones,   some  of  which  are  secreted  into  the  circulation   from  the  small 
intestine  after  food  ingestion  and  stimulate  both  exocrine  pancreatic  secretion 
and  gallbladder  contraction.     Employing  antibodies   to  various   cholecystokinins, 
radioimmunoassay  studies  have  identified  CCK-like  molecules   in  extracts  of  the 
central    and  peripheral   nervous  systems.      In  addition,   CCK-like  molecules  have 
been   identified  in  brain  neurons  with  immunocytochemical    techniques. 

The  biological   significance  of  CCK  in  the  brain  is  unknown.     One  possible 
neural    role  for  this  hormone   is  mediation  of  satiety.     After  food  is   introduced 
into  the   intestine,   satiety  is  produced  in  various  species  of  animals   and  this 
effect  can  be  mimicked  by  systemic   injections  of  CCK  and  its  analogues   into  rats, 
rabbits,  monkeys,   and  man.     These  hormones  are  also  effective  when   injected  into 
both  the  hypothalamus  of  rats  and  the  cerebral   ventricle  of  sheep.     Other  studies, 
however,   suggest  a  peripheral    rather  than  central   action  of  CCK  on  satiety. 

Straus   and  Yalow,   employing  antibodies   reacting  to  CCK^,   reported  that  brain 
CCK  levels  were  markedly  reduced  in  the  cerebral    cortex  of  both  genetically  obese 
mice  with   the  ob/ob  genotype  and  normal   mice  after  a  2-5  day  total    fast.     Their 
studies   suggest,    therefore,   that  CCK  may  have  a   role   in  appetite  control   and  that 
CCK  levels   in  the  brain  are  altered  in  various  metabolic  states.      In  contrast, 
however,  Schneider  et  ajl_. ,  employing  an  antibody  to  desulfated  CCK^,   did  not 
detect  changes   in  brain  CCK  levels   under  similar  conditions. 

Dr.   Williams  et  al.      (ROl  AM  26422)   at  the  Mount  Zion  Hospital   and  Medical 
Center,   San   Francisco,  CA,   have  recently  demonstrated  that  biologically  active 
CCK^-j  with  high  specific  activity  can  be  prepared  by  conjugating   the  hormone  to 
iodine   125  labelled  Bol ton-Hunter  reagent.     They  have  also  shown   that  this  ligand 
binds   to  specific   receptors  in  both  rat  brain  and  pancreas.     The  highest  concentra- 
tion of  brain  CCK  receptors   in  the  rat  was   in  the  olfactory  bulb,   and  then  in  the 
cerebral   cortex,   caudate,   hippocampus,   and  hypothalamus.     Lower  concentrations   of 
receptors  were  seen  in  the  cerebellum.      In  light  of  the  possible  alterations  of 
CCK  receptors   during  various  metabolic  states   in  the  mouse,   they  undertook  a 
study   to  determine  whether  CCK  receptors   in  mouse  brain  were   influenced  by  fasting. 
Specifically,   cholecystokinin  receptors   in  various   regions  of  the  brain  were 
measured  in  fed  and  42-hour  fasted  mice.      Fasting  significantly  increased  cholecys- 
tokinin binding  to   its   receptors  in  the  olfactory  bulb   (46;b)   and  hypothalamus 
(42%),   but  not  in  other  brain  regions   including  the  cerebral   cortex.     Analysis  of 
the  data   revealed  that  this  increase  was  due  to  an  increase  in  the  number  of 
receptor  sites.      In  contrast,   insulin  binding  to  its   receptors  was  not  altered  by 
fasting.      In  several   species,   the  hypothalamus  has  been  shown  to  regulate  appetite. 
This   increase  in  hypothalamic  receptors  upon  fasting,   therefore,   supports   the 
concept  that  cholecystokinin  may  regulate  satiety  via   its   interaction  with   this 
brain  region. 
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4.  Salivary  Glands: 

(a)  The  submandibular  glands  of  the  rat  and  mouse  are  similar  in 
structure.  However,  a  pronounced  sexual  dimorphism  of  the  gland  is  seen  only  in 
the  mouse,  but  not  in  the  rat.  Several  biologically  active  polypeptides  have 
been  localized  in  considerable  quantities  in  the  granular  convoluted  tubule  (GCT) 
segment  of  mouse  submandibular  gland.  Some  of  these  substances  have  also  been 
detected  in  far  lesser  amounts  in  the  submandibular  glands  of  rats.  Dr.  Barka  et^ 
al .   (ROl  AM  19753)  at  Mount  Sinai  School  of  Medicine  of  the  City  University  of 
New  York  have  recently  provided  evidence  for  the  presence  in  rat  submandibular 
gland  of  a  factor  which  immunologically  cross-reacts  with  antiserum  against  mouse 
epidermal  growth  factor  (EGF).  By  using  this  antiserum,  only  the  GCT  cells 
revealed  immunochemical  staining  in  rat  submandibular  glands.  There  was  no 
regular  sexual  difference  in  the  frequency  or  size  of  immunoreacti ve  cells. 
Extracts  of  gland  contained  an  antigen  which  showed  a  complete  cross-reactivity 
with  mouse  EGF  in  radioimmunoassays.  The  relative  amounts  of  EGF,  determined  by 
a  heterologous  radioimmunoassay,  were  not  significantly  different  in  the  glands 
of  rats  of  the  two  sexes.  Administration  of  testosterone  caused  an  increase,  in 
both  sexes,  in  the  number  of  GCT  cells  stained  for  EGF  and  in  the  amount  of  EGF 
in  the  gland.  There  was  no  significant  sexual  difference  in  these  two  parameters 
after  androgen  treatment. 
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NUTRITION  PROGRAM,  NIADDK 
Annual  Report,  FY  81 


The  Nutrition  Program  of  MIADDK,  with  a  total  FY81  budget  of  15.15  million 
dollars,  has  continued  to  s^upport  extramural  research  and  training  in  basic  and 
clinical  nutrition,  especially  in  those  areas  where  additional  emphasis  is  needed 
to  achieve  the  goal  of  improved  health  and  longevity.  Much  of  the  research  sup- 
ported might  be  described  as  "basic"  in  nature,  directed  toward  the  development 
of  new  knowledge  about  the  role  of  nutrients  in  human  physiology  and  biochemis- 
try. Generally,  such  research  has  been  nutrient-centered  rather  than  organ-cen- 
tered or  focused  on  a  specific  disease.  Discoveries  from  basic  research  have 
advanced  our  understanding  of  the  function  of  nutrients  in  the  whole  body  and 
have  found  wide  application  in  clinical  medicine.  An  example  is  the  discovery 
that  dietary  Vitamin  D  must  be  converted  to  a  modified  form  to  be  active,  and 
that  kidney  tissue  is  required  for  one  step  in  the  conversion.  This  has  led  to 
impressive  new  clinical  applications,  especially  in  bone  and  kidney  diseases. 

The  widespread  prevalence  of  nutrition-related  diseases  or  conditions  such  as 
artherosclerosis,  diabetes,  obesity,  osteoporosis,  alcoholism,  and  anemia  in 
certain  segments  of  the  population  is  evidence  of  the  need  for  a  better  under- 
standing of  the  nutritional  aspects  of  these  clinical  problems.  The  greatest 
promise  for  solutions  to  these  problems  lies  in  fundamental  studies,  such  as 
those  on  absorption,  metabolism,  mechanism  of  action  of  nutritional  factors  and 
the  role  of  diet  as  a  metabolic  regulator.  Recent  technological  advances,  in- 
cluding mass  spectrometry,  high  pressure  liquid  chromotography ,  and  radio- 
immunoassay,  should  permit  rapid  progress  in  basic  nutrient-centered  biomedical 
studies. 

The  Nutrition  Program  has  continued  to  stress  the  following  research  areas: 
basic  studies  on  the  metabolic  role  of  protein,  amino  acids,  vitamins,  minerals, 
fatty  acids,  dietary  energy  sources  and  dietary  fiber;  research  on  obesity  with 
the  aim  of  prevention  and  control;  nutritional  status  assessment  and  supportive 
nutrition  of  patients;  human  nutritional  requirements  and  factors  influencing 
them;  interaction  of  nutrients  and  drugs;  and  the  role  of  nutrition  in  infection 
and  immune  competence. 

Nutrition  also  constituted  a  significant  component  of  research  supported  by 
other  NIADDK  programs,  especially  Digestive  Diseases,  Diabetes,  Metabolism, 
Hematology,  Endocrinology  and  Liver  Diseases  Program. 

Training 


have  been  approved  with  good  priority  but  are  being  held  until  FY81  for  possible 
funding.  Total  training  funds  in  nutrition  amounted  to  1.031  million  dollars, 
In  addition,   five  career  awards  were  funded   in  FY81- 
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Clinical  Nutrition  Research  Units  (CNRU) 

The  Nutrition  Program,  NIADDK,  supports  five  of  the  seven  CNRU's;  the  other  two 
are  funded  by  NCI.  These  core  grants  in  clinical  nutrition  research  represent  a 
new  and  innovative  approach  to  provide  a  focus  for  clinical  nutrition  research 
and  related  activities  in  biomedical  institutions.  These  awards  are  expected  to 
stimulate  progress  in  mult idiscipl i nary  research  in  clinical  nutrition,  strength- 
en training  environments,  enhance  patient  care  and  generate  nutrition  information 
for  the  public. 

The  first  annual  meeting  of  CNRU  directors  was  held  December  3,  1980,  to  review 
progress  and  problems  and  to  provide  a  forum  of  information  exchange  among 
directors  and  staff.  A  summary  of  the  activities  which  have  taken  place  as  a 
result  of  the  CNRU  awards  is  being  prepared  for  publication  in  The  American 
Journal  of  Clinical  Nutrition.  Also,  the  first  four  CNRU's  funded  in  September 
1979,  are  being  site-visited  for  purposes  of  early  evaluation  of  this  new  mechan- 
ism. It  appears  very  clear  that  the  CNRU's  have  already  had  a  considerable 
beneficial  effect  on  nutrition  activities  at  these  institutions. 

The  following  CNRU's  are  supported  by  NIADDK: 

1.  University  of  Chicago  -  Dr.  Irwin  Rosenberg,  Director 

The  CNRU  research  base  includes  ongoing  research  on  diabetes,  arterosalerosis, 
urolithiasis,  cancer,  lipoprotein,  stable  isotopes,  calciuni  metabolism,  and 
vitamin  absorption  and  metabolism.  Together  with  the  resources  of  the  biological 
sciences  faculty  and  nutrition  support  service,  this  CNRU  provides  nutritional 
assessment,  clinical  intervention,  laboratory  assays,  and  support  services  to 
foster  clinical  nutrition  investigations. 

2.  Vanderbilt  University  -  Dr.  Harry  L.  Greene,  Director 

Research  serviced  by  core  laboratories  includes  studies  on  composition  of  defined 
fonnula  diets  and  total  perenteral  nutrition  mixtures;  nutritional  factors  in 
hepatic  encephalopathy;  micronutrient  metabolism  in  patients  with  essential  fatty 
acid  deficiency;  nutrient  supplementation,  cancer  chemotherapy  and  micronutrient 
metabolism;  chronic  dialysis  on  trace  mineral  hemostasis;  nutritional  assessment 
and  nutritional  support  for  presurgical  patients.  This  CNRU  has  an  ongoing 
training  grant  in  nutrition  and  gastroenterology.  A  first-year  pilot  study 
dealt  with  identification  and  treatment  of  undernutrition  in  hospital  patients. 
Vanderbilt's  public  information  office  will  increase  public  awareness  in  nutri- 
tion as  a  part  of  the  CNRU. 

3.  University  of  Wisconsin  -  Dr.  Alfred  E.  Harper  and 
Dr.  Dr.  Earl  Shrago,  Co-Directors 

The  CNRU  is  expected  to  provide  a  significant  impetus  to  research  and  education 
in  clinical  nutrition  as  well  as  lead  to  the  general  improvement  in  clinical 
management  and  nutrition  support  of  patients.  The  clinical  research  components 
include  studies  on  nutrition  and  geriatrics,  preventive  cardiology,  anorexias, 
lipid  disorders,  cancer  and  dialysis. 
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4.  Medical  College  of  Georgia  -  Dr.  Elaine  Feldman,  Director 

This  CNRU  provides  core  research  laboratories  for  lipid  analysis  trace  metal 
determinations,  and  nutritional  biochemistry.  The  CNRU  staff  function  in  one  or 
more  of  the  three  nutrition  related  areas  of  clinical  research,  education  and 
training,  and  nutrition  support  service.  The  nutrition  education  program  in  The 
School  of  Medicine  is  supported  in  conjuncion  with  a  separately  funded  curriculum 
development  grant  in  applied  nutrition.  The  goal  is  to  search  for  the  etiology 
and  treatment  of  nutrition- related  disorders  affecting  the  population  of  Georgia. 

5.  Columbia  University  -  Dr.  Robert  W.  Winters,  Director 

Activities  in  the  CNRU  focus  on  the  pediatric  patient,  utilyzing  the  large  re- 
search, education  and  training  programs  already  in  place.  Research  is  directed 
toward  providing  adequate  nourishment  to  the  fetus,  the  premature  or  term  infant, 
child  or  adolescent.  Projects  with  nutrition  components  embrace  such  diverse 
field  as  cardiology,  oncology,  neonatology,  allergy,  pulmonary  diseases,  immunol- 
ogy and  perinatology.  The  CNRU  provides  a  clinical  core,  a  laboratory  core  and 
a  computer/biostatistic  core. 

U.S. -Japan  Malnutrition  Panel 

Malnutrition  continues  to  be  one  of  the  most  serious  problems  in  Asian  countries 
despite  the  many  intervention  programs  which  have  been  conducted.  While  food 
availability  is  no  longer  the  major  problem,  there  are  social,  politi_^cal  and 
economic  forces  which  account  for  serious  inequities  in  distribucion.  The  most 
caninon  states  of  undernutrition  are  protein-energy  malnutrition  and  iron  and 
vitamin  A  deficiency.  Superimposed  are  various  disease  states,  particularly 
diarrheal  infections,  which  cause  impaired  utilization  and  loss  of  nutrients  and 
become  the  primary  cause  of  death  of  children  under  five.  Undernutrition  also 
has  severe  and  adverse  effects  on  pregnancy,  and  can  lead  to  premature  and  low- 
birth-weight  babies  with  inadequate  nutrient  reserves.  Iron  deficiency,  which 
is  widespread,  is  believed  to  interfere  with  the  immune  response,  cause  lower 
resistance  to  infection  and  reduce  functional  physical  capacities  and  possibly 
mental  and  learning  processes.  Vitamin  A  deficiency  in  turn  causes  many  thousand 
of  cases  of  damaged  vision  and  total  blindness  in  young  children  each  year. 

The  research  fostered  under  the  auspices  of  The  U.S.  and  Japanese  Malnutrition 
Program  is  primarly  targeted  at  those  areas  which  will  most  benefit  the  under- 
nourished of  Asia.  The  emphasis  areas  are:  (1)  Influence  of  environmental  and 
host  factors  on  nutritional  requirements,  (2)  Health  significance  and  methods 
of  preventing  iron  deficiency,  (3)  Interaction  of  nutrition,  immune  competence, 
and  infection  (4)  Effects  of  nutrition  on  physical  and  mental  development, 
behavior,  physical  capability  and  work  performance,  and  (5)  Health  consequences 
of  different  and  changing  dietary  patterns  in  food  habits. 

The  MIADDK  has  continued  to  administer  The  U.S.  Malnutrition  Panel  of  The  U.S.- 
Japan Cooperative  Medical  Services  Program.  The  annual  joint  meeting  of  the 
U.S.  and  Japanese  Malnutrition  Panels  will  be  held  in  the  morning  of  August  15, 
1981  with  a  cosponsored  workshop  in  the  afternoon.  The  workshop  will  be  on 
"Opportunities  for  Collaborative  Research  Relating  to  Nutntmal  Requirements  in 
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Research  by  Contract 

NIADDK  is  renewing  for  one  year  its  contract  (NOl  AM  0-2204)  with  the  Food  and 
Nutrition  Board,  National  Academy  of  Sciences  at  a  cost  of  $100,710.  This  con- 
tract is  entitled  "Preparatin  of  the  Tenth  Edition  of  Recommended  Dietary  Allov/- 
ances  and  Related  Studies."  In  addition  to  the  preparation  of  the  tenth  edition 
of  the  RDAs,  guidelines  for  use  of  tnese  ROAs  are  to  be  prepared  for  publication. 
A  component  of  the  previous  contract,  was  deleted.  This  dealt  with  the  develop- 
ment of  dietary  guidelines  for  specific  population  sub-groups  based  on  an  inter- 
pretation and  translation  of  research  data  relating  to  diet  and  health  status. 

A  Committee  on  Dietary  Allowances  and  a  Sub-committee  on  Uses  of  the  RDA  have 
been  formed  and  have  held  several  working  meetings  using  the  committee  study 
approach.  Two  workshops  have  been  held,  one  on  the  variability  in  human  nutrient 
requirements,  and  a  second  addressing  issues  concerning  the  uses  of  the  RDAs. 

Trends  in  Extramural  Research 

1.  Obesity 

Despite  the  emphasis  given  to  obesity  research  during  the  past  seven  years,  many 
of  the  physiological  consequences  of  obesity  are  yet  poorly  defined,  little 
appreciated,  and  incompletely  understood.  Recent  studies  indicated  that  obesity 
can  be  environmentally  induced  by  luxus-consumption  during  early  childhood  lead- 
ing to  an  increase  in  nunber  of  adiposites.  Additional  work  on  diet  modification 
so  as  to  avoid  the  increase  in  adipose  tissue  cell^jlarity  and  presumably  the 
propensity  tov/ard  obesity  is  underway  in  several  laboratories.  Despite  this,  it 
is  likely  that  a  significant  obese  population  will  persist  for  years  to  coi.ie. 
It  is  important,  therefore,  to  try  to  unravel  the  web  of  interacting  consequences 
associated  with  becoming  obese  and  maintaining  the  obese  state.  The  obese  indi- 
vidual represents  an  extreme  in  weight,  bulky,  energy  and  fat  stores,  peripheral 
insulation  and  lack  of  agility,  the  obese  are  also  more  likely  to  have  hyperten- 
sion, late-onset  diabetes,  and  other  related  disorders. 

The  problem  of  hyperplasia  in  severe  obesity  in  man  continues  to  be  a  paramount 
concern  since  hyperplasia  is  the  morphological  basis  for  the  intractibility  of 
the  disorder.  Fat  cells,  once  formed,  persist  indefinitely.  Faust  (AM  20508) 
has  demonstrated  differential  hyperplasia  in  hyperphagic  rats  (VMM  lesioned)  due 
to  differences  in  diet  composition  even  when  gaining  equivalent  weight.  Pair- 
gained  rats  fed  a  milk  diet  had  a  larger  number  of  adiposites  than  did  chow-diet 
fed  controls.  High  fat  feeding  was  shown  to  induce  adipocyte  hypertrophy  in  all 
fat  depots  as  well  as  hyperplasis  in  some.  Starved  rats  or  rats  exposed  to  cold 
had  reduced  fat  cell  size,  but  showed  no  reduction  in  number  of  fat  cells.  Diet 
restriction  during  early  life  resulted  in  less  fat  mass  and  fswer  fat  cells, 
characteristics  which  were  sustained  in  later  life  when  food  intake  was  no  longer 
restricted.  Thus,  the  composition  of  the  diet  and  levels  of  energy  intake  in 
early  life  appear  to  be  important  factors  in  human  obesity. 

Studies  are  being  supported  on  the  physiological  controls  of  homeostasis.  McHugh 
(AM  19302)  has  shown  for  both  man  and  monkey  that  the  einptying  rate  of  glucose 
from  the  stomach  is  related  to  the  amount  of  nutrient  load  delivered  to  the 


1160 


I 


duodenum  and  duration  of  gastric  inhibition  produced  by  the  nutrient  delivered. 
Intravenous  perfusions  of  small  amounts  of  cholecystokinin  (0.7-3  picamoles/kg/ 
min)  not  only  inhibited  gastric  emptying  time  in  monkeys  but  reduced  food  intake 
intake  as  well.  These  observations  support  the  hypothesis  that  the  satiety 
effect  of  cholecystokinin  is  mediated  through  its  inhibitory  effect  on  gastric 
emptying.  Such  studies  have  the  potential  of  defining  fundaiiiental  mechanisms 
which  may  be  disturbed  in  such  pathological  conditions  as  obesity,  diabetes 
mellitis,  atherosclerosis,  and  peptic  ulcer. 

Romsos,  Michigan  State  University  (ROl  AM  15847),  in  studies  designed  to  explore 
the  role  of  Na+K+ATPase  in  thermogenesis  and  obesity,  has  found  that  ventral 
medial-hypothalmus  (VMH)  lesioned  rats,  which  overeat  and  become  obese,  have 
reduced  levels  of  Na+K+ATPase  in  skeletal  muscle  than  do  sham  operated  controls. 
This  finding  supports  a  previous  observation  that  obese  (ob/ob)  mice  had  lower 
levels  of  muscle  sodium  than  lean  counterparts.  It  is  postulated  that 
Na+K+ATPase  may  contribute  significantly  to  cellular  thermogenesis. 

In  an  other  work  by  Glick  (AM  27019)  on  the  effect  of  diet  composition  on  weight 
of  brown  adipose  tissue  (BAT)  in  rats,  the  level  of  dietary  fat  had  no  effect  on 
BAT,  whereas  a  low  protein  high  carbohydrate  diet  was  most  effective  in  producing 
hypertropy  of  the  BAT.  Studies  on  the  effect  of  meal  pattern  on  efficiency  of 
energy  utilization  by  workers  at  Michigan  State  (AM  15847)  revealed  that  meal 
pattern  has  a  minimal  effect  on  body  fat  control  provided  the  control  animals 
are  pair-fed  throughout  the  entire  experiment.  Their  work  also  indicated  that 
obese  mice  require  more  Vitamin  E  than  do  lean  mice. 

The  neurotransmitter  control  of  experimentally  induced  food  and  water  intake  in 
man  has  been  studied  (Campbell,  AM  20494)  by  infusing  appropriate  neurotrans- 
mitter receptor  agonists  and  antagonists.  High  doses  of  naloxone,  an  opiate 
receptor  blocking  agent,  did  not  reduce  experimentally  induced  hunger  and  thrist, 
but  food  intaked  was  decreased  significantly.  These  results  implicate  opiate 
receptors  in  a  satiety  mechanism  for  feeding,  such  as  by  decreasing  gastric 
emptyi  ng. 

Studies  on  hunger  and  thrist  response  to  2-deoxy-D-glucose  (2DG)  suggest  that 
the  increased  water  intake  caused  by  2DG  does  not  depend  on  elevated  hunger  and 
demonstrate  that  increased  caloric  intake  after  2DG  infusions  is  not  dependent 
on  greater  thrist. 

The  beta-adrenorecepter  blocker,  propanolol,  was  administered  to  examine  the 
sympathetic  nervous  system  mediate  glucose-induced  thermogenesis.  No  effect  was 
found  in  men,  but  propanolol  appears  to  inhibit  the  increase  in  thermogenesis  in 
women.  Preliminary  results  also  indicate  that  obese  diabetic  patients  with 
severely  impaired  glucose  tolerance  appear  to  have  subnormal  increments  in  meal 
induced  thermogenesis.  The  possible  interrelationship  of  dietary  induced  thermo- 
genesis and  selective  induction  of  sympathetic  nervous  system  activity  by  car- 
bohydrate, which  may  be  sex  dependent,  is  intriguing  and  provocative.  Also, 
since  this  series  of  events  was  found  to  be  insulin  dependent,  one  might  specu- 
late that  the  propensity  to  develop  and  maintain  the  obese  state,  as  commonly 
seen  in  diabetes,  is  related  to  absent  or  diminished  dietary  induced  alterations 
in  energy  expenditure. 
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Controlled  studies  in  19-44  year  old  men  revealed  no  change  in  blood  lipids  and 
lipoproteins  due  to  exercise  v/hen  body  weight  was  kept  constant.  Exercise  asso- 
ciated with  weight  reduction  decreased  VLDL  cholesterol  17%  and  increased  HDL 
cholesterol  12%,  while  weight  reduction  through  caloric  restriction  increased 
HDL  cholesterol  by  24%,  but  VLDL  cholesterol  also  increased. 

Other  basic  studies  in  rats  with  insulin  (Stern,  AM  18899)  suggest  that,  v;hile 
hyperinsulinemia  is  not  sufficient  to  explain  why  certain  animals  become  obese, 
hyperi nsulinemia  can  play  a  significant  role  in  the  development  of  obesity.  One 
aim  of  drug  therapy  in  obesity  should  be  to  lower  hyperinsulinemia  where  it 
exists. 

The  role  of  the  hypothalmus  in  weight  regulation,  energy  balance  and  feeding 
behavior  is  receiving  considerable  research  attention.  Experimental  manipula- 
tions which  produce  similar  overall  effects  on  caloric  intake  can  lead  to  very 
different  patterns  of  nutrient  choice.  Glycerol  seems  to  play  a  special  role 
because,  mole  for  mole,  it  is  more  effective  in  producing  anoxeria  than  either 
glucose  or  beta  hydoxybutyrate  (Davis,  AM  26030).  Relationships  betv/een  food 
and  brain  amino  acid  concentrations  and  brain  neurotransmitter  concentrations 
appear  to  be  important  in  determining  eating  behavior.  Plas:na  and  tissue  amino 
acid  concentrations  are  known  to  be  altered  by  such  disorders  as  diabetes  and 
hepatic  failure  as  well  as  by  diet. 

A  pancreatic  polypeptide  appears  to  be  deficient  in  genetically  obese  mice 
(Kimi'nel ,  AM  26191).  Recent  wnrk  suggest  that  obese  hu^^ans  also  ;nay  be  deficient 
or  hyposecreters  of  this  honnone. 

Intestinal  bypass  for  mOrbid  obesity  has  undergone  close  scrutiny  by  the  medical 
profession  as  an  alternative  to  inedical  inanageinent  or  surgical  gastric  bypass  in 
these  difficult  patients.  Studies  are  underway  on  the  mechanism  responsible  for 
hepatic  injury  in  animals  following  this  operation. 

The  Nutrition  Program  administered  56  active  research  grants  and  one  core  center 
on  obesity  research  amounting  to  4.3  million  dollars,  including  1.24  million 
supported  from  Diabetes  Program  Funds. 

2.  Minerals 

Twenty  three  grants,  amounting  to  1.6  million  dollars,  were  active  in  FY81. 
These  related  to  the  following  minerals:  iron  (4),  copper  (3),  zinc  (5),  selenium 
(5),  chromium  (1),  silicon  (1),  molybdenum  (1),  magnesium  (1),  tin  (1)  and  alumi- 
num (1).  Much  progress  has  been  made  on  the  role  of  zinc,  chromium,  and  selenium 
in  metabolism  of  animals  and  man. 

It  is  likely  that  trace  mineral  imbalances  and  deficiences  may  be  involved  in 

the  cause  of  chronic,  adaptive  diseases.   To  this  end.  The  Nutrition  Program  is 

supporting  a  workshop  to  develop  guidelines  for  the  systematic  collection  of 
trace  mineral  content  of  various  human  tissues. 
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Iron  deficiency  remains  one  of  the  most  common  forms  of  malnutrition  and  is 
particularly  prevalent  in  rapidly  growing  infants  and  children.  Studies  by 
Dallman  (AM  13897)  with  mature  rats  fed  ironlow  diets  showed  that  hematocrit 
was  decreased  before  liver  storage  iron  fell  to  its  lowest  concentration. 
Cytochrome  C  levels  in  the  intestinal  mucosa  were  depressed  even  before  signifi- 
cant anemia  had  developed.  Depression  of  skeletal  muscle  cytochrome  C  and 
myoglobin  was  proportionately  less  profound  in  mature  than  in  younger  animals. 
More  research  is  needed  to  evaluate  the  health  significance  of  iron  deficiency 
with  emphasis  on  work  performance  and  susceptibility  to  infection. 

Studies  on  mineral  intake  in  five  free  living  male  subjects  for  20  days  (King, 
AM  10202)  yielded  averages  of  13.1  mg  of  zinc,  1.65  mg  of  copper,  17  mg  of  iron, 
438  mg  of  magnesium,  and  1.27  gms  of  calcium  intake  per  day.  Of  these,  intakes 
of  zinc  and  copper  were  the  least  adequate  being  below  two-thirds  of  the  RDA  on 
about  30%  of  the  days.  Since  the  ratio  of  zinc  to  protein  generally  has  been 
found  to  be  1.4  gm  zinc  per  10  gms  of  protein  consumed,  it  would  require  very 
high  protein  diets  to  reach  the  present  RDA.  The  prudence  of  this  needs  to  be 
eval uated. 

Selenium  is  an  essential  micronutrient  required  for  the  function  of  the  hydrogen- 
peroxide  decomposing  enzyme,  glutathione  peroxidase.  However,  little  information 
is  available  as  to  how  to  evaluate  the  selenium  status  of  people.  Negative 
correlations  have  been  reported  between  blood  selenium  levels  in  people  and 
certain  forms  of  cancer  and  cardiovascular  problems.  Recent  identification  of 
Kesham's  disease  in  a  peasant  population  in  mainland  China  is  the  first  demon- 
stration of  a  possible  deficiency  of  selenium  in  humans.  The  average  intake  of 
selenium  in  the  U.S.  is  estimated  to  be  150  micrograms,  about  half  the  level 
that  some  advocate  for  optimal  health.  More  information  is  required. 

Abberations  in  metabolism  of  copper  are  at  the  root  of  two  wel 1 -characterized 
afflictions  of  humans  -  Wilson's  Disease  and  Menkes'  Syndrome.  Problems  in 
lysyloxidase  function,  perhaps  due  to  marginal  copper  insufficiency,  may  cause 
other  less  well-characterized  disorders  of  connective  tissue.  One  investigator 
(Harris,  AM  25604)  has  focused  on  the  role  of  cerul oplasmin  in  the  regulation  of 
lysyloxidase.  Disorders  of  copper  metabolism  may  be  associated  with  a  failure 
to  transfer  copper  to  cerul oplasmia,  which  in  turn  has  been  shown  to  deliver 
copper  to  lysyloxidase.  Another  scientist  (Bonner,  AM  26174)  has  demonstrated 
genetic  differences  in  the  copper  binding  protein  content  of  duodenal  tissue  in 
mutant  strains  of  mice.  Studies  by  Greger,  U.  of  Wisconsin  (AM  25666)  revealed 
that  the  amount  of  additional  tin  (50  mg)  provided  by  four  one-half  cup  servings 
daily  of  acidic  fruits  packed  in  unlacquered  cans  was  sufficient  to  depress  the 
absorption  and  retention  of  zinc  by  adult  human  subjects.  This  effect  could  be 
important  among  pregant  women  and  young  children  who  are  consuming  marginal 
levels  of  zinc  and  high  amounts  of  canned  fruit  juices. 

3.  Vitamins 

Research  advances  are  being  made  in  understanding  the  mechanism  of  action  of 
vitamins  in  specific  metabolic  pathways. 
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Goodman  (AM  05968)  has  obtained  important  new  information  on  vitamin  A  transport 
and  retinal-binding  protein  metabolism,  the  enzymatic  hydrolyses  of  retinyl 
esters  in  the  liver,  intracellular  binding  proteins  for  retinol,  and  the  trans- 
port of  vitamin  D  and  and  25-hydroxyvitamin  D  in  human  plasma.  Humans  with 
re:ul  disease  vAay  beccine  deficient  in  the  active  form  of  vitar^.in  D  (1,25  dihy- 
droxy  vitinin  O3).  Stjciies  by  Massner  (AM  240'^!)  indicate  that  both  vitairiin  D 
deficiency  and  reduced  kidney  function  may  reduce  protein  synthesis  and  increase 
pcotein  degradation  in  skeletal  muscle  in  rats. 

Based  on  studies  of  Norman  and  co-workers  (AM  14750),  it  appears  that  appropriate 
application  of  the  assays  for  three  vitamin  D  metabolites  (25  hydroxy  vitamin  D; 
1,25  dihydroxy  vitamin  D,  and  24,25  dihydroxy  vitamin  D)  can  yield  insights  in 
both  the  normal  handling  of  vitamin  D  as  well  as  the  perturbations  in  disease 
state.  Plasma  clearance  of  the  1,25  dihydroxy  form  is  unusually  rapid  (2-3 
hours)  while  that  of  the  24,25  dihydroxy  form  is  quite  slow  (14  days).  These 
investigators  have  observed  an  impaired  production  or  breakdown  of  1,25  dihydroxy 
in  patients  maintained  on  total  parenteral  nutrition.  Further  studies  are  needed 
to  learn  the  significance  of  this  observation. 

De  Luca  and  co-workers  (AM  14331)  has  isolated  a  new  pathway  of  vitamin  D  meta- 
bolism. This  group  has  isolated  and  identified  a  new  metabolite  -  25-hydroxy 
vitamin  D3  26,23  lactone.  It  appears  that  conversion  of  25-0H-D3to  23,25- 
(0H)2D3  and  subsequently  to  25-OHD3  26,23-  lactone  is  a  major  metabolic  pathway 
in  the  kidney.  The  latter  compound  is  biologically  inactive  in  intestinal  cal- 
ci  J  n  transport,  bone  calcium  n:obil  i  zation  and  the  mineral  i  zation  of  rachitic 
bone.   Its  role  remains  unknown. 

Active  forms  of  vitamin  D,  discovered,  identified,  and  synthesized  in  De  Luca's 
laboratory  have  been  shown  to  be  effective  in  treati ng_  metabol ic  bone  disease 
including  renal  osteodystrophy,  hypoparathyroidism  and  psuedohypoparathyroidism. 
Continued  studies  designed  to  understand  how  they  function  and  how  they  are 
metabolized  can  be  expected  to  yield  important  information  which  could  optimize 
their  use  in  treating  bone  disease. 

De  Luca's  laboratory  also  is  searching  for  the  active  forms  of  vitamin  A  in  the 
hope  of  learning  which  compounds  are  responsible  for  epithelial  differentiation 
or  differentiation  of  bone  tissue.  Identification  and  chemical  synthesis  of 
these  compounds  could  provide  important  new  tools  for  treatment  of  skin  and  bone 
disorders. 

Efforts  have  been  continued  by  Suttie  (AM  14881)  to  determine  the  properties  of 
liver  microsomal  vitamin  K  dependent  carboxylase  and  the  vitamin  K  2,3-epoxide 
reductase.  Drug  interactions  with  the  vitamin  K  epoxide  reductases  also  were 
studieo  as  a  means  of  better  understanding  the  clinical  use  of  coumarin  antico- 
agulants to  antagonize  their  synthesis. 

The  demonstration  of  the  widespread  occurrence  of  a  pregnancy  -  specific  ribo- 
flavin-binding  protein  in  animals  and  the  identification  of  a  specific  immuno- 
globulin G  subfraction,  which  appears  to  serve  this  function  in  humans,  is  a 
good  example  of  a  significant  gain  in  fundamental  knowledge  of  real  relevance 
to  human  health  and  disease. 
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Much  has  been  learned  about  vitamin  Bg  phosphate  oxidase  in  terms  of  development, 
control,  and  the  mechanisms  by  which  it  operates.  The  flavocoenzyme  requirement 
of  this  enzyme  and  the  fact  that  riboflavin  status  affects  its  activity  does  much 
to  explain  the  subcellular,  cellular  and  even  macroscopical ly  observed  vitamin 
B5  deficiency  attendant  to  riboflavin  deficiency  in  the  mammal  (McCc^mick,  AM 
25746).  This  oxidase  potentially  allows  for  a  facile  biochemical  assessment  of 
riboflavin  in  humans,  since  assays  can  be  done  on  blood  cells. 

The  lack  of  a  suitable  animal  for  studies  on  vitamin  C  metabolism  has  limited 
our  knowledge  about  the  body's  need  for  ascorbic  acid  in  various  physiological 
states  and  relation  of  ascorbate  nutriture  to  the  etiology  and  treatment  of 
various  diseases.  Riviers  (AM  25996)  has  developed  methodology  for  kinetic 
analysis  of  ascorbate  metabolism  in  the  guinea  pig  and  has  characterized  the 
two-pool  model.  Ingested  ascorbic  acid  has  been  demonstrated  to  have  profound 
effects  on  size  of  body  pools,  half-life  and  turnover  rates  of  the  vitamin. 
These  accomplishments  have  greatly  expanded  our  understanding  of  ascorbate  dis- 
tribution and  inetabolism  and  offer  an  experimental  animal  model  for  further 
studi  es. 

Studies  by  Hall  (AM  17767-08)  show  that  cobalamin  has  a  role  in  leukocyte  func- 
tion and  presumably  in  resistance  to  infection.  Cobalamin  affected  protein 
synthesis  and  cell  division  of  lymhocytes,  as  well  as  the  hexose  monophosphate 
shunt  activity  of  human  granulocytes. 

4.  Proteins  and  Amino  Acids 

The  ['nutrition  Program  supports  29  active  grants  involving  research  on  protein 
and  amino  acids,  totaling  2.3  million  dollars.  These  include  studies  on  protein 
and  energy  utilization  and  requirements  in  man,  nutritional  regulation  of  protein 
metabolism,  intestinal  transport  and  metabolism  of  peptides,  amino  acid  and 
protein  nutrition  in  uremia,  methodology  for  assessing  protein  nutritional  status 
in  man,  dietary  lysine  and  carnitime  formation,  and  the  effect  of  diet  and  purine 
metabolism  in  gout  and  malnutrition. 

A  very  interesting  development  is  the  use  of  stable  isotope  probes  (13^  N  and 
2h)  for  quantifying  whole  body  fluxes  of  indispensable  amino  acids  and  their 
major  components.  Preliminary  work  suggest  that  it  should  be  possible  to  use 
these  labeled  amino  acids  to  more  accurately  determine  dietary  protein  and/or 
amino  acid  requirements  of  individuals  (Young,  AM  15856). 

Children  with  protein-calorie  malnutrition  exhibit  unusual  susceptibility  to 
infection.  Several  host-defense  mechanisms  are  depressed,  including  phagocytosis 
and  killing  function  of  leukocytes,  cell  mediated  immune  response,  inflammatory 
response  and  antibody  production.  Recent  reports  also  suggest  that  protein- 
calorie  malnutrition  adversely  affects  a  child's  complement  system. 

Recent  research  reveals  that  pregnant  primates  can  withstand  diets  containing  as 
little  as  3  35%  protein  (caseion)  without  obvious  ill  effects  to  themselves. 
Moreover  th'e  offspring  were  normal  when  tested  by  numerous  physiological,  be- 
havioral'and  growth  measures.  The  investigator  has  concluded  that  most  primates 
are  well  adapted  to  withstand  low  protein  intakes  during  pregnancy.  Babies  also 
appeared  to  adapt  if  they  are  well-fed  after  birth.  Additional  studies  are 
being  made  of  these  infants'  skeletal  growth. 
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Work  in  Peru  has  shov/n  that  wheat,  potatoes  or  sorghum  flour  alone  are  not  ade- 
quate in  protein  to  support  normal  infant  grov/th.  Potatoes  appeared  to  be  first- 
limiting  in  the  essential  amino  acid,  methionine.  When  50%  of  the  calories  and 
80%  of  the  protein  in  the  diet  was  supplied  by  wheat  and  20%  of  the  protein  from 
casein,  excellent  grov/th  was  supported  although  plasma  amino  acid  levels  indi- 
cated that  lysine  was  still  a  first-limiting  amino  acid.  However,  when  lysine 
was  adGed,  wheat  could  be  used  to  supply  all  the  protein  and  75"  of  the  calories 
In  the  diet  with  no  adverse  effects  on  growth. 

The  branched  chain  amino  acids,  leucine,  isoleucine  and  valine  make  up  about  40% 
of  the  daily  requirement  of  indispensable  amino  acids  in  man.  Recently  it  has 
been  found  that,  in  addition  to  being  essential  substrates  for  protein  synthesis 
in  tissues,  branched  chain  amino  acids  serve  as  biochemical  regulators  and  pre- 
cursors in  a  number  of  complex  reactions.  These  reactions  include  cholesterol 
synthesis,  protein  turnover  in  skeletal  muscle,  oxidative  energy  metabolism  in 
muscle,  gluconeogenesis,  insulin  secretion  and  urea  formation.  Since  branched 
chain  amino  acids  regulate  protein  turnover  in  muscle,  these  amino  acids  are 
being  studied  in  treatment  of  conditions  of  protein  wasting,  such  as  trauma  and 
sepsis.  Since  branch  chain  amino  acid  also  regulate  amino  acid  uptake  by  the 
brain,  these  amino  acids  are  used  also  in  treating  hepatic  encephalopathy  and 
phenyl ketonuria. 

Mitch  (AM  26903)  has  found  nutritional  therapy  consisting  of  a  low-protein  diet 
plus  supplements  of  essential  amino  acids  or  their  nitrogen-free  analogue  to  be 
effective  in  treatment  of  patients  with  chronic  renal  failure.  Serum  proteins 
and  seruin  chemistry  values  are  rnaintained  within  the  nornal  range.  In  scrie 
cases,  nutritional  therapy  appears  to  delay  the  rate  of  loss  of  renal  function, 
presumably  because  the  alpha  keto  analogue  of  leucine  (alpha  ketoisocaproate) 
has  been  shown  to  decrease  nitrogen  v/asting  of  starving  individuals. 

5.  Dietary  Fiber 

The  Nutrition  Program  supports  four  active  research  grants  directed  at  the  study 
of  dietary  fiber.  These  relate  primarily  to  determining  the  chemical  character- 
istics of  various  fiber  components,  development  of  appropriate  methodology  for 
measuring  detary  fiber  and  evaluation  of  the  forms  and  sources  of  dietary  fiber 
components  on  bioavailability  of  nutrients. 

Research  results  from  U.  of  Wisconsin  (Marlett,  AM  21712)  suggest  that  some 
foods  will  require  short  periods  of  amylase  treatment  in  measuring  neutral 
detergent  residues,  as  the  values  obtained  with  the  unmodified  Van  Soest  ND 
procedure  are  significantly  lowered.  Also,  fecal  neutral  detergent  fiber  (NDF) 
appeared  to  contain  other  unidentified  components.  To  date,  it  appears  that  the 
Saeman  hydrolysis  procedure,  as  modified  by  Selvendren,  may  be  a  suitable  means 
of  hydrolyzing  food  and  fecal  NDF.  At  present  there  are  many  discrepancies 
among  studies  on  the  effect  of  dietary  fiber  on  mineral  bioavailability.  Some 
natural  fiber  sources  are  reported  to  have  marked  adverse  effects  on  bioavaila- 
bility of  minerals,  and  others  very  little.  These  differences  may  be  due  to 
variations  in  fiber  composition  of  natural  fiber  sources.  Studies  are  underway 
to  compare  the  effects  of  cellulose,  xylan,  pectin  and  cornbran  on  the  bioavaila- 


1166 


I 


bility  of  calcium,  magnesium,  phosphorus,  iron,  copper,  zinc  and  selenium. 
Stable  isotopes  of  iron,  copper  and  zinc  will  be  fed  during  the  feeding  of 
cellulose  and  phytic  acid  to  assess  better  the  bioavailability  of  these  minerals 
(King,  AM  10202). 

6.  Lipids 

Nine  research  grants  on  lipids  were  active  in  FY81.  Of  these,  three  dealt  with 
essential  fatty  acids  and  six  with  absorption  and  metabolism  of  lipids. 

Meng  (AM  18281)  is  investigating  the  effect  of  an  essential  fatty  acid  (EFA) 
deficiency  on  prostaglandin  synthesis  or  production  of  arachidonic  acid  metabo- 
lites in  blood  platelets,  as  these  may  be  earlier  signals  of  EFA  deficiency. 
With  the  biochemical  criterion  (i.e.  tetraene/triene  ratio  of  plasma  lipids) 
for  the  diagnosis  of  EFA  deficiency  lowered  from  0.4  to  0.2,  the  incidence  of 
EFA  deficient  patients  requiring  TPN  remains  high  (33%).  Better  information  is 
needed  concerning  dosages  of  fat  emulsion  or  linoleic  acid  for  prevention  or 
correction  of  this  condition  during  TPN. 

Connor  (AM  29930)  is  determining  the  essentiality  of  dietary  omega  3  fatty  acids 
in  primates.  The  existence  of  a  dietary  requirement  for  omega  3  fatty  acids 
remains  an  unresolved  issue  in  human  nutrition,  though  recent  work  has  shown 
that  omega  3  as  well  as  omega  6  fatty  acids  are  precursors  for  the  syntheses  of 
prostaglandins  and  related  substances.  These  substances  have  wide-ranging  physi- 
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of  the  fatty  acid  content  of  ethanolamine  and  serine  phosphoglycerides.  Informa- 
tion on  primates  should  provide  a  better  basis  for  assessing  the  importance  of 
omega  3  fatty  acids  in  human  nutrition. 
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National  Digestive  Disease  Education 
and  Information  Clearinghouse 

The  Digestive  Diseases  Clearinghouse  is  an  information  service  of  the  National 
Institute  of  Arthritis,  Diabetes,  and  Digestive,  and  Kidney  Diseases  of  the 
N'ational  Institutes  of  Health.  The  ClearinghoustB  acts  as  the  coordina^.or  of  a 
national  effort  to  educate  the  public,  natiems,  their  fanilies,  ^^hysicians, 
and  other  health  care  providers  about  digestive  health  and  diseases,  informa- 
tion is  provided  on  symptoms,  diagnosis,  treatment,  and  prevention  as  v/ell  as 
research. 

The  Clearinghouse  provides  a  central  point  for  the  provision  and  exchange  of 
information.  In  cooperation  with  the  professional  organizations,  foundations, 
and  voluntary  health  organizations  involved  with  digestive  health  and  diseases, 
the  responsibility  of  the  Clearinghouse  is  three-fold.  It  will  aid  the  distri- 
bution of  available  educational  and  informational  material.  It  will  identify 
needed  materials.   And,  it  will  encourage  production  of  these  needed  materials. 

In  response  to  the  Digestive  Disease  Commission  recommendations,  submitted  to 
Congress  in  1979,  the  Institute  began  the  developement  of  the  Clearinghouse 
early  in  1930.  The  professional  and  lay  organizations  concerned  with  dige:;tive 
diseases  were  asked  to  name  individuals  to  advise  the  Clearinghouse.  A  contract 
was  negotiated  with  InterAmerica  Research  Associates  to  begin  the  operation  of 
the  Clearinghouse.  In  consultation  with  the  digestive  diseases  professional 
and  lay  organizations,  plans  were  made  for  the  focus  of  the  Clearinghouse  for 
the  first  year  of  operation. 

In  December  1930,  the  Health  Programs  Extension  Act  of  1930  (S9S8,  Section  440) 
mandated  the  Clearinghouse  as  follows. 

"The  Secretary,  acting  through  the  Director  of  the  National 
Institute  of  Arthritis,  Diabetes,  and  Digestive  and  Kidney 
Diseases,  shall  establish  an  information  and  education  center 
for  digestive  diseases  (1)  to  identify,  collect,  analyze, 
and  disseminate  information  respecting  the  diseases,  and 
(2)  to  serve  as  a  national  educational  resource  for  patients 
with  such  diseases  and  their  families,  physicians,  and  other 
health  professionals." 

Two  meetings  have  been  held  with  the  advisors  to  the  Clearinghouse  in  which 
plans  for  the  Clearinghouse  have  been  developed,  and  attainable  goals  for  the 
first  year  of  operation  have  been  identified. 

Three  fact  sheets  on  the  following  topics  were  produced,  "Cirrhosis  of  the  Liver" 
written  by  Willis  Maddrey,  M.D.,  Johns  Hopkins  Medical  Center  and  Hymen  Zimmerman, 
M.D.,  George  Washington  Medical  Center,  "Diarrhea,  Infectious  and  Other  Causes" 
written  by  Sidney  Phillips,  M.D.,  Mayo  Clinic,  and  "Heartburn"  written  by  Donald 
Castell,  M.D.,  Uniformed  Services  University  in  the  Health  Sciences.  Other  topics 
have  been  identified  and  authors  selected  and  contacted  to  write  the  fact  sheets. 
These  topics  include  "Milk  Intolerance"  to  be  written  by  Gary  Gray,  M.D.  One 
"Letter"  from  the  Clearinghouse  was  produced,  a  "Directory  of  Organizations",  and 
a  flyer  describing  the  Clearinghouse  activities  were  produced. 
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KIDNEY  UROLOGIC  AND  BLOOD  DISEASES  PROGRAM 
NATIONAL  INSTITUTE  OF  ARTHRITIS,  DIABETES,  AND  DIGESTIVE  AND  KIDNEY  DISEASES 

Nancy  Boucot  Cummings ,  M.D. 
Associate  Director,  NIADDK 

The  Kidney,  Urologic,  and  Blood  Diseases  Program  (KUBD)  of  the  National  Institute 
of  Arthritis,  Diabetes,  and  Digestive  and  Kidney  Diseases  (NIADDK)  continues  to 
focus  primarily  upon  research  into  the  basic  mechanisms  of  biologic  processes  and 
diseases  of  the  relevant  disciplines  and  subcategories  of  nephrology,  urology,  and 
hematology.   The  emphases  within  these  areas  are  upon  developing  an  understanding 
of  fundamental  processes  in  the  physiologic  and  pathophysiologic  states  so  that 
rational  treatment  may  be  devised.   The  ultimate  goal  of  such  research  is  to  find 
means  to  prevent  or  to  arrest  the  underlying  etiologic  causes  of  the  diseases  fall- 
ing within  the  program's  responsibilities.   The  major  support  mechanism  is  the  in- 
vestigator-initiated research  grant.   There  is  a  modest  investment  in  other  related 
mechanisms:   Program  projects,  research  career  development  and  training.   The  effort 
to  diminish  the  use  of  contracts  for  research  continues  and  this  mechanism  now  is 
utilized  primarily  for  developmental  types  of  projects.   Coordination  in  areas  of 
overlapping  and  complementary  interests  continues  to  be  maintained  and  nurtured 
with  other  institutes  of  NIH;  with  other  governmental  agencies;  outside  groups,  both 
lay  and  professional;  and  with  scientists  in  the  respective  fields.   Assessment  and 
evaluation  of  research  and  of  program  activity  and  productivity  are  maintained  by 
program  staff  in  consultation  with  outside  experts  when  indicated,  and  within  the 
limits  placed  by  modest  resources. 

The  two  broad  efforts  to  assess  the  research  activity  in  the  disciplines  and  direc- 
tions in  which  research  might  be  encouraged  to  expand  or  to  curtail  its  efforts, 
provide  an  ongoing  source  of  guidance  and  recommendations.   Research  Needs  in 
Nephrology  and  Urology,  the  NIADDK  sponsored  study  completed  in  1978,  is  a  resource 
which  continues  to  indicate  directions  for  encouragement  of  scientific  research  to 
be  nutured.   Mechanisms  used  include:   Program  Announcements  of  which  three  were 
issued  this  year — a  broad  based  one  addressing  research  interests  in  Kidney-Urology 
and  one  in  Continous  Ambulatory  Peritoneal  Dialysis;  a  broad  based  Program  Announce- 
ment relating  to  diabetes  melletus,  the  Kidney  and  Kidney  Disease,  issued  jointly 
with  the  Diabetes  Program;  meetings  and  workshops  of  which  two  were  sponsored  by  the 
Kidney  and  Urology  Program;  requests  for  contract  proposals;  and  formal  and  informal 
discussion  at  scientific  meetings.   The  Evaluation  of  Research  in  Hematology, 
initiated  by  NIADDK  and  supported  by  a  contract  awarded  to  Dr.  Ernest  Jaffe,  Albert 
Einstein  School  of  Medicine,  has  proven  useful  even  while  in  progress  to  those 
institutes  with  primary  research  support  in  hematology.   This  hematology  study  will 
be  published  within  the  next  year. 

The  combined  emphasis  upon  investigator-initiated  research  and  concern  for  finding 
means  to  prevent  disease  are  indicated  in  the  two  KUBD  sponsored  meetings:   Chronic 
Renal  Failure  Conference,  March  1981,  which  focussed  upon  research  into  two  of  the 
main  causes  of  chronic  renal  failure:   cystic  kidney  disease  and  glomerulonephritis; 
and  upon  special  problems  of  the  young  child  with  renal  failure;  and  a  conference  on 
Renal  Effects  of  Drugs  and  Environmental  Toxicants,  March  1981,  which  highlighted 
many  potentially  preventable  causes  of  renal  failure.   Three  clinical  trials  are  un- 
derway as  investigator-initiated  research  grants  focussed  upon:  1)  glomerulonephritis 
treatment,  2)  plasmapheresis  as  an  intervention  technique  for  lupus  nephritis,  and  3) 
surgical  versus  medical  therapy  of  reflux  nephropathy  in  children.   Means  to  monitor 
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clinical  trials  supported  as  investigator-initiated  grants  rather  than 
as  contracts  have  been  developed. 

The  Specialized  Centers  of  Research  (SCORs)  into  Urolithiasis  have  been 
converted  to  Program  Projects  since  their  composition  technically  fell 
within  this  research  mechanism.   Their  research  productivity  has  continued 
to  be  high  and  responsible  underlying  mechanisms  for  stone  formation  can 
be  assigned  for  about  80  percent  of  kidney  stone  patients.   An  effort  to 
assess  the  validity  of  the  SCOR  mechanism  to  encourage  research  has 
begun  with  an  RFP  for  e'.aluation  of  SCORs  as  a  means  to  stimulate  research 
which  includes  a  parallel  assessment  of  whether  the  serendipitous  support 
of  an  area  such  as  urolithiasis  is  riding  a  tide  of  increasing  interest 
in  an  area  or  actually  does  increase  research  productivity  by  the  extra 
encouragement,  as  compared  to  other  possible  mechanisms. 

In  an  effort  to  encourage  the  highest  quality  of  research  applications 
and  to  emphasize  areas  of  research  needs,  at  a  number  of  scientific 
meetings  panels  or  talks  have  been  given  about  the  breadth  of  kidney 
research  support,  the  areas  of  research  promise,  the  relevance  of  research 
to  costs  of  diseases  such  as  end  stage  renal  disease,  and  the  research 
grant  application  process.   Among  such  were  those  to:   National  Kidney 
Foundation/American  Society  of  Nephrology;  Society  of  University  Urologists; 
American  Urologic  Association;  American  Society  of  Artificial  Internal 
Organs.   Analysis  of  long-term  support  of  research  into  topics  related 
to  Chronic  Renal  Failure  indicated  fairly  level  support  over  the  a  ten- 
year  period  and  portrays  research  potential  in  chronic  renal  failure,  at 
both  fundamental  and  clinically  applied  levels  of  studies. 

The  Hematology  Program  continues  its  cooperative  efforts  with  the  National 
Heart,  Lung  and  Blood  Institute  informally  and  through  the  Coordinating 
Committee  for  Blood  Related  Activities.   The  Iron  Chelator  Development 
Program  which  received  its  initial  stimulus  from  interest  in  developing 
compounds  for  treatment  of  Cooley's  Anemia  patients  has  provided  at 
least  three  compounds  which  are  promising  enough  to  require  animal 
toxicologic  testing,  the  topic  of  a  request  for  contract  proposals  that 
should  result  in  the  award  of  a  contract  in  FY  1982.   The  reports  of 
hemosiderosis  in  chronic  renal  failure  indicates  new  clinical  applications 
for  iron  chelators  in  a  larger  patient  population  than  that  of  Cooley's 
Anemia. 

Coordination  and  cooperation  between  institutes  is  exemplified  by  the 
joint  sponsorship  of  the  conference  on  Renal  Effects  of  Drugs  and 
Environmental  Toxicants  with  the  National  Institute  of  Environmental 
Health  Sciences  and  of  the  planned  meeting  on  Neurosciences  and  Uremia 
with  the  National  Institute  of  Neurological  and  Communicative  Disorders 
and  Stroke,  as  well  as  cooperation  on  a  day-to-day  functional  level. 
The  most  active  interagency  cooperation  has  involved  that  necessary  with 
the  many  levels  of  committees  involved  the  end  stage  renal  disease  which 
include  The  Heath  Care  Financing  Administration,  The  National  Center  for 
Health  Care  Technology,  The  National  Center  for  Health  Statistics,  etc. 
Concern  with  problems  relevant  to  affirmative  actions  has  extended  from 
training  courses  in  this  area  to  presentations  about  relevant  topics 
both  within  NIH  and  to  outside  groups,  as  well  as  encouragement  of  the 
goals  of  the  Equal  Employment  Opportunity  programs. 
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HEMATOLOGY  PROGRAM 

The  Hematology  Program  of  the  National  Institute  of  Arthritis,  Diabetes,  and 
Digestive  and  Kidney  Diseases  supports  investigation  into  basic  mechanisms 
of  normal  blood  cell  function  and  into  pathogenesis  of  hematologic  disorders, 
and  includes  development  of  treatment  modalities,  clinical  application  and 
evaluation  of  treatment.   This  research  increases  both  fundamental  and  applied 
knov/ledge  about  blood.   The  availability  of  blood  and  blood  cells  facilitates 
study  of  membrane  phenomena,  protein  structure  and  function,  etc.  to  obtain 
information  broadly  applicable  to  medical  problems  such  as  chronic  renal  in- 
sufficiency, transplantation,  arthritis,  nutritional  disorders,  and  malignancy. 

Major  hematologic  categories  supported  are: 

1.  anemias  of  genetic  origin,  particularly  the  hemoglobinopathies, 
with  emphasis  on  regulation  of  hemoglobin  and  hemoglobin  synthesis 
(e.g.,  Cooley's  anemia,  sickle  cell  anemia). 

2.  metabolic  disorders ,  related  to  iron  transport  and  storage 
(hemosiderosis) ,  porphyrin  metabolism  (porphyrias) ,  and 
enzymatic  defects  (e.g.,  red  cell  glucose-6-phosphate 
dehydrogenase  deficiency)  . 

3.  nutritional  anemias,  especially  those  involving  iron,  folic  acid, 
and  vitamin  B   . 

4.  disorders  of  blood  cell  production,  such  as  those  encountered 
in  systemic  and/or  metabolic  disorders.   Examples  are  the 

anemia  of  chronic  renal  failure,  aplastic  anemia,  and  polycythemia. 

5.  immunology,  of  hematopoietic  tissue  transplantation  and  of  autoimmune 
hematologic  disease. 

A  major  difficulty  was  experienced  in  Fiscal  Year  1981  with  the  funding  of  research 
grants  in  Hematology,  due  to  the  commitment  of  a  relatively  large  percentage  of 
appropriated  funds  for  the  continuation  of  grants  funded  in  previous  years,  com- 
bined with  the  receipt  of  the  largest  number  of  approved  research  grant  appli- 
cations in  the  program's  history.   In  addition,  numerous  administrative  uncertain- 
ties throughout  the  year  regarding  the  budget  led  to  problems  with  planning  and  in 
advising  applicants. 

Anemias  of  Genetic  Origin 

Approximately  40  active  research  grants  support  investigations  involving  largely 
the  sequencing  of  animal  globin  DNAs  and  the  analysis  of  mechanisms  controlling 
the  switch  in  humans  from  the  synthesis  of  fetal  hemoglobin  to  adult  forms  as 
a  possible  cure  for  thalassemia.  Application  of  recombinant  DNA  technology  to 
problems  of  the  regulation  of  hemoglobin  biosynthesis  continues  to  stimulate 
investigation.   Using  these  techniques,  the  characteristics  of  globin  gene 
transcription  in  a  number  of  patients  with  6  -t_^alassemia  have  been  analysed, 
with  results  demonstrating  that  the  defect  in  6  -thalassemia  resides  not  at 
the  transcriptional  level  but  at  the  post-transcriptional,  or  mRNA  processing. 
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level  of  gene  expression.   Indications  are  that  the  defect  in  some  patients 
involves  abnormal  processing  and  accumulation  of  nucleotide  sequences  comple- 
mentary to  the  large  intervening  sequence  of  the  -  gene.   In  related  studies, 
the  structural  analysis  of  the  '^    thalassemic  globin  gene  has  been  completed, 
with  the  result  showing  that  the  only  difference  detectable  from  the  normal  S> 
globin  chain  is  a  single  nucleotide  change.   This  change  probably  results  in  an 
unstable  raRNA  which  is  degraded  rapidly,  thus  reducing  the  anount  of  functional 
mILN'A. 

Studies  of  globin  gene  sequence  studies  of  the  three  fetal  Y  globin  genes, 
have  revealed  an  unexpected  mechanism  by  which  duplicated  genes  co-evolve  in 
an  organism.   The  data  indicated  that  the  fetal  "(    globin  genes  have  exchanged 
DNA  along  the  chromosome,  by  intergenic  exchange  between  G  rand  AY  gene  loci. 
Through  cooperative  efforts  of  several  laboratories,  the  complete  nucleotide 
sequences  of  the  embryonic  £  ,  and  adult  6  and  5  genes  have  been  determined, 
and  comparisons  are  being  made  of  the  DNA  sequences  of  all  the  S  -like  globin 
genes  of  man.   This  new  understanding  about  genes  may  provide  an  anatomical 
basis  for  planning  experiments  about  the  nature  of   mechanisms  controlling  the 
activity  of  human  embryonic,  fetal,  and  adult  globin  genes. 

Metabolic  Disorders 

Several  supported  investigators  are  studying  to  define  the  role  of  genetic 
and  environmental  factors  in  the  pathogenesis  of  certain  of  the  porphyrias. 
Porphyria  cutanea  tarda  (PCT) ,  the  disorder  of  porphyrin  metabolism  most 
often  seen,  is  characterized  by  the  hepatic  synthesis  and  urinary  excretion 
of  excessive  amounts  of  porphyrins.   Clinically,  PCT,  is  identifiable  by  a 
photosensitive  dermatitis,  as  well  as  by  abnormalities  of  iron  metabolism 
leading  to  hemochromatosis.   The  removal  of  iron  by  phlebotomy  or  by  the 
administration  of  iron  chelating  agents  induces  both  clinical  and  biochemical 
remission  in  PCT  patients.   Recently,  using  in  vitro  systems,  it  has  now  been 
determined  that  iron  inhibits  the  activity  of  two  enzymes  in  the  metabolic 
pathway  of  hepatic  porphyrin  synthesis.   Further,  it  has  been  found  that  the 
activity  of  one  of  the  two  enzymes,  uroporphyrinogen  decarboxylase  is  signi- 
ficantly lower  in  tissues  from  PCT  patients  from  several  different  families 
than  it  is  in  normal  humans.  These  findings  have  been  confirmed,  and  it  is 
hoped  that  the  information  will  lead  to  a  better  understanding  of  the  mechan- 
ism of  PCT  with  improved  prospects  for  therapy. 

In  another  area  of  red  cell  metabolic  disease,  that  of  phosphof ructokinase 
deficiency,  it  has  been  shown  in  one  patient  that  this  disorder  results  from 
the  homozygous  deficiency  of  one  of  the  five  tetrameric  isoenzymes  of  the  red 
cell.   Additional  patients  with  this  disorder  are  being  investigated  to  define 
new  variants  and  enzyme  patterns. 

Nutritional  Anemias 

Several  NIADDK  supported  investigators  are  studying  problems  associated  with 
the  absorption,  transport,  storage,  and  interactions  of  various  trace  metals 
including  copper,  cobalt  and  iron,  as  well  as  vitamin  B   and  folic  acid. 

Using  animal  model  systems  to  investigate  the  interrelationships  of  the  gastro- 
intestinal pathways  for  iron,  lead,  and  cobalt,  competition  among  these  elements 
is  evident.   Each  is  absorbed  primarily  in  the  duodenum,  and  each  inhibits  the 
absorption  of  the  others  when  present.   For  example,  the  absorption  of  cobalt 
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and  lead  are  increased  in  iron-deficient  animals  and  diminished  in  iron-loaded 
animals.   Certain  of  the  methods  used  to  affect  iron  absorption,  such  as  acute 
bleeding  and  dietary  iron  deprivation,  result  in  increased  iron  absorption  but 
do  not  appear  to  affect  the  absorption  of  lead  and  cobalt.   This  finding  sug- 
gests that  alternative  pathways  for  iron  absorption  exist. 

Nitrous  oxide  (N^O)  is  one  of  the  most  widely  used  anesthetics  and  generally  is 
believed  to  be  inert  and  safe.   Recent  research  has  shown  that  N„0  is  associated 
with  hematologic  and  neurologic  disorders  that  mimic  cobalamin  deficiency.   These 
studies  raise  the  concern  that  high  concentrations  of  NO  may  have  a  role  in  the 
increased  incidence  of  spontaneous  abortions,  birth  defects,  and  possible  malig- 
nancies observed  in  anesthesiologists,  dentists,  and  in  operating  room  and 
dental  personnel.  In  the  liver,  most  of  the  cobalamin  is  bound  to  two  enzymes, 
methionine  synthetase  (MS)  and  methylmalonyl-CoA  mutase  (MMCoAM) .   Using  speci- 
fic enzyme  assays,  it  has  now  been  found  that  as  little  as  2%  NO  results  in 
20%  inhibition  of  MS  activity,  with  a  lesser  inhibition  of  MMCoAM.   Recovery  of 
MS  activity  was  slow  and  incomplete  at  6  days.   Higher  doses  of  N„0  result  in 
nearly  complete  inhibition  of  these  enzymes .   Cobalamin  analogues  appear  to  be 
formed  under  such  conditions,  and  are  preferentially  excreted,  leading  to  cobal- 
amin deficiency  and  decreased  enzyme  activity.   Experiments  are  underway  to 
confirm  this  process  and  to  define  its  clinical  implications. 

Disorders  of  Blood  Cell  Production 

Disorders  of  blood  cell  production  continues  to  be  one  of  the  most  active  areas 
of  investigation  in  hematology.   A  large  number  of  scientists  are  investigating 
the  basic  mechanisms  involved  in  the  regulation  of  erythropoiesis ,  and  trying  to 
apply  the  information  obtained  to  human  hemopoietic  diseases.   A  serious  shortage 
of  purified  human  erythropoietin  still  exists.   There  has  been  a  limited  increase 
in  the  amount  of  information  available  about  the  chemical  structure  of  erythro- 
poietin. 

The  regulatory  mechanisms  of  cell  proliferation  and  differentiation  by  mammalian 
hemopoietic  tissues  are  poorly  defined.   Many  of  the  studies  underway  address  the 
issues  of  humoral  and  cellular  controlling  factors  of  proliferation  of  erythroid 
progenitors  in  vitro.   Hemopoietic  progenitor  cells  are  obtained  easily  and 
techniques  are  available  for  cloning  these  cells  in  vitro,  making  it  possible  to 
obtain  data  widely  applicable  to  understanding  of  disorders  involving  other  less 
available  tissues,  as  well  as  bearing  on  such  clinical  problems  as  the  anemia 
of  chronic  renal  failure. 

The  mechanisms  controlling  the  switch  in  erythropoietin  production  from  liver  to 
kidney  and  which  accompany  growth  and  development  of  the  fetal  and  newborn  mammal 
have  sparked  investigations.   Using  anemic  fetal  and  newborn  sheep  which  were 
either  hepatectomized  or  bilaterally  nephrectomized,  research  workers  have  com- 
pared erythropoietin  activity  of  blood  samples  to  the  levels  present  in  plasma  of 
either  anemic  intact  fetuses  or  of  anemic  intact  newborns.   The  timing  of  the 
switch  appears  variable,  but  generally  it  occurs  over  a  10-day  period  beginning 
at  about  day  20  post-partum.   The  switch  is  not  affected  by  hormonal  agents  which 
influence  erythropoietin  production  in  the  fetus  but  is  profoundly  delayed  by 
reduced  tissue  oxygen  availability  during  the  fetal-newborn  period.   A  better 
understanding  of  the  factors  influencing  this  switch  may  contribute  to  the  design 
of  rational  therapeutic  approaches  to  the  anemia  of  renal  failure. 
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Immunohematology 

This  research  area  of  the  Hematology  Program  has  the  goal  of  developing  informa- 
tion on  the  genetic  and  cellular  mechanisms  underlying  natural  resistance  to 
foreign  and  parental  hemopoietic  cells,  normal  and  neoplastic.   It  has  potential 
for  understanding  cellular  interactions,  the  immunobiology  and  immunogenetics  of 
hemopoietic  cell  transplantation,  and  the  elucidation  of  the  pathogenesis  of 
blood  disorders.   Evidence  which  strongly  suggests  that  natural  killer  cells  are 
the  source  of  hybrid  resistance  to  parental  bone  marrow  grafts  ^  vivo  has  been 
obtained  from  studies  on  inbred  strains  of  mice.    Such  reactivity  of  natural  ani 
induced  crystotoxin  lymphocytes  against  self  has  great  significance  for  achieving 
an  understanding  of  the  regulation  of  cellular  interactions. 

Iron  Chelator  Development  Program 

A  request  for  Contract  Proposals  has  been  issued  for  toxicologic  evaluation  in 
animals  of  new  iron  chelating  compounds  previously  screened  in  the  hypertrans- 
fused  rodent.   At  least  three  compounds  initially  appear  promising  enough  to 
undergo  such  studies,  and  it  is  hoped  that  a  toxicology  contact  may  be  initiated 
early  in  FY  1982. 
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KIDNEY  DISEASE  AND  UROLOGY  PROGRAM 

The  funds  administered  by  the  Kidney  Disease  and  Urology  Program  during  FY  1981, 
including  the  support  for  investigator- initiated  research  grants,  ROls  (291), 
program  projects  (12),  contracts  (16),  Clinical  Investigator  Awards  (18),  and 
Research  Career  Development  Awards  (18)  exceeded  $37,763,000  while  the  support 
for  National  Research  Service  Awards,  both  individual  (21)  and  institutional  (29) 
amounted  to  $1,950,000. 

Manpower  Development 

Four  of  five  competitive  renewal  institutional  National  Research  Service  Awards 
(T32s)  were  funded  in  FY  1981,  for  a  total  of  29  active  training  programs  supported 
by  the  Kidney  Disease  and  Urology  Program,  which  provide  stipends  for  92  post- 
doctoral and  4  predoctoral  trainees.  Added  to  the  13  active  individual  National 
Research  Service  Awards  (F32s)  were  8  new,  for  a  total  of  21  fellowships  supported 
with  FY  1981  funds.   Five  new  Research  Career  Development  Awards  were  established, 
bringing  the  total  to  18  and  the  Clinical  Investigator  Avrard  Program  has  escalated 
to  18,  with  the  addition  of  6  new  commitments. 

Conferences 

Awards  were  provided  for  partial  support  of  the  following  conferences/workshops/ 
symposia  by  the  Kidney  Disease  and  Urology  (KDU)'  Program  during  FY  1981:  (1)  Ara- 
chidonic  Acid  Metabolites  and  the  Kidney,  June  4-5,  1981,  Rome,  Italy   (2)  Inter- 
national Symposium  on  the  Brattleboro  Rat,  September  5-7,  1981,  Hanover,  New  Hamp- 
shire, and  (3)  Advances  in  Systemic  Lupus  Erythematosis,  October  2-3,  I9S1,  Nevv? 
York,  New  York.   A  Chronic  Renal  Disease  conference  sponsored  by  the  KDU  Program 
was  held  March  5-6,  1981  and  included  half-day  sessions  on  (1)  Cystic  Diseases  of 
the  Kidney,  (2)  Control  of  Treatment  Morbidity  and  Uremic  Toxicity  with  Hemodialysis 
and  Heraof iltration  Therapy,  (3)  Chronic  Renal  Failure:  Unique  Problems  of  the  Child 
with  Renal  Failure  and  (4)  Current  and  Future  Trends  in  Research  in  Glomerulo- 
nephritis.  A  conference  on  Drugs  and  Environmental  Toxicants,  jointly-sponsored 
by  the  KDU  Program  of  the  NIADDK  and  NIEHS  was  held  March  18-20,  1981  at  Pinehurst, 
North  Carolina.   The  program  included  topics  such  as  acute  renal  failure  models, 
nephrotoxicity  of  antibiotics,  environmental  toxins  and  interstitial  nephritis, 
environmental  toxicities  and  hazards  and  related  immunopathological  mechanisms. 

RENAL  PHYSIOLOGY/PATHOPHYSIOLOGY  PROGRAl^I 

The  Renal  Physiology/Pathophysiology  Program  of  the  National  Institute  of  Arthritis, 
Diabetes,  and  Digestive  and  Kidney  Diseases  supports  research  on  the  structure 
and  function  of  the  kidney,  such  as  metabolism,  transport  and  fluid-electrolyte 
dynamics;  diseases  and  mechanisms  leading  to  chronic  renal  disease,  including 
diabetic  nephropathy,  polycystic  disease,  etc.;  specific  immune  mechanisms  of 
kidney  disease,  including  glomerulonephritis,  interstitial  and  lupus  nephritis; 
and  effects  of  drugs,  nephrotoxlns  and  environmental  toxins  on  the  kidney.   The 
following  are  highlights  of  some  of  the  research  activities  supported  by  the  Renal 
Physiology/Pathophysiology  Program. 

Glomerular  Mesangium 

The  mesangiim  occupies  an  intercapillary  position  in  the  glomerulus  and  is  a  common 
site  of  immune  complex  deposition  in  human  and  experimental  renal  disease.   Chronic 
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raesanglal  injury  has  been  associated  with  slowly  progressive  renal  insufficiency.    i 
A  group  associated  with  the  Regional  Kidney  Disease  Program  in  Minnesota  is  studying" 
the  determinants  of  glomerular  ultrafiltration  in  models  of  glomerular  disease  in 
which  the  principal  site  of  injury  is  the  glomerular  mesangium.   They  have  developed 
a  reproducible  model  of  chronic  mesangial  immune  complex  disease  in  the  rat  by 
administering  intraperitoneal ly,  8  mg/100  gm  body  weight  of  ferritin,  daily  for  6 
v.'eeks.   Their  data  demonstrate  that  chronl;  mesangial  immune  complex  disease  results 
In  approximately  a  20  per  cent  reduction  in  total  kidney  glomerular  filtration  rate 
(GFR)  and  in  single  nephron  glomerular  filtration  rate  (SNGFR) .   Assessment  of  the 
glomerular  dynamic  factors  responsible  for  the  reduction  in  SNGFR  demonstrated  that 
the  glomerular  capillary  pressure  was  reduced  1.6  percent  as  a  consequence  of  in- 
creased afferent  and  efferent  anteriolar  resistances. 

In  another  model  of  experimental  glomerular  disease  these  investigators  are  eval- 
uating the  effects  of  alloxan- induced  diabetes  in  the  rat.   These  studies  are  being 
performed  in  two  variations  of  the  experimental  model:   Group  1  -  alloxan  induced 
diabetic  rats  that  are  allowed  to  remain  hyperglycemic  for  1  or  3  months  and  are 
studied  at  these  time  intervals.   Group  2  -  alloxan  induced  diabetic  rats  that  are 
given  small  supplemental  daily  doses  of  insulin  are  studied  after  3  months  of  the 
disease.   This  latter  group  was  felt  to  be  important  since  the  untreated  diabetic 
rats  grow  at  a  significantly  slower  rate  than  age-matched  controls.   It  was  observed 
that  small  supplemental  daily  doses  of  insulin  allow  for  normal  body  growth  despite 
hyperglycemia.   Results  of  these  studies  demonstrated  that  in  Group  1  diabetic  rats 
there  was  a  reduction  in  the  GFR  and  SNGFR  as  a  result  of  a  decrease  in  the  glo- 
merular capillary  pressure  secondary  to  an  increase  in  arteriolar  resistances. 
Similar  reductions  In  renal  plasma  flow  (RPF)  and  glomerular  plasma  flow  (GPF)  were  a 
observed  also.  These  changes  oc^ur  in  the  absence  of  any  detectable  decrease  In  the  I 
Intravascular  volume  and  are  present  at  one  month  of  the  disease,  wherever  func- 
tional changes  occur  before  detectable  changes  in  glomeruli  are  observed  by  light, 
Imnunof lourescence  and  electron  microscopy.   After  three  months  of  experimental 
diabetes,  decreases  in  GFR  and  SNGFR  are  still  evident  and  in  fact  are  slightly  more 
pronounced.   These  researchers  attribute  these  changes  to  decreases  in  glomerular 
capillary  pressure  secondary  to  an  Increase  in  arteriolar  resistance. 


Lupus  Nephr i t  Is 
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Renal  failure  due  to  severe  lupus  nephritis  is  an  important  complication  of  systemic 
lupus  erythematosus.   Patients  with  severe  lupus  nephritis  at  present  are,  usually 
treated  with  a  drug  regimen  which  itself  carries  a  significant  mortality.   It  Is 
widely  accepted  that  high  dosages  of  steroids  (such  as  prednisone),  have  improved 
survival,  but  it  is  still  not  established  that  further  addition  of  a  cytotoxic  agent 
(such  as  cyclophosphamide)  incrementally  improves  survival  and  preserves  renal 
function.   Plasmapheresis  is  widely  used  to  treat  various  "immunologically  mediated" 
diseases,  but  evidence  supporting  its  efficacy  is  anecdotal  or  involves  only  retro- 
spective evaluation.   During  the  past  few  years  several  reporcs  have  appeared  de- 
scribing possible  beneficial  effects  of  plamapheresis  in  the  management  of  lupus 
nephritis  patients  and  suggesting  that  plasmapheresis  may  offer  improved  results 
over  that  of  existing  therapy.   To  gain  a  better  understanding  of  whether  or  not 
plasmapheresis  Is  a  useful  therapeutic  modality,  a  controlled  clinical  trial,  in- 
corporating at  least  ten  centers  recently  was  funded  to  gain  additional  information 
about:  1)  the  effects  and  feasibility  of  plasmapheresis  in  general;  2)  relationships 
between  various  histological  abnormalities  and  the  response  to  therapy;  and  3)      i 
mechanisms  of  action  of  plamapheresis  in  lupus  nephritis.   Plans  for  the  study 
Include  the  entry  of  200  patients  over  three  years  and  for  up  to  a  five  year  patient 
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follow-up.   The  patients  will  be  allocated  randomly  either  to  a  group  receiving 
prednisone  and  cyclophosphamide  or  to  a  group  receiving  these  drugs  plus  plasma- 
pheresis.  The  study  has  been  carefully  organized  and  is  being  carried  out  by  an 
experienced  group  of  nephrologists  and  rheumatologists,  who  have  worked  with  lupus 
nephritis  and  with  plasmapheresis. 

Serum  Activating  Factor  in  Glomerulonephritis 

A  serum  complement  activating  factor  in  glomerulonephritis  which  is  capable  of 
activating  C3  through  the  alternative  complement  pathway  has  been  derived  from  a 
patient  with  membranoproliferative  glomerulonephritis  by  a  group  at  Rush-Presby- 
terian-St.  Lukes  Medical  Center.   Although  the  activation  of  C3  by  this  material 
was  comparable  to  zymosan,  it  was  significantly  less  than  C3  nephritic  factor. 
This  new  C3  activating  factor  hitherto  undescribed,  discovered  by  Dr.  Edmund  Lewis 
and  associates,  may  play  an  Important  role  in  the  pathogenesis  of  some  forms  of 
nephritis.   According  to  leaders  in  the  field,  this  finding  adds  a  new  dimension  to 
the  biological  importance  of  complement  activating  factors  in  renal  disease. 
Another  exciting  aspect  of  these  studies  is  Dr.  Lewis'  finding  that  beta-l-H 
globulin,  an  important  regulatory  protein,  binds  to  the  newly  discovered  activating 
factor.  This  could  explain,  in  part,  observations  of  low  beta-l-H  globulin  levels 
seen  in  sera  of  patients  with  various  forms  of  nephritic  diseases  by  many  investi- 
gators. 

Active  Sugar  Transport  in  Renal  Cells 

A  grantee  of  the  Kidney  Disease  and  Urology  Program  of  the  NIADDK  at  the  University 
of  Pennsylvania  has  reported  a  nuriber  of  interesting  findings  that  have  evolved 
from  his  multi-faceted  research  program  designed  to  study  sugar  transport  and  meta- 
bolism in  renal  tubules  ^H  vitro  and  in  renal  cells  grown  Jm,  culture.   Some  of  his 
especially  interesting  findings  are  that:  1)  insulin  increases  both  glucose  oxida- 
tion and  gluconeogenesis;  and  2)  renal  cells  grown  in  tissue  culture  actively  accu- 
mulate sugar.   During  the  next  five  year  funding  period  his  studies  are  geared;  1) 
to  elucidate  the  mechanism  of  insulin  control  of  sugar  transport  and  metabolism  in 
renal  cells  by  measuring  the  activity  of  key  enzymes  of  carbohydrate  metabolism  in 
normal,  hypoinsulinemia,  and  hyper insulinemia  suspensions  of  rat  renal  cortical  tu- 
bules; 2)  to  study  the  effect  of  insulin  on  hexose  transport  and  on  gluconeogenesis 
in  a  renal  epithelial  cell  line  grown  _in  vitro;  3)  to  study  the  mechanisms  of  renal 
fructose  transport  and  metabolism  in  several  newborn  animals,  such  as  piglets  and 
lambs,  as  well  as  the  effects  of  insulin  on  fructose  transport  and  metabolism;  and 
4).  to  clarify  the  mechanisms  of  2-deoxy-galactose  secretions  by  the  kidney  and  in- 
testine using  sugar  analogs  and  measuring  the  actual  driving  forces  of  this  process. 

Renal  Substrate  Utilization  in  Relation  to  Function 

Studies  of  glucose  and  lactate  metabolism  in  the  kidney  underway  at  the  University 
of  Rochester  are  aimed  at  gaining  an  understanding  of  how  substrates  are  utilized 
in  the  support  of  renal  function.   In  certain  disease  states  such  as  diabetes, 
nephritis  or  nephrosis,  renal  functional  changes  are  observed.   Therefore  it  is 
important  to  determine  whether  the  changes  in  function  are  due  to  a  defect  in 
utilization  of  a  substrate  or  to  a  primary  defect  in  the  function  per  se.   Also, 
changes  in  the  metabolic  pattern,  (that  is,  fates  of  a  substrate)  by  which  a 
substrate  is  utilized  may  occur  in  a  disease  state  so  that  a  further  decrement  in 
function  will  occur.   For  example  in  diabetes,  glucose  levels  in  plasma  are  high 
and  may  be  attributed  to  an  increased  production  of  sorbitol  in  the  kidney  which 

1177 


can  affect  cellular  function.   By  understanding  the  pathways  by  which  a  substrate  i 
is  utilized  in  the  kidney  and  how  its  metabolism  is  coupled  to  function,  a  more 
complete  comprehension  of  how  a  disease  affects  overall  renal  function  should 
evolve.   These  studies  also  may  provide  a  more  complete  understanding  of  the  energy 
requirements  for  the  several  work  functions  the  kidney  performs.   In  a  recent  study 
by  this  group,  it  was  reported  that  there  is  a  high  rate  of  biosynthetic  work  which 
incrc-asL-s,  In  parallel  with  Increases  In  sod  Lun  reabsorpt  ion.   Thus,  the  energy 
requirements  for  sodium  reabsorption  are  overestimated  by  not  taking  into  consid- 
eration the  rise  in  biosynthetic  work  which  occurs  when  tubular  function  increases. 
These  approaches  employed  by  this  group  should  also  permit  them  to  determine  whether 
a  hormone  or  neural  mediator  has  a  direct  or  indirect  effect  on  kidney  function  or 
metabolism.   Ultimately  an  understanding  of  how  metabolism  is  coupled  to  and  regu- 
lates renal  function  in  health  and  in  disease  may  be  achieved. 

Neural  Control  of  Renal  Excretion  in  the  Primate 

There  Is  a  grov^ing  interest  in  the  role  of  the  nervous  system  in  the  control  of 
renal  function,  and  whether  Its  effects  are  exerted  directly  or  indirectly  through 
changes  In  extra-cellular  fluid  volume  or  hormone  release.   Currently  available 
evidence  suggests  that  the  changes  in  diuresis  and  natriuresls  may  be  mediated 
either  by  a  direct  effect  on  the  renal  tubule  or  by  the  release  and  inhibition  of 
vaso-act Ive  substances,  such  as  angiotensin  II,  prostaglandins  or  vasopressin.   It 
Is  also  known  that  activation  of  left  atrial  and  of  carotid  baroreceptors  results 
in  both  diuresis  and  natriuresis,  but  the  former  can  be  abolished  by  the  exogenous 
administration  of  vasopressin.   Furthermore,  It  Is  known  that  some  of  the  neural 
effects  are  exerted  upon  the  kidney  through  changes  in  Intrarenal  heniodynami^s .   In  i 
studies  recently  funded  at  the  Texas  A  &  M  Research  Foundation,  an  Investigator     ' 
will  attempt  to  gain  a  more  concise  understanding  of  how  the  cardiopulmonary  recep- 
tors and  baroreceptors  In  the  nervous  system  of  primates  control  salt  and  water 
hemeostasis.  Although  these  neural  mechanisms  have  been  implicated  in  the  dog,  there 
is  very  limited  Information  in  this  area  concerning  primates.   The  three  approaches 
Involved  in  these  investigations  are:  1)  to  assess  the  role  of  the  dorsal,  spinal 
and  baroreceptor  nerves  by  various  denervation  procedures;  2)  to  assess  the  role  of 
the  vagal-aortlc  and  carotid  sinus  nerves  In  the  renal  response  to  head-out  water 
unmerslon  versus  non- Immersion;  and  3)  to  test  the  effect  of  cardiac  denervation  of 
the  renal  response  to  both  head-out  water  immersion  and  non- immersion. 

Phosphate  Homeostasis  in  the  Neonate 

The  concentration  of  inorganic  phoshorous  (Pi)  In  the  plasma  of  the  neonate.  Infant 
and  young  child  is  known  to  be  substantially  higher  than  that  found  In  older  chil- 
dren and  adults  and  appears  to  be  directly  correlated  with  the  rate  of  growth. 
However,  the  mechanism  by  which  the  high  plasma  levels  are  maintained  In  the  devel- 
oping child  are  not  well  understood.   Based  on  the  likelihood  that  the  kidney  plays 
a  role  in  this  phenomenon  and  tnat  there  is  evidence  to  suggest  that  the  renal  re- 
sponse to  various  factors  that  regulate  Pi  handling  vary  with  the  stage  of  matu- 
ration, a  pediatric  nephrologist  at  the  Albert  Einstein  College  of  Medicine  Is 
investigating  this  problem.   To  examine  more  closely  the  mechanisms  of  renal  phos- 
phate handling  by  the  newborn  kidney,  phosphate  titration  studies  are  being  per- 
formed In  both  the  newborn  and  mature  guinea  pig.   In  reports  of  studies  in  which 
perfusate  Pi  concentration  was  Increased  gradually  by  adding  neutral  phoshate, 
while  keeping  the  perfusate  pH  at  7.4,  It  appears  that  the  reabsorption  of  Pi  Is 
directly  proportional  to  the  amount  filtered  up  to  filtered  loads  of  60-70  raicro- 
grams/minute.   Beyond  this  range  there  is  a  tendency  to  plateau,  suggesting  that 
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maximal  sites  of  Pi  reabsorption  have  been  reached.   When  comparing  rates  of  Pi 
reabsorption  in  the  newborn  and  in  the  mature  guinea  pig  over  the  same  range  of 
filtered  loads,  this  investigator  reports  that  the  newborn  guinea  pig  is  able  to 
reabsorb  almost  four  times  more  Pi  than  the  adult.   The  growing  subject  has  an 
obvious  need  to  remain  in  positive  balance  for  phosphate  and  these  data  are  sup- 
portive of  the  idea  that  the  kidney  is  a  key  organ  contributing  to  this  phenomenon. 

Toxic  Effects  on  Renal  Function 

Experiments  by  a  renal  pharmacologist  at  Michigan  State  University  were  conducted  to 
determine  the  effect  of  anesthesia  on  renal  function  in  newborn  piglets.   Parameters 
that  were  measured  included  cardiac  output,  intrarenal  blood  flow  distribution  and 
plasma  renin  concentration  as  well  as  standard  renal  function  tests.   Results 
reported  from  these  studies  indicated  that  changes  in  renal  and  cardiovascular 
function  due  to  anesthesia  in  the  newborn  are  small.   For  example,  no  major  differ- 
ences were  seen  using  a  combination  of  nitrous  oxide-oxygen  plus  ketamine  or  halo- 
thane  or  pentobarbital.  These  investigators  suggest  that  whatever  small  differences 
that  occur  may  be  related  to  factors  such  as  the  degree  of  development  of  the  auto- 
nomic nervous  system. 

X-RAY  MICROANALYSIS 


Although  the  use  of  x-ray  microanalysis  in  renal  research  is  subject  to  all  the 
problems  inherent  in  the  use  of  a  new  technology,  its  promise  appears  to  be  great 
because  its  use  for  the  localization  of  insoluble  deposits  in  kidney  tissue,  the 
quantitation  of  micropuncture  samples  from  tubular  lumena  and  the  localization  and 
quantitation  of  histochemlcal  reaction  products  are  becoming  standard  procedures  in 
a  variety  of  laboratories  Involved  In  renal  research.   With  its  use,  the  validity 
of  these  procedures  has  been  established  and  their  further  exploitation  should  lead 
to  new  research  Insights.   Furthermore,  the  possibility  of  applying  these  technical 
achievements  to  renal  research  raises  hope  that  a  more  precise  understanding  of 
the  Ion  concentrations  In  lumena,  Interstltium,  cells,  and  their  organelles  from 
various  regions  of  the  kidney  in  documented  physiological  and  pathological  states. 
Thus,  elements  to  be  Identified  may  be  naturally  occurring,  accumulated  by  some 
pathological  process,  or  added  to  tissue  as  tracers  or  stains.   Perhaps  even  more 
enticing  is  the  anticipated  concordance  of  the  morphological  and  the  biochemical  In 
the  Identification  and  quantitation  of  the  elemental  content  of  soluble  substances 
In  renal  cells,  lumena,  Interstltium  or  even  within  cellular  organelles  using  frozen 
tissue  sections. 

A  group  at  the  University  of  Texas  at  Houston  that  Is  exploiting  the  use  of  x-ray 
microanalysis  is  making  attempts  to  gain  an  understanding  of  mechanisms  causing 
renal  damage  In  acute  renal  failure  and  In  drug-Induced  nephrotoxicity  and,  in 
defining  ways  to  ameliorate  the  toxic  effects.   For  example,  preliminary  results 
reported  Indicate  that  clonldlne  (an  antihypertensive  agent)  administration 
ameliorates  mercuric  chloride  toxicity  and  that  preventing  potassium  depletion 
decreases  gentamicln  nephrotoxicity. 
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UROLOGY  PROGRAM 

The  Urology  Program  of  the  NaCional  Institute  of  Arthritis,  Diabetes,  and  Diges- 
tive and  Kidney  Diseases,  supports  research  efforts  into  the  basic  mechanisms, 
pathophysiology  and  the  therapeutic  approaches  to  urologic  disorders.   These 
include:  benign  prostatic  hyperplasia  (BPH),  urinary  tract  infection  (UTI) , 
urolithiasis,  obstructive  uropathy,  neuroQuscular  dysfunction  of  the  urinary 
tract,  vesicoureteral  and  renal  reflux,  and  sundry  conditions  such  as  Peyronie's 
disease,  priapism,  impotence,  enuresis,  congenital  anomalies  of  the  lower  urinary 
tract,  etc.   Progress  in  research  in  a  number  of  these  areas  is  reported  below. 

Benign  Prostatic  Hyperplasia 

Development  of  benign  prostatic  hyperplasia  (BPH)  is  a  common  occurrence  in  men, 
and  usually  is  present  microscopically  long  before  it  becomes  clinically  evident. 
It  is  a  major  cause  of  morbidity  in  men  over  the  age  of  40,  although  uncomplicated 
it  is  not  a  leading  cause  of  death.   Recently  there  has  been  an  increase  in  knowl- 
edge about  factors  influencing  the  development  of  BPH,  primarily  from  studies  in 
dogs.   Very  little  has  been  added  to  knowledge  about  BPH  in  man. 

Two  grantees  of  the  NIADDK  working  in  collaboration,  one  at  Northwestern  Univer- 
sity Medical  School,  and  the  other  in  Bicetre,  France,  continue  their  efforts  to 
identify  the  nature,  cellular  distribution  and  concentration  of  steroid  cell 
membrane  receptors  in  epithelial  and  in  stromal  cellular  elements  present  in  BPH. 
This  work  is  being  correlated  with  the  histological  examination  of  unf ractionated 
BPH  tissue  samples. 

Efforts  continue  at  the  University  of  Colorado,  in  Boulder  and  in  Denver,  to  cor- 
relate morphologic  changes  during  the  development  of  the  prostate  and  the  biochem- 
ical characteristics  of  this  gland,  with  hormone  cell  membrane  receptors.   The 
focus  of  these  experiments  is  primarily  on  recombinant  techniques  and  upon  cell 
membrane  steroid  hormone  receptors  measured  by  antibodies  and  by  autoradiography. 
These  investigators  developed  a  germ-free  breeding  colony  of  athymic  nude  mice, 
which  are  host  animals  for  BPH  studies.   Comparisons  of  the  morphogenetic  prostate 
pattern  of  fetal  and  of  elderly  male  sources  are  made  by  growing  specimens  of 
human  fetal  prostate  in  these  nude  mice.   Preliminary  results  indicate  that  nuclear 
androgen  receptor  binding  is  distributed  over  mesenchymal  (connective  tissue) 
cell  nuclei.   In  contrast,  epithelial  androgen  receptors  are  absent  at  this  parti- 
cular stage.   The  interaction  between  androgenic  steroids  and  mesenchymal  compo- 
nents of  the  prostate  may  account  for  the  morphogenetic  and  biochemical  differen- 
tiations of  this  gland.   Ongoing  recombinant  experiments  indicate  that  the  adult 
prostate  positively  induces  the  formation  of  prostatic  like  structures  upon 
embryonic  epithelium  derived  from  urogenital  sinus  or  bladder. 

At  Johns  Hopkins  University,  44  beagle  dogs  of  known  age  are  being  studied  to 
correlate  the  exact  time  of  the  onset  and  development  of  BPH,  and  of  changes  in 
the  physiological  function  of  both  testes  and  prostate,  with  age.   A  cross- 
sectional  study  of  the  effects  of  age  on  the  male  reproductive  tract  is  being 
conducted  under  this  protocol.   The  effects  of  different  doses  of  testosterone  on 
sperm  production  and  upon  prostatic  function  is  being  tested  in  these  dogs.   An- 
drogen receptors  are  measured  in  cytosol  and  in  nuclei  of  prostatic  tissue  from 
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normal  young  males  as  well  as  in  hyperplastic  prostatic  tissue,  obtained  from 
older  male  patients  at  the  time  of  surgery,  to  determine  whether  an  increase 
in  the  content  of  androgen  receptors  occurs  in  human  BPH  in  association  with 
increase  dihydrotestosterone  levels. 

Well  controlled  studies  are  needed  to  determine  the  relationship  between  systemic 
endocrinologic  changes  and  the  resulting  pathology  of  the  prostate. 

Vesicoureteral  Reflux 

Because  of  the  controversies  about  management  of  children  with  vesicoureteral 
reflux,  a  multi-center  prospective  study  recently  has  been  funded  by  the  NIADDK. 
This  clinical  trial  is  in  the  stage  of  patient  recruitment  and  pilot  collection 
of  clinical  data.   This  controlled  randomized  study,  of  which  the  Albert  Einstein 
Medical  College  is  the  lead  center,  involves  18  pediatric  centers  throughout  the 
country.   The  aims  of  the  study  are  to  establish  a  rational  basis  for  the  treatment 
of  vesicoureteral  reflux  so  that  the  development  and  progression  of  renal  damage 
in  children,  can  be  arrested  or  halted. 

Urolithiasis 

Infection-induced  urinary  stones  are  manifested  clinically  as  soft,  poorly  mineral- 
ized concretions,  or  as  branched  renal  calculi  that  completely  fill  the  upper 
urinary  excretory  tract.   A  collaborative  double-blind  randomized  study  is  at 
present  being  conducted  at  Baylor  College  of  Medicine  to  assess  the  efficacy  and 
safety  of  the  treatment  of  infection- induced  stones  with  acetohydroxamic  acid 
(AHA).   Candidates  for  the  study  are  patients  with  resistant  urinary  infection 
caused  by  urea-splitting  bacteria  and/or  infected  renal  calculi.   This  study  of 
AHA,  an  inhibitor  of  bacterial  urease,  is  in  too  early  a  phase  to  assess  the  ulti- 
mate outcome. 

Specialized  Centers  of  Research  in  Urolithiasis  (SCOR's) 

In  September  1977,  five  Specialized  Centers  of  Research  (SCORS)  which  have  been 
converted  to  Program  Projects,  were  funded  by  NIADDK  to  conduct  research  in  uroli- 
thiasis.  Throughout  almost  four  years  of  support,  the  impact  that  the  SCOR's  in 
urolithiasis  have  had  in  the  field  of  urolithiasis  as  well  as  in  the  overall 
field  of  mineral  metabolism  appears  to  be  great.   To  assess  the  impact  of  the 
SCOR's  (POl)  in  urolithiasis  an  evaluation  project  funded  with  HHS  set-aside 
evaluation  funds  will  be  started  in  the  course  of  this  fiscal  year.   The  applica- 
tions responding  to  the  Request  For  Proposals  are  being  evaluated  at  present. 

At  the  University  of  Texas  Health  Sciences  Center  a  reliable  ambulatory  evaluation 
protocol  was  developed.   A  simply  designed  thorough  outpatient  work-up  for  stone- 
forming  patients  is  being  evaluated.   The  underlying  mechanism  leading  to  kidney 
stone  formation  has  been  determined  in  most  cases.   The  protocol  includes  collec- 
tion of  two  24  hour  urine  samples,  one  while  patients  are  on  a  random  diet  and 
another,  one  week  after  patients  have  been  on  a  calcium  and  sodium  restricted  diet. 
This  period  is  followed  by  an  overnight  fast  and  two  hours  of  calcium  loading. 
With  this  simple  ambulatory  protocol,  241  patients  with  nephrolithiasis  had  been 
evaluated  at  this  center  and  definitive  diagnoses  were  obtained  in  95%  of  the 
patients.   In  most  patients,  long-term  hospital  admissions  to  conduct  mineral 
balance  studies,  are  no  longer  needed. 
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Under  Che  sane  Program,  "optimum"  treatment  modalities  are  being  selected  for      ' 
different  forms  of  nephrolithiasis  on  the  basis  of  their  ability  to  correct  under- 
lying physicochemical  and  physiological  derangements.   These  treatment  modalities 
include:  sodium  cellulose  phosphate  for  the  absorptive  hypercalciurias*  (GI 
tract  hyperabsorption  of  calcium);  thiazides  for  renal  (calcium  leak)  and  absorp- 
tive hypercalciurias;  orthophosphate  for  hypophosphatemia  GI  tract  absorptive 
hypercalciurias;  ailopurinol  for  hyperuricosuric**  calcium  oxalate  nephroli- 
thiasis— plus  thiazide  for  absorptive  hypercalciurias  with  hyperuricosuria.   High 
fluid  intake  is  recommended  for  all  cases  and  low  calcium  diet  only  for  normocal- 
ciuric#  nephrolithiasis.   All  seven  "optimum"  treatment  modalities  led  to 
significant  clinical  improvement,  and  remission  or  reduction  of  stone  formation  as 
compared  with  the  pretreatment  programs.   The  safety  and  efficacy  of  these  and 
other  treatment  modalities  is  at  present  under  evaluation. 

In  the  SCOR,  at  Michael  Reese  Hospital  and  Medical  Center  in  Chicago,  850  stone 
formers  were  evaluated.   Hypercalciuria  appeared  as  an  important  risk  factor  and 
was  found  in  more  than  40%  of  this  patient  population.   Clinical  data  on  these  pa- 
tients is  being  analyzed  so  that  factors  influencing  the  risk  of  calculi  recurrence 
in  treated  patients  may  be  prospectively  identified. 

In  the  Chicago  Progam,  as  well  as  in  the  program  at  the  University  of  Florida, 
Gainesville  Campus,  efforts  are  underway  to  clarify  the  physicochemical  features 
of  calcium  oxalate  precipitation  and  aggregation  in  order  to  increase  the  under- 
standing of  urinary  factors  affecting  stone  formation.   Studies  to  quantify  uri- 
nary crystallization  activity  (conversion  of  stone  solutes  from  solution  to 
solid  phase  in  the  urinary  tract)  in  relation  to  urolithiasis  are  ongoing.   These   j 
studies  compleaent  the  assessment  of  patient  risk  of  calculogenesis  since  urinary 
super  saturation  and/or  crystalluria  are  found  commonly  in  stone-formers  and  in 
normal  humans.   The  critical  inducing  factors  necessary  to  convert  a  normal  human 
to  a  stone-former  are  being  sought.   A  useful  animal  model  utilizing  a  catheterized 
rat  bladder  which  operates  as  an  urothelial-lined  living  test  tube  has  been 
developed . 

Efforts  to  characterize  the  effect  of  macro  and  of  micromolecules  upon  the 
solubility  of  inhibitors  and  promoters  of  crystalization  are  continuing  as  well 
as  those  to  isolate  and  to  characterize  inhibitors  of  crystal  growth  in  the  urinary 
tract  i.e.,  citrate,  magnesium,  pyrophosphate  and  several  others  in  different 
combinations  are  underway. 

Further  elucidation  of  all  processes  involved  in  the  biological  path  of  urinary 
stone  formation  is  needed  as  well  as  techniques  by  which  this  pathway  may  be 
altered.   Until  prevention  of  urolithiasis  is  possible,  the  most  appropriate 
therapeutic  management  needs  to  be  refined  and/or  developed. 


*Hypercalciuria :  higher  than  normal  urinary  calcium  excretion. 
**  Hyperuricosuria:  increased  urinanry  uric  acid  excretion. 
// :  Normocalciuria:  normal  urinary  calcium  excretion. 
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CHRONIC  RENAL  DISEASE  PROGRAM 
Introduction 


The  Chronic  Renal  Disease  Program  supports  research  in  maintenance  therapies  for 
end  stage  kidney  disease,  including  hemodialysis,  peritoneal  dialysis  and  corapli- 
catLons  of  these  therapies.   The  program  also  funds  research  in  renal  transplan- 
tation and  organ  preservations.   Studies  concerning  the  pathophysiology  of 
chronic  renal  disease  including  systemic  abnormalities  such  as  bone  diseases  and 
cardiovascular  dysfunctions  also  constitute  a  significant  segment  of  the  program. 
Following  the  brief  discussion  of  developments  in  kidney  transplantation  and 
artificial  kidneys,  a  selection  of  research  highlights  from  the  recent  accomplish- 
ments of  grantees  are  described. 

Developments  in  Kidney  Transplantation  and  Artificial  Kidneys 

The  main  technique  used  in  treatment  of  chronic  renal  failure  for  more  than  twenty 
years  has  been  maintenance  dialysis  (primarily  hemodialysis,  and  also  peritoneal 
dialysis).   In  1980  dialysis  was  provided  for  about  49,000  patients  under  the 
Medicare  End-Stage  Renal  Disease  (ESRD)  Program  while  4700  transplants  were 
performed. 

The  NIADDK  Is  one  of  the  several  institutes  of  the  National  Institutes  of  Health 
which  supports  research  on  transplantation.   The  NIADDK  sponsors  studies  of  organ 
preservation,  techniques  of  surgery,  immunosuppressive  therapy,  complications  of 
renal  transplantation,  and  transplant  immunology.   Transplantation  is  an  effective 
means  for  treatment  of  patients  with  ESRD  when  well-matched  related  donor  kidneys 
are  available,  but  when  only  cadaver  kidneys  are  obtained  it  is  less  effective. 
The  requirement  for  long-term  Immunosuppressive  therapy  because  of  the  potential 
for  renal  graft  rejection  and  the  high  incidence  of  graft  failure  has  resulted 
in  less  consistent  results  than  those  achieved  by  ESRD  treatment  with  dialysis. 
Overcoming  the  problem  of  rejection  of  grafted  kidneys  continues  to  be  one  of  the 
most  serious  obstacles  to  a  predictably  favorable  outcome  with  renal  transplan- 
tation,although  there  has  been  some  progress  in  this  area  in  recent  years.   In 
general,  patients  who  receive  well-matched  organs  from  closely  related  donors 
have  the  best  chance  of  success  among  recipients  of  renal  transplants  and  of  a 
consequent  return  to  a  more  normal  existence. 

Many  complications  arise  during  the  course  of  treatment  of  patients  by  maintenance 
dialysis.   Chronic  renal  failure  and  Its  accompanying  "uremia"  is  a  multi-organ 
system  disorder.   Problems  arise  secondary  to  dialysis  treatment  and,  also  regard- 
less of  treatment,  In  relation  to  the  uremic  state.   Examples  of  these  complica- 
tions include:   neuropathy,  primarily  impaired  sensation  and/or  Impaired  muscle 
strength  in  limbs;  renal  osteodystrophy;  increased  susceptibility  to  infection, 
central  nervous  system  symptoms,  cardiovascular  complications,  anemia,  and  sexual 
dysfunction.   In  addition,  the  well-being  of  patients  on  hemodialysis  is  impaired 
by  occasional  muscle  cramps,  hypotension  and  post-dialysis  fatigue,  especially 
when  large  amounts  of  fluids  have  been  removed  during  dialysis  treatments,  which 
usually  are  given  three  times  each  week.   The  mortality  rate  among  maintenance 
dialysis  patients  is  about  nine  percent  a  year.   This  figure  must  be  viewed  In 
contrast  with  certain  100  percent  mortality  for  patients  with  non-functional 
kidneys  if  dialysis  or  transplantation  were  not  available  for  treatment. 


1183 


Improved  Organ  Preservation  i 

Investigators  at  the  Deseret  Foundation,  Salt  Lake  City,  Utah  have  found  that  sub- 
stitution of  heavy  water,  D„0,  for  normal  water  offers  a  means  of  slowing  down 
catabollc  cellular  destruction  during  organ  preservation.   Dr.  Harrison  Lazarus 
and  his  associates  have  been  studying  the  effects  of  organ  storage  on  renal  RN'A 
metabolism.   Dr.  Lazarus  has  found  tiiat  after  48  hours  of  cold  storage  In  D^O, 
the  free  polymerase  remaining  compared  to  control  was  117%  for  storage  In  DXO 
compared  to  12%  in  normal  water.   For  bound  RNA  polymerase,  the  values  were  122% 
for  heavy  water  compared  to  100%  for  normal  water.   For  one  hour  of  warm  Ischemia, 
the  free  polymerase  with  heavy  water  was  92%  of  control  compared  to  53%  with 
normal  water.   The  corresponding  background  values  were  85%  for  heavy  water 
compared  to  52%  for  normal  water.   These  investigators  also  found  that  substitu- 
tion of  heavy  water  for  normal  water  made  saline  solution  as  effective  as  "Sacks" 
solution  for  preservation  of  chromatin  function  after  one  hour  at  37  C.   Dr.  Lazarus 
has  begun  the  study  of  the  substitution  of  heavy  water  for  normal  water  in  kidneys 
preserved  for  18  hours  in  saline  at  0  C  before  transplantation.   Preliminary  data 
shows  that  there  Is  a  doubling  of  the  amount  of  ATP  and  total  adenine  nucleotides 
in  the  kidney  with  heavy  water,  24  hours  after  transplantation  has  been  performed. 
Of  20  transplants  performed  after  heavy  water-saline,  14  kidneys  were  functioning 
whereas,  of  20  performed  after  normal  water-saline,  7  kidneys  were  working.   Dr. 
Lazarus  plans  further  investigation  of  the  possible  Lmprovements  offered  by  the 
substitution  of  heavy  water  for  practical  kidney  preservation. 

H.M.  Lazarus,  et  al ,  Summary  Progress  Report  on  Grant  AM  28139-02,  "Effects  of 
Organ  Storage  on  Renal  RN'A  Metabolism,"  dated  February  13,  1981. 

The  Influence  of  Cytomegalovirus  as  a  Risk  Factor  In  Renal  Transplantation 

Investigators  at  the  University  of  Minnesota  have  completed  a  three  year  prospec- 
tive study  of  factors  associated  with  cytomegalovirus  (CMV)  disease  and  its 
influence  on  the  outcome  of  kidney  transplantation.   Drs.  John  Najarian,  David 
Fryd ,  and  associates  studied  206  patients,  of  whom  29%  developed  overt  QIV 
disease,  and  90%  of  them  contracted  CMV  within  the  first  three  months,  post- 
transplant.   The  effect  of  the  development  of  overt  CMV  disease  on  graft  and 
patient  survival  Is  highly  significant.   The  first  year  graft  function  rates  of 
those  who  did  not  develop  overt  CMV  disease  was  79%  while  1  year  graft  function 
of  those  who  had  clinical  CMV  Illness  was  only  53%.   Corresponding  one  year 
patient  survival  rates  are  92%  and  76%.   It  Is  apparent  that  CMV  disease  markedly 
Influences  outcome  for  renal  transplant  patients.   A  number  of  risk  factors  were 
evaluated  by  Dr.  Najarian  and  his  associates.   These  Included:  sex,  presence  of 
diabetes,  donor  type,  age,  and  donor  and  recipient  CMV  complement-flxlng-t Iters. 
The  latter  is  a  measure  of  the  prior  presence  of  the  disease  in  an  Individual. 
Those  factors  which  were  not  significant  In  development  of  CMV  Illness  were:  sex, 
presence  of  diabetes,  age,  and  the  recipients  antibody  titer.   Factors  which  were 
of  significance  were  the  origin  of  the  kidney,  and  the  antibody  titer  of  the  donor. 
Patients  receiving  kidneys  from  siblings  or  from  a  child  had  a  lower  probability 
of  developing  CMV  Illness  than  those  who  received  kidneys  from  a  parent  or  a 
cadaveric  donor.   The  most  Important  factor  In  development  of  CMV  disease  and 
the  severity  of  the  resulting  disease  was  the  antibody  titer  of  the  donor.   The 
investigators  note  that  the  Incidence  of  overt  disease  could  be  reduced  markedly    , 
by  transplanting  kidneys  only  from  CMV  negative  donors.   Unfortunately,  approxl-    \ 
mately  one  half   the  kidneys  available  for  transplantation  In  the  two  year  study 
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were  obtained  from  donors  with  positive  titers.   Rather  than  excluding  positive 
donor  kidneys  from  transplantation,  the  authors  conclude  that  when  a  cadaveric 
positive  kidney  is  available,  it  should  be  transplanted  into  an  antibody  positive 
recipient  from  the  waiting  list.   Other  operating  policies  for  the  practical 

management  of  a  kidney  transplantation  program  with  respect  to  control  of  CMV 
disease  were  derived  by  the  investigators. 

David  S.  Fryd,  et  al.   "Cytomegalovirus  as  a  Risk  Factor  in  Renal  Transplantation," 
Transplantation,  30:436-39,  1980. 

Improved  Kidney  Preservation  Through  Buffer  Control 

Investigators  at  the  University  of  California,  San  Diego,  have  studied  the  effects 
of  adjustments  of  relative  acidity  of  the  perfusing  solution  upon  kidney  graft 
survival.   Dr.  Nicholas  A.  Halasz  and  his  colleagues  have  noted  that  as  an  aqueous 
medium  is  cooled  from  3  7   to  7   C,  the   pH  has  to  be  raised  from  the  essential- 
ly biological  neutral  pH  of  7.4  up  to  a  pH  of  7.9  in  order  to  maintain  the  same 
hydrogen  ion  concentration.   These  investigators  conducted  a  set  of  experiments 
using  dog  and  rabbit  kidneys  to  determine  the  effect  of  various  hydrogen  ion 
concentrations  upon  survival  of  the  animal  kidney.   Dog  kidneys  were  perfused  for 
a  72  hour  period  and  then  reimplanted  into  the  original  donor.   Rabbit  kidneys 
were  perfused  for  24  hours  prior  to  testing  by  an  artiflcal  preparation.   Dr. 
Halasz' s  experimental  results  demonstrate  that  there  is  a  plateau  in  pH  between 
approximately  7.45  and  7.75  at  which  the  best  outcomes  are  reached.   At  either  end 
of  this  range,  further  deterioration  of  the  animal  kidney  occured.   Conventional 
practice  in  preserving  human  kidneys  for  renal  transplantation  is  to  utilize  a  pH 
of  7.4.   Results  of  the  studies  conducted  by  Dr.  Halasz  demonstrate  that  this  pH 
is  dangerously  close  to  one  at  which  the  preserved  kidney  would  be  exposed  to  too 
great  an  acidic  environment.   The  recommendation  of  the  San  Diego  investigators 
is  that  kidneys  should  be  perfused  at  a  higher  pH  than  is  common  practice,  namely 
at  pH  7.6  -  7.65. 

John  N.  Carter,  et  al ,  "Studies  of  the  Ideal  Hydrogen  Ion  Concentration  for 
Perfusional  Preservation,"  Transplantation,  30:409-10,  1980. 

Structure  of  a  Middle  Molecule  Uremic  Toxin  Determined 

Drs.  Jonas  Bergstrom,  Horst  Jornvall  and  co-workers  at  Karolinska  Institute, 
Stockholm,  have  determined  the  chemical  structure  of  an  abnormal  metabolite 
which  accumulates  in  body  fluids  of  patients  with  uremia.   This  compound  is  a 
representative  of  the  "middle  molecule"  group  of  toxic  materials,  which  have 
been  of  strong  interest  to  clinical  nephrologists  dealing  with  maintenance 
dialysis  since  the  early  1970s.   The  material  whose  structure  has  been  determined 
is  the  primary  compound  in  a  middle  molecule  fraction,  referred  to  as  a  peak  7C 
in  earlier  publications  of  this  investigator.   The  presence  of  this  peak  has  been 
shown  to  correlate  with  a  number  of  adverse  symptoms  in  patients  with  marked 
uremia.   The  compound  in  question  has  been  isolated  by  an  elaborate  separation 
procedure.   Structural  studies  show  that  the  material  contains  3  functional 
groups:  an  acidic  moiety  sensitive  to  removal  by  acid  hydrolysis;  glycine  in  an 
oligopeptide  linkage;  and  a  remaining  intermediate-sized  acyl  group.   Identifi- 
cation of  various  other  higher  molecular  weight  abnormal  metabolites  characteris- 
tic of  uremia  may  permit  the  development  of  more  rational  maintenance  therapies 
for  these  patients.   Availability  of  information  on  the  structures  may  assist 
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Investigators  In  delineating  the  causes  of  production  of  abnormal  metabolites  by 
uremic  patients.   The  present  work  Is  a  significant  step  in  achieving  a  better 
understanding  for  the  management  of  uremic  patients. 

L.  Zimmerman,  P.  Fllrst,  J.  BergstrHm,  and  H.  Jornvall,  "A  New  Gylcine 
Containing  Compound  with  a  Blocked  Amino  Group  from  Uremic  Body  Fluids," 
Clinical  Nephrology,  14,  10  7-111,  1980. 

Racial  Differences  in  Lipoproteins  and  Accelerated  Atherosclerosis  in  Hemodialysis 
Patients 

In  studies  of  mortality.  Dr.  Andrew  Goldberg  and  his  colleagues  at  Washington 
University  School  of  Medicine  at  St.  Louis  have  observed  that  mortality  due  to 
atherosclerotic  heart  diseases  (ASHD)  Is  25%  among  white  patients  compared  to  8% 
in  their  black  patients.   Because  hypertension  Is  more  prevalent  In  black 
patients,  the  above  observation  about  ASHD  Is  of  special  note.   Measurements  of 
triglycerides,  cholesterol,  HDL  cholesterol,  and  apoproteins  were  made.   The  data 
showed  that  white  patients  have  high  triglycerides;  and  reduced  high  density 
lipoprotein  cholesterols,  and  apoprotein  concentrations.   Abnormalities  In 
"atherogenic"  lipoprotein  occurred  more  frequently  In  Caucasian  dialysis  patients 
than  in  black  dialysis  patients.   These  abnormalities  may  be  related  causally  to 
the  higher  mortality  from  atherosclerotic  heart  disease  of  white  population. 

Andrew  Goldberg,  et  al ,  "Racial  Differences  in  Lipoprptelns  and  Accelerated 
Atherosclerosis  In  Hemodialysis  Patients,"  abstract  In  Clinical  Research,  Volume 
29,  Number  2,  page  464A,  1981. 

Circulating  Immune  Complexes  In  Renal  Allograft  Reactions 

Drs.  Stanley  Jordan,  Richard  Fine  and  associates  University  of  Southern  California 
have  studied  the  relationship  of  high  levels  of  detectible  circulating  Immune 
complexes  and  acute  rejection  episodes  of  renal  allografts  In  pediatric  patients. 
These  Investigators  studied  2  7  pediatric  renal  allograft  recipients  over  a  5  month 
observation  period.   During  this  period,  recipients  had  a  mean  of  4.5  acute  re- 
jection episodes.   In  19  recipients  who  were  negative  for  circulating  Immune 
complexes,  biopsy  of  the  allograft  was  performed  In  7  Individuals  and  the  patho- 
logic Interpretation  was  consistent  with  acute  rejection  in  all  7.   For  patients 
who  were  positive  with  respect  to  tests  for  circulating  immune  complexes,  biopsy 
material  was  available  for  3  and  studies  showed  no  correlation  with  levels  of 
circulating  Immune  complexes.   These  results  show  no  significant  relationship 
between  the  development  of  circulating  Immune  complexes  and  acute  rejection.   In 
his  study,  only  2  recipients  showed  a  correlation  of  circulating  Immune  complexes 
with  acute  rejection.   No  significant  correlation  could  be  established  between 
circulating  Immune  complex  generation  and  allograft  outcome. 

S.  C.  Jordan,  et  al,  "Circulating  Immune  Complexes  In  Pediatric  Renal  Allograft 
Rejection,"  Transplantation  Volume  31,  Number  3,  1981,  Pages  190-194. 

Effect  of  Chronic  Renal  Failure  on  Metabolism  of  Intact  Parathyroid 
Hormone 

The  plasma  disappearance  rate  of  Intact  parathryold  hormone  (PTH) ,  and  the  effect 
of  chronic  reanl  failure  on  Its  disappearance  rate  In  the  dog  were  studied  by 
investigators  at  Washington  University,  St.  Louis.   PTH  Is  a  critical  element  In 
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the  control  of  mineral  metabolism,  and  ultimately  in  potential  development  of  bone 
disease  in  renal  failure  patients.   Dr ,  Hruska  and  his  associates  found  that  the 
liver  and  kidney  are  responsible  for  all  but  a  small  fraction  of  the  metabolic 
degradation  of  intact  parathyroid  hormone.   The  clearance  rate  in  normal  dogs  was 
found  to  be  very  rapid  and  occurred  primarily  in  the  liver  (61%)  and  the  kidney 
(31%).   The  study  demonstrated  that  renal  uptake  was  significantly  greater  than 
the  fraction  of  hormone  being  filtered  by  the  kidney.   This  data  indicates  that 
PTH  was  being  acted  upon  at  sites  independent  of  glomerular  filtration.   In  the 
chronic  renal  failure  dog  model,  Dr.  Hruska  found  that  the  metabolic  clearance 
rate  of  PTti  was  reduced  to  approximately  one-half  the  value  of  that  in  the 
normal  animal.   Both  the  hepatic  and  renal  clearance  rates  were  reduced.   The 
liver  was  found  to  be  the  major  extrarenal  site  of  PTH  metabolism  affected  by 
chronic  renal  failure.   Hepatic  clearance  was  reduced  by  approximately  38%  in 
the  chronic  renal  failure  model. 

K.  A.  Hruska,  et  al,  "Peripheral  Metabolism  of  Intact  Parathyroid  Hormone", 
Journal  of  Clinical  Investigation,  Volume  67,  March,  1981,  pages  885-892. 
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OFFICE  OF  PROGRAM  PLANNING  AND  EVALUATION 

The  Office  of  Program  Planning  and  Evaluation  (OPPE)  has  the  responsibility  for 
the  planning,  evaluation  and  analysis  of  the  Institute's  policies,  program  and 
research  accomplishments.  OPPE  serves  as  the  focal  point  for  preparation  of 
Congressional  testimony  and  analysis  of  legislative  matters.  The  Office  provides 
advice  to  the  Institute  Director  and  his  immediate  staff  concerning  the  implica- 
tions of  pending  health  legislation  and  of  scientific  and  policy-relevant  reports. 

Planning 

The  OPPE  guides  the  Institute  in  a  continual  cycle  of  planning  activities.  Each 
year,  the  Office  distributes  guidance  for  the  fall  intra-Insti tute  Director's 
review,  this  guidance  was  revised  completely  for  Fiscal  Year  1981.   In  response 
to  this  guidance,  the  staff  of  the  four  extramural  program  clusters  and  the  Office 
of  the  Associate  Director  for  Extramural  Affairs  each  develops  a  program  plan  with 
a  summary  of  program  accomplishments  and  research  advances,  research  opportunities, 
updated  research  initiatives,  and  multi-year  budget  projections  for  research  and 
training.  These  plans  are  reviewed  by  the  Director  and  other  Institute  officials 
and  then  discussed  in  a  series  of  program  reviews,  usually  held  in  November  and 
December.  These  reviews  help  prepare  the  Director  for  testifying  before  the 
Congressional  Appropriations  Committees  and  for  discussing  Institute  plans  with 
the  Director,  NIH.  The  Office  helps  program  staff  to  prepare  these  oral  and 
written  presentations. 

Based  upon  these  documents,  OPPE  writes  the  Institute's  annual  Research  Plan.  The 
Office  also  develops  briefing  materials  for  use  by  Institute  management  during  the 
NIH  Director's  annual  review  of  NIADDK  programs  and  budget.  This  year,  OPPE  staff 
were  responsible  for  preparing  contributions  to  a  wide  variety  of  NIH  and  depart- 
mental reports  and  plans. 

Three  planning  activities  were  new  to  the  Office  in  FY  1981.  For  the  first  time, 
the  Institute  was  asked  to  make  a  presentation  to  the  Director,  NIH,  on  an  issue 
of  long  range  planning.  The  Institute  chose  to  discuss  the  plans  and  initiatives 
of  its  Diabetes  Program.  The  Office  was  instrumental  in  preparing  for  this 
presentation. 

Following  passage  of  P.L.  96-538,  the  Health  Programs  Extension  Act  of  1980,  OPPE 
staff  assisted  in  developing  a  plan  for  implementing  this  legislation.  This  Act 
renamed  the  Institute,  extended  numerous  Institute  prograiDs,  authorized  establish- 
ment of  three  Boards--in  arthritis,  diabetes,  and  digestive  diseases--( the  first 
two  are  being  reestablished,  the  latter  is  new),  mandated  organizational  posi- 
tions and  entities  already  established  administratively,  and  instituted  new 
reporting  requirements.  As  one  example,  the  law  requires  the  Director,  NIADDK, 
to  submit  an  annual  report  to  Congress  and  the  President  on  or  before  November  30 
describing  the  Institute's  activities  in  arthritis,  diabetes,  and  digestive 
diseases. 

Before  this  report  was  mandated,  the  Office  had  initiated  a  project  to  publish  an 
annual  report  of  the  Director  including  the  Institute's  program  on  kidney  diseases, 
as  well  as  all  other  programs  designated  in  the  Act.  The  Fiscal  Year  1981 
Director's  Report  will  be  the  first  report  of  this  kind.  This  report  will 
summarize  the  accomplishments  of  the  Institute  over  the  30  plus  years  of  its 

11S3 


I 


existence  and  will  outline  the  program  activities  and  plans  of  NIADDK. 

Program  Analysis 

OPPE  staff  continually  receive  and  respond  to  many  program  analysis  requests.  A 
response  to  these  requests  typically  require  a  review  of  the  entire  Institute's 
research  programs  in  order  to  determine  Institute  involvement  in  the  subject  area 
or  disease  in  question.  Responses  generally  include  explanatory  narrative  material, 
itemized  listing  of  funds  expended  and/or  projected,  and  a  listing  of  grants  and 
intramural  projects  being  conducted  relevant  to  the  subject  of  the  request.  The 
following  are  examples  of  program  analyses  performed  by  OPPE  staff  during  fiscal 
year  1981 : 

0  Population  Research 

0  Alcohol  and  Drug  Abuse  Research 

0  Technology  Assessment  and  Transfer 

0  Identification  of  Emerging  Health  Technologies 

0  Immunosuppressive  Techniques  in  Renal  Transplantation 

0  Analysis  of  the  Portfolio  on  Trauma  and  Burn  Support 

0  Synthesis  of  Hormones  and  Related  Polypeptides  for 

Pharmacotherapy 

0  Use  of  live  animals  in  research  and  testing 

In  addition,  OPPE  staff  supply  substantial  analytical  input  into  a  number  of 
documents,  including  the  following: 

0  NIH  Annual  Report  on  International  Activities 

0  Primary  Prevention 

0  International  Nutrition  Research  and  Training  Activities 

0  Interagency  Surveys  of  Government  Exchange  Programs 

Reports 

OPPE  is  the  central  point  for  the  preparation  of  various  ad  hoc  reports  and  the 
review,  clearance, . and  official  transmittal  of  other  reports  to  the  Secretary  and/ 
or  the  Congress.  A  number  of  reports  were  prepared  during  fiscal  year  1981  con- 
cerning medical  advances  of  the  Institute  in  the  last  decade;  Institute  involvement 
in  research  on  aging,  Reye's  Syndrome,  nutrition,  alcoholism  and  drug  abuse,  intra- 
mural projects  related  to  diabetes;  and  on  various  other  specifically  requested 
subject  matter. 

Reports  were  prepared  for  the  House  Committee  on  Appropriations  for  Labor  and 
Health  and  Human  Services  regarding  the  report  "Research  Needs  and  Priorities 
in  Dermatology"  and  on  the  status  of  implementation  of  the  recommendations 
of  the  National  Diabetes  Commission.  The  Fourth  Annual  Report  on  Evaluation 
of  Multipurpose  Arthritis  Centers  was  submitted  to  Congress  in  January  1981. 

The  OPPE,  in  conjunction  with  a  contractor,  is  currently  preparing  the  first 
Annual  Report  of  the  NIADDK  Director.  This  report  will  contain  retrospective, 
current,  and  prospective  data  on  programmatic  activities  and  resources,  and  thus, 
will  serve  as  a  highly  useful  compendium  of  information  for  Institute  staff,  the 
biomedical  research  community,  voluntary  health  organizations,  the  Congress,  and 
other  individuals  and  groups  having  a  particular  interest  in  NIADDK. 
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Evaluation 

The  OPPE  prepares  the  Institute's  Annual  Evaluation  Plan  which  consists  of 
background  information;  evaluation  strategy  of  the  Institute;  and  a  description 
of  new  proposed  evaluation  projects,  ongoing  projects  and  recently  completed 
projects.  The  OPPE  collaborates  with  the  extramural  clusters  in  preparing  this 
plan,  providing  advice  on  criteria  for  evaluation  projects,  monitoring  ongoing 
projects  and  preparing  the  necessary  submissions  for  completed  projects. 

Evaluation  projects  recently  completed  include  an  "Evaluation  of  Research 
Alternatives  to  Minimize  SSA  Medicare  Costs  for  Dialysis  Treatments,  and 
an  "Evaluation  of  the  Hematology  Program  of  NIADDK  in  Relation  to  Identification 
of  Research  Needs. " 

The  Institute  is  initiating  several  new  evaluation  projects  during  fiscal  year 
1981.  These  projects  include  developing  methodology  for  the  evaluation  of  NIADDK 
Center  Grant  Programs;  the  evaluation  of  the  Urolithiasis  Centers,  the  non-research 
activities  of  the  multipurpose  arthritis  centers,  and  the  Musculoskeletal  Diseases 

Program. 

Impact  Statements  were  submitted  on  five  evaluation  projects  that  have  been  com- 
pleted in  the  past  four  years.  These  statements  include  a  description  of  the 
program  involved,  the  study  design,  recommendations  resulting  from  the  study, 
organization  response  to  the  recommendations,  the  actual  changes  adopted  and  the 
implementation  process  for  those  changes,  and  the  effects  of  any  programmatic 
changes.  The  Impact  Statements  will  be  utilized  by  the  Department  for  inclusion 
in  a  report  on  the  utilization  of  evaluation  project  results. 

Legislation 

Title  II  of  the  Health  Programs  Extension  Act  of  1980  (P.L.  96-538)  redesignated 
NIAMDD  as  the  National  Institute  of  Arthritis,  Diabetes,  and  Digestive  and  Kidney 
Diseases  and  the  title  of  its  Advisory  Council  was  changed  accordingly.  The 
position  of  Associate  Director  for  Kidney,  Urologic,  and  Hematologic  Diseases  was 
established  while  the  authority  for  the  three  other  Associate  Directorships  was 
continued.  Statutory  NIH-wide  efforts  were  established  for  each  Associate  Director 
with  respect  to  the  diseases  within  their  purview.   In  addition,  the  bill  stipu- 
lated changes  in  reporting  requirements.  Advisory  Council  functions,  and  numerous 
amendments  affecting  the  organization  and  operations  of  the  Institute. 

OPPE  staff  performed  detailed  analyses  of  pending  legislation  pertinent  to  the 
Institute;  attended  Congressional  hearings;  prepared  legislative  briefing 
materials  for  use  by  Institute  management;  coordinated  the  preparation  of  answers 
to  senate  and  house  hearings  questions;  developed  NIADDK  legislative  proposals; 
and  prepared  a  number  of  bill  reports  outlining  the  Institute's  position  with 
respect  to  legislation  relevant  to  NIADDK. 

Medical  Applications  of  Research 

As  NIADDK's  point  of  official  liaison  with  the  NIH  Office  of  Medical  Applications 
of  Research  (OMAR),  the  OPPE  is  responsible  for  recommending  appropriate  areas 
for  consensus  development  conferences;  reporting  on  emerging  technologies  identi- 
fied by  scientific  staff  as  having  the  potential  for  impacting  on  medical  practice; 
and  representing  the  Institute  at  OMAR  advisory  committee  meetings  and  conferences. 
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During  fiscal  year  1981,  OPPE  staff  also  responded  to  frequent  requests  from  OMAR 
to  review  the  state-of-the-science  with  respect  to  various  drugs,  devices,  and 
techniques  whose  eligibility  for  coverage  through  Medicare  was  under  active  con- 
sideration by  the  Health  Care  Finance  Administration,  Medicare  coverage  issues 
addressed  by  OPPE  included  the  following: 

0  Anti -Lymphocytic  Globulin  and  Anti -Thymic  Globulin  as  an 

Immunosuppresive  Technique  in  Renal  Transplantation 
0  Carbon  Dioxide  Laser  Surgery 
0  Various  Tests  and  Procedures  for  Arthritis 
0  Hyperbaric  Oxygen  Therapy  for  Treatment  of  Chronic 

Refractory  Osteomyelitis  and  Arthritis 
0  Plasmapheresis  in  the  Treatment  of  Rheumatoid  Arthritis 
0  Electromagnetic  Treatment  of  Bone  Fractures 
0  Rehfuss  Test/Orthomolecular  Medication  and  Megavitamin 

Therapy/Intragastric  Hypothermia  Using  Gastric  Freezing 
0  Blood  Seromucoid  Test 
0  Treatment  of  Obesity 
0  Photodensitometry,  Bone  Histology,  and  Absorptometric 

Procedures  for  Bone  Mineral  Analysis 
0  Home  Penile  Tumescense  Monitoring 

0  Blood  Glucose  Analyzers  for  Use  in  the  Patient's  Home 
0  Breath  Hydrogen  Lactose  Tolerance  Test  for  Diagnosing 

Lactose  Intolerance 
0  Lactulose  Breath  Hydrogen  Test 
0  13pQ  Breath  Test  Diagnosing  Fat  Maldigestion  and  Malabsorption 

0  Glucose  Controlled  Insulin  Infusion  System 
0  Shortwave  Diathermy 

Review 

Throughout  the  year,  OPPE  staff  have  supplied  critical  comments  on  a  variety  of 
documents  referred  to  the  Institute  for  review.  These  included: 

0  GAO  Draft  Report:  Research  Planning  and  Evaluation  at  the 

NIH  and  Aspects  of  Advisory  Council  Operations 
0  FY  80  International  Nutrition  Research  and/or  Training  Activities 
0  Thirty-fourth  World  Health  Assembly-Agenda  Comments 
0  Review  of  NCHCT  Recommendations  to  Medicare  on  Reimbursement  of 

Plasmapheresis  in  the  Treatment  of  Rheumatoid  Arthritis 
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ANNUAL  REPORT  SUMMARY 
Epidemiology  and  Field  Studies  Branch 

The  research  activities  of  the  Branch  include  epideniologic  studies  of  diabetes, 
digestive  diseases,  arthritis  and  o-iher  inetabol  ic  diseases.   In  addition,  the 
Branch  continues  to  provide  epidemi oloyical  and  biostatistical  support  to  other 
components  of  the  Intramural  and  Extramural  programs  of  the  Institute.  The 
major  focus  of  the  Branch  continue  to  be  the  investigation  of  the  distribution 
and  pathogenesis  of  diabetes  and  obesity  prevailing  in  the  inhabitants  of  the 
Gila  River  Indian  Reservation. 

For  the  past  year  Dr.  Peter  Bennett  has  been  on  assignment  with  the  South 
Pacific  Commission  in  New  Caledonia  conducting  epidemiologic  studies  of  diseases 
endemic  to  that  area  of  the  South  Pacific. 


Southwestern  Field  Studies  Section 

The  Southwestern  Field  Studies  Section  has  continued  to   investigate  the  determi- 
nants of  diabetes   and   its  complications   primarily   from  the   ongoing  prospective 
study  of  the  natural   history  of  diabetes  in  the  Pima   Indian  population.     Investi- 
gation of  genetic  determinants  of  diabetes   in  the  Pima   Indian  population  has 
recently  concentrated   on  the   relationship  of  diabetes  to  HLA  anti;,:ens.      The 
obse-vation  of  an   association  between  HLA-A2  and  diabetes   in  elderly  Pi^as  has 
been  extended  with  the  typing  of  younger  subjects.     The  association  was  found   in 
all    age  groups   studied.     HLA-A2  phenotype  frequencies  were   inversely  associated 
with  age   in  the  diabetic   subjects,    suggesting  that  HLA-A2  is   in   linkage  disequ- 
ilibrium with  a  diabetes   -   susceptibility  gene  which  contributes  to  an  earlier 
age  of  onset  of  diabetes. 

Studies   of   the  causes   and  development   of  diabetes   have  continued   in  collaboration 
with   the  Phoenix  Clinical    Research  Section.     Diabetes   in  the  Pimas   is  Type   II, 
in  that   it   is  not   insulin  dependent,   not   associated  with   islet-cell    antibodies 
or  HLA  antigens   typical    of  Type   I   diabetes,    and   Pima  diabetics   retain  basal 
insulin  secretion  and   secrete   insulin  after  intravenous  arginine  stimulation. 
Because  of  their  genetic   isolation,   there  is   a  greater  chance  that  a   single 
genetic  mechanism  is   involved   in  diabetes   in  the  Pimas.      Obesity   is  extremely 
common,   with  92%  of  Pima  men  and   94%   of  the  women  20-24  years   old  exceeding  the 
U.S.   medians   of  body  mass   index   (BMI)    for  their  age.   Obesity  and  parental 
diabetes   have  a  marked  effect   on  diabetes   incidence,   and  they   interact   strongly. 
Obese  Pimas  with  diabetic  parents   have  the  highest  diabetes   incidence.     Pimas 
are   resistant   to   insulin-mediated   glucose  disposal.     However,   even  diabetic 
Pimas  with  marked  fasting  hyperglycemia  are  very   sensitive  to  the  anti 1 i polytic 
action  of   insulin.     These  differences   in   insulin  sensitivity  may   facilitate 
the  development   of  obesity,   and  may  have  allowed  the  Pimas  and  other  similar 
populations   to  survive  famines.     When  food  supplies   of  such  people  become 
abundant   and  constant,   the  development   of   sustained   obesity  may   lead  to 
impaired  glucose  tolerance,   hypersection  of  insulin,   eventual    beta  cell 
failure,   and  diabetes.     Thus   Neel's   "thrifty  genotype"  may  be  mediated 
through   selective   insulin  resistance. 
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In  collaboration  with  the  Indian  Health  Service  Hospital,  Keams  Canyon  Arizona, 
studies  of  the  natural  history  of  microvascular  complications  of  diabetes  were 
extended.  Navajo  and  Hopi  Indian  patients  with  diabetes  mellitus  were  examined 
for  retinopathy  and  proteinuria  using  methods  similar  to  those  of  the  study  of 
Pima  in  the  Gila  River  Indian  Community.  Diabetes  duration-specific  prevalence 
rates  of  retinopathy  and  proteinuria  were  very  similar  in  Hopis,  Navajos,  and 
Pimas,  although  all  three  tribes  are  culturally  and  linguistically  distinct. 
These  findings  emphasize  the  universal  natural  of  microvascular  complications  of 
diabetes.  Diabetic  retinopathy  is  strongly  dependent  on  the  duration  of  diabetes 
but  appears  not  to  depend  on  racial  or  geographic  characteristics. 

Data  from  the  prospective  study  of  glucose  tolerance  and  its  relationship  to 
pregnancy  outcome  in  the  Gila  River  Indian  population  has  resulted  in  quantifi- 
cation of  the  risks  associated  with  various  degrees  of  glucose  intolerance  to 
pregnancy  outcome.  The  effects  of  maternal  diabetes  on  the  development  of 
obesity  in  5-14  year  old  offspring  of  Pima  Indian  women  were  investigated. 
Offspring  of  mothers  who  were  diabetic  during  pregnancy  were  more  obese  than 
offspring  of  mothers  who  were  either  nondiabetic  (through  out  all  followup)  or 
prediabetic  (i.e.  first  became  diabetic  after  the  delivery).  This  suggests  that 
the  maternal  environment  during  gestation  has  a  subsequent  effect  on  obesity  in 
the  offspring.  Obesity,  itself  a  strong  risk  factor  for  diabetes,  is  more 
frequent,  more  severe  and  develops  earlier  in  the  offspring  from  diabetic  than 
from  prediabetic  or  nondiabetic  pregancies.  The  prenatal  environment  may  affect 
weight  not  only  at  birth,  but  later  in  childhood  and  in  the  teenage  years. 

Familial  aggregation  of  clinical  gallstone  disease  was  studied  in  an  attempt  to 
find  evidence  for  genetic  detenninants  for  this  common  disease  of  Pima  Indians. 
The  frequency  distribution  of  affected  siblings  in  families  was  very  close  to 
expectation  under  a  random  distribution  of  the  disease  in  the  population,  but 
was  incompatible  with  a  simple  dominant  or  recessive  mode  of  inheritance.  Thus 
if  clinically  detected  cholelithiasis  is  an  inherited  disease  in  the  Pimas,  most 
Pimas  may  have  the  necessary  gene(s),  with  the  major  factors  distinguishing 
Pimas  with  and  without  gal  Istones"  being  non-familial. 

The  Southwestern  Field  Studies  Section  has  continued  studies  in  the  etiology  of 
rheumatoid  arthritis.  In  patients  with  rheumatoid  arthritis  and  in  age-sex 
matched  controls,  titers  of  Epstein-Barr  virus  nuclear  antigens  (EBNA)  were  not 
related  to  the  disease.  The  titers  of  EBNA  in  the  Pima  sample  as  a  whole  were 
very  high,  suggesting  chornic  antigenic  stimulation.  The  findings  suggest  that 
Epstein-Barr  virus  infection  is  not  involved  in  the  pathogenesis  of  rheumatoid" 
arthritis  in  Pimas.  Rheumatoid  factor  was  examined  as  a  risk  factor  for  later 
development  of  rheumatoid  arthritis.  The  incidence  of  rheumatoid  arthritis 
increased  from  1.61  cases/1000  person-years  in  subjects  with  rheumatoid  factor 
titers  of  1:4  or  less  to  6.16  cases/1000  person-years  in  subjects  with  rheumatoid 
factors  of  at  least  1:64.  Thus,  although  the  causes  of  the  high  titers  of 
rheumatoid  factor  in  this  population  remain  unknown,  rheumatoid  factor  has  an 
important  predictive,  and  perhaps  causal,  role  in  the  disease  which  warrants 
further  investigation. 
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Project  Description: 

Objectives : 

1.  Determine  the  prevalence  and  Incidence  of  diabetes  mellltus  among 
those  five  years  of  age  and  over  on  the  Gila  River  Indian  Reservation. 

2.  Evaluate  factors  associated  with  the  progression  from  the  prediabetic 
state  to  subclinical  diabetes  mellltus  and  to  clinical  diabetes. 

3.  Study  risk  factors  associated  with  the  rate  of  appearance  and 
progression  of  vascular  complications. 

4.  Investigate  influence  of  tribe,  age,  obesity,  parity  and  other  factors 
on  changes  in  glucose  tolerance  and  their  relationship  to  diabetes 
mell Itus. 

5.  Determine  the  mode  of  inheritance  of  diabetes  in  the  Pima  Indians. 

Methods  Employed: 

1.  The  following  tests  and  examinations  are  repeated  at  two  yearly 
Intervals  on  all  Indians  five  years  of  age  or  more  living  on  the 
Sacaton  Service  Unit  portion  of  the  Gila  River  Indian  Reservation. 

a.  Clinical    interview 

b.  Physical    examination 

c.  Modified  glucose  tolerance  test  and  other  biochemical  tests 

In  addition,  on  those  aged  15  years  and  over: 

d.  Fundus  photographs 

e.  Electrocardiogram 

f.  Tests  for  vibratory  sensation  threshold 

g.  Soft  tissue  radiographs  for  vascular  calcification 

2.  Some  of  the  above  tests  and  examinations  are  also  being  done  on 
Indians  of  other  tribes  or  living  under  different  environmental 
conditions  and  on  non-Indian  subjects  for  comparison. 

3   Blood  typing  is  performed  on  all  subjects  for  red  cell  antigens, 

serum  proteins,  and  Gm  antigens.  These  typings  provide  an  extensive 
set  of  approximately  40  gene  markers  for  use  in  genetic  analysis. 
In  addition,  selected  individuals  are  HLA  typed. 

4.  Medical  records  (Inpatient  and  outpatient)  are  reviewed  at  each 
biennial  examination.  Diagnoses  of  diabetes,  cholelithiasis  or 
cholecystitis,  and  other  chronic  diseases  are  noted. 

Major  Findings: 

1   Ac;c;nciat1on  of  HLA-A2  Antigen  with  Diabetes.  HLA  antigens  have  been 
associated  with  type  I  diabetes  mellltus  in  many  populations,  but 
only  rarely  with  type  II  diabetes  mellltus.  We  determined  the  rela- 
tionship between  HLA  antigens  and  diabetes  (2  hr.  post  load  plasma 
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glucose  concentration  >_200  mg/dl  )  in  the  Pima  Indians  of  Arizona,  a 
population  with  a  \/ery   high  incidence  of  diabetes,  which  is  almost 
entirely  type  II  (non-insulin  dependent).  HLA  typing  was  done  by 
standard  microcytotoxicity  techniques.  HLA-A  locus  antigens  were 
determined  in  371  full-blooded  Pima  Indians,  none  of  whom  were  first 
degree  relatives.   Full-blooded  Pimas  have  a  limited  distribution  of 
HLA  antigens  and  little  evidence  of  admixture  from  other  populations. 
HLA-A2  was  found  in  81%  of  the  229  diabetics  and  68'^  of  the  142  non- 
diabetics  (relative  risk,  RR,=2.2,  p<.005).  The  association  of  HLA- 
A2  and  diabetes  remained  when  subjects  were  stratified  by  age  (adjust- 
ing for  age  in  3  groups,  summary  RR=2.2,  p<.005).   In  the  diabetics, 
but  not  in  the  entire  study  group,  homozygosity  for  HLA-A2  was  in- 
versely related  to  age,  with  50%,  33%,  and  29%  of  diabetic  subjects 
<35,  35-54,  and  >_55  years  old,  respectively,  being  homozygous  for 
HLA-A2  (p<.05  for  the  association  of  homozygosity  with  age).  The 
HLA-A2  phenotype  frequencies  were  95%,  82%,  and  79%  in  the  diabetics 
<35,  35-54,  and  >_55  years  old,  suggesting  that  HLA-A2  is  in  linkage 
disequilibrium  with  a  diabetes-susceptibility  gene  which,  in  a  dose- 
related  fashion,  contributes  to  an  earlier  age  of  onset  of  diabetes. 

Obesity,  Insulin  Resistance,  and  Diabetes  Mellitus  in  the  Pima 
Indians .  Diabetes  mellitus  has  long  been  regarded  as  a  disease  with 
a  strong  hereditary  basis,  but  understanding  its  genetics  has  been    , 
hampered  by  problems  in  diagnosing  and  classifying  the  disease.      ' 
Onset  of  diabetes  in  adulthood  makes  many  individuals  with  a  diabetes 
genotype  impossible  to  identify  during  much  of  their  lives.  A  further 
problem  is  that  diabetes  may  be  heterogeneous  in  terms  of  etiology. 
No  single  mode  of  inheritance  is  likely  to  be  involved  in  all  types 
of  diabetes  in  all  populations.  Diabetes  genetics  is  also  complica- 
ted by  obesity,  a  strong  risk  factor  for  type  II  diabetes.  Obesity 
might  be  either  an  environmentally  induced  factor  affecting  the  ex- 
pression of  a  diabetes  genotype,  or  the  initial  manifestation  of  a 
genetically  determined  diabetes-obesity  syndrome.  Neel  has  hypothe- 
sized that  the  introduction  of  a  steady  food  supply  to  people  who 
have  evolved  a  "thrifty  genotype"  leads  to  obesity,  insul  in  resistance, 
and  diabetes.  This  genotype  may  have  had  selective  advantage  by 
allowing  efficient  energy  storage  during  times  of  plenty  thus  permit- 
ting survival  during  famine. 

For  about  2000  years,  the  ancestors  of  the  Pima  Indians  of  the  south- 
western United  States  are  thought  to  have  lived  in  isolation  in  the 
desert  with  alternating  periods  of  feast  and  famine.  Obesity  and 
diabetes  have  become  extremely  common  only  recently,  coincident  with 
disruption  of  the  traditional  lifestyle  and  introduction  of  an  abun- 
dant food  supply.  The  Pimas  now  participate  in  an  epidemiologic 
study  including  periodic  measurement  of  obesity  and  glucose  tolerance 
before  and  after  the  onset  of  diabetes,  thus  allowing  classification 
of  the  members  of  this  defined  population. 
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Today  the  Pimas  have  a  high  prevalence  of  diabetes,  the  development 
of  which  is  familial  and  strongly  related  to  obesity.  Fifty  percent 
of  the  Pimas  at  least  35  years  old  have  diabetes,  defined  by  a  2  hr. 
post-load  plasma  glucose  concentration  of  at  least  200  mg/dl  (11.1 
mmol/1).  Diabetes  in  the  Pimas  is  type  II,  in  that  it  is  not  insulin 
dependent,  not  associated  with  islet-cell  antibodies  or  HLA  antigens 
typical  of  type  I  diabetes,  and  Pima  diabetics  retain  basal  insulin 
secretion  and  secrete  insulin  after  intravenous  arginine  stimulation. 
Because  of  their  genetic  isolation,  there  is  a  greater  chance  that  a 
single  genetic  mechanism  is  involved  in  diabetes  in  the  Pimas.  Obe- 
sity is  extremely  common,  with  92%  of  Pima  men  and  94%  of  the  vi/omen 
20-24  years  old  exceeding  the  U.S.  medians  of  body  mass  index  (BMI) 
for  their  age.  Obesity  has  a  marked  effect  on  diabetes  incidence, 
which  increases  steadily  from  near  zero  in  those  with  a  BMI  of  less 
than  20  kg/m^  to  a  rate  of  72  new  cases/1000  person-years  in  those 
with  a  BMI  of  at  least  40  kg/m^.  Furthermore,  obesity  and  parental 
diabetes  interact  strongly.  Obese  Pimas  with  diabetic  parents  have 
the  highest  diabetes  incidence.   Despite  this  effect,  obesity,  except 
in  the  extreme,  does  not  increase  mortality,  consistent  with  the  hy- 
pothesis that  the  Pimas  evolved  the  ability  to  become  obese  as  a 
survival  measure. 

Pimas  with  impaired  glucose  tolerance  or  diabetes  without  fasting 
hyperglycemia  have  elevated  fasting  and  stimulated  insulin  concen- 
trations compared  with  nondiabetic  Pimas  with  similar  degrees  of 
obesity.  They  are  resistant  to  insulin-mediated  glucose  disposal. 
However,  even  diabetic  Pimas  with  marked  fasting  hyperglycemia  are 
very   sensitive  to  the  antil ipolytic  action  of  insulin.  These  dif- 
ferences in  insulin  sensitivity  may  facilitate  the  development  of 
obesity,  and  may  have  allowed  the  Pimas  and  other  similar  populations 
to  survive  famines.  When  food  supplies  of  such  people  become  abundant 
and  constant,  the  development  of  sustained  obesity  may  lead  to  im- 
paired glucose  tolerance,  hypersecretion  of  insulin,  eventual  beta 
cell  failure,  and  diabetes.  Thus,  Neel's  "thrifty  genotype"  may  be 
mediated  through  selective  insulin  resistance. 

The  Effects  of  Parental  Diabetes  on  the  Relationship  of  Obesity  and 
the  Incidence  of  Diabetes.  The  incidence  of  diabetes  mellitus  was 
determined  in  the  Pima  Indians  of  Arizona,  during  a  15  year  longi- 
tudinal study  that  included  periodic  measurements  of  weight,  height, 
and  glucose  tolerance.  Diabetes  incidence  was  strongly  related  to 
preceding  obesity  in  both  sexes  and  at  all  ages  in  people  at  least 
15  years  old.   In  contrast,  there  was  little  relationship  between 
diabetes  prevalence  and  concurrent  obesity,  illustrating  the  impor- 
tance of  longitudinal  studies  in  estimating  the  effect  of  obesity  on 
the  occurrence  of  diabetes.  In  studying  the  development  of  a  disease 
such  as  diabetes  which  is  manifested  by  weight  loss,  care  must  be 
taken  to  consider  sequential  changes  in  body  weight  rather  than 
weight  measured  only  at  one  point  in  time.   Comparing  weights  of 
people  after  they  have  developed  diabetes  with  weights  of  nondiabetics 
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can  be  especially  misleading.   In  prevalence  studies,  weight  loss 
following  the  development  of  diabetes  could  lead  to  considerable 
underestimation  of  the  etiologic  relationship  of  obesity  and  dia- 
betes, as  illustrated  in  the  Pimas.  Although  incidence  or  longi- 
tudinal studies  are  much  more  time  consuming  than  prevalence  studies, 
they  may  be  essential  for  understanding  the  magnitude  of  the  role  of 
obesity  in  the  development  in  diabetes. 

The  association  of  diabetes  incidence  with  obesity  remained  within 
each  group  when  subjects  were  classified  by  the  diabetes  status  of 
their  parents,  also  an  important  risk  factor  for  diabetes.  Parental 
diabetes  enhanced  the  effect  of  obesity  in  increasing  diabetes  inci- 
dence. 

In  the  Pimas,  both  obesity  and  diabetes  have  become  more  common 
during  the  last  few  decades,  probably  as  a  result  of  rapid  cultural 
and  dietary  changes  in  a  population  genetically  susceptible  to  dia- 
betes. These  findings  have  important  implications  to  many  other  parts 
of  the  world  where  similar  increases  in  obesity  and  diabetes  appear 
to  be  occurring. 

Comparison  of  Microvascular  Complications  of  Diabetes  in  Three  Tribes 
of  American  Indians.   Mavajo  and  Hopi  Indian  patients  with  diabetes   | 
mellitus  were  examined  for  retinopathy  and  proteinuria  using  methods 
similar  to  those  of  the  study  of  Pimas  in  the  Gila  River  Indian  Com- 
munity. Diabetes  duration-specific  prevalence  rates  of  retinopathy 
and  proteinuria  were  very  similar  in  Hopis,  Navajos,  and  Pimas,  al- 
though all  three  tribes  are  culturally  and  linguistically  distinct. 
These  findings  challenge  previous  reports  by  others  that  hyperglycemia 
in  Hopis  and  Navajos  is  an  isolated  metabolic  abnormality  unassociated 
with  microvascular  complications  typical  of  diabetes.  Possible  meth- 
odologic  differences  in  the  previous  studies  may  be  responsible  for 
their  failure  to  find  many  patients  with  complications.  The  present 
study  emphasizes  the  universal  nature  of  microvascular  complications 
of  diabetes.   Diabetic  retinopathy  is  strongly  dependent  on  the  dura- 
tion of  diabetes  but  appears  not  to  depend  on  racial  or  geographic 
characteristics . 

Lack  of  Familial  Aggregation  of  Gallstones.  In  Pima  Indian  women,  no 
evidence  of  familial  aggregation  of  gallbladder  disease  was  found,  as 
assessed  by  routine  clinical  means.  Medical  records  were  reviewed 
for  cholelithiasis  as  evidenced  by  surgical  findings  or  oral  cholecys- 
tography (performed  only  when  clinically  indicated  for  medical  care). 
Familial  aggregation  was  assessed  in  316  Pima  women  aged  35  through 
84  years  who  belonged  to  144  sibships.  They  represented  116  families 
with  two  sisters  in  this  age  range  and  28  families  with  three.  In 
these  women  the  disease  prevalence  was  143/316=45%.  There  was  little 
variation  of  prevalence  with  age  within  this  range.  The  numbers  of 
families  having  0,  1,  and  2  sisters  with  gallstones  among  families    \ 
with  two  sisters,  and  0,  1,  2,  and  3  affected  sisters  in  families  of 
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three  were  tabulated.  The  frequency  distribution  was  very  close  to 
expectation  under  a  random  distribution  of  the  disease  in  the  pop- 
ulation (test  for  goodness  of  fit  to  a  random  distribution,  x2= 
3.92,  d.f.=5).  However,  the  distribution  v/as  incompatible  with  a 
simple  dominant  or  recessive  mode  of  inheritance.  Thus  if  clin- 
ically detected  cholelithiasis  is  an  inherited  disease  in  the 
Pimas,  most  Pimas  may  have  the  necessary  gene(s),  with  the  major 
factors  distinguishing  Pimas  with  and  without  gallstones  being  non- 
famil ial  . 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Previous  findings  of  an  association  of  type  II  diabetes  with  the  genetic 
marker  HLA-A2  have  been  extended.  The  association  and  an  inverse  relation  of 
the  frequency  of  homozygosity  for  HLA-A2  with  age  in  diabetic  subjects  suggest 
that  HLA-A2  is  in  linkage  disequilibrium  with  a  diabetes-susceptibility  gene 
which  contributes  to  an  earlier  age  of  onset  of  diabetes.  This  information, 
combined  with  other  studies  of  diabetes  etiology  described  under  this  and 
other  projects,  may  help  in  our  understanding  the  cause(s)  of  diabetes. 

Obesity  and  parental  diabetes  are  the  strongest  risk  factors  yet  identi- 
fied for  diabetes  in  Pima  Indians.  They  interact  strongly,  with  obese  off- 
spring of  diabetic  parents  having  extremely  high  diabetes  incidence  rates. 
Because  of  weight  loss  following  the  development  of  diabetes,  prevalence  (cross- 
sectional)  studies  can  seriously  underestimate  the  effect  of  obesity  on  the  de- 
velopment of  diabetes.  Thus  incidence  (longitudinal)  studies  may  be  essential 
for  understanding  the  role  of  obesity  in  the  development  of  diabetes. 

Resistance  to  insulin  mediated  glucose  disposal  is  a  feature  of  obese, 
nondiabetic  Pima  Indians  which  is  likely  to  be  involved  in  the  development  of 
diabetes.  Whether  insulin  resistance  is  a  primary  abnormality  in  Indians  or 
is  secondary  to  obesity  is  an  important  question  to  be  addressed  in  future 
research. 

A  comparison  of  microvascular  complications  of  diabetes  in  three  tribes 
of  American  Indians  supports  the  hypothesis  that  these  complications  are  pri- 
marily a  function  of  diabetes  duration  and  depend  little  on  racial  or  geo- 
graphic factors.  This  is  consistent  with  our  previously  reported  findings  that 
the  frequency  of  microvascular,  but  not  macrovascular ,  complications  was  sim- 
ilar in  Japanese  diabetics  living  in  Japan,  diabetics  of  Japanese  descent  in 
Hawaii,  and  Pima  Indians.  These  findings  suggest  that  research  about  micro- 
vascular complications  in  the  Pima  Indians  is  also  relevant  to  other  diabetic 
people. 

Genetic  or  environmental  causes  of^ gallstones  remain  unknown.  The  lack 
of  familial  aggregation  of  cholelithiasis  suggests  either  that  a  simple  genetic 
mechanism  does  not  predominate  or  that  most  Pimas  have  the  necessary  gene(s), 
with  the  major  factors  distinguishing  Pimas  with  and  without  gallstones  being 
non-familial  . 
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Proposed  Course: 

The  long  term  followup  studies  of  diabetes  and  its  vascular  complica- 
tions will  continue.  Surveillance  of  non-diabetic  subjects  becoming  diabetic 
and  of  diabetics  progressing  with  their  disease  gives  an  opportunity  for  fur- 
ther study  or  risk  factors  diabetes  and  its  complications.   Further  study  of 
risk  factors  for  diabetes  will  include  studies  of  obesity,  HLA  type,  and 
other  gene  markers.  We  will  attempt  further  characterization  of  the  mode  of 
inheritance  of  diabetes  in  Pima  Indians  by  studying  segregation  of  the  disease 
in  pedigrees  and  linkage  with  HLA  and  other  gene  markers.  Further  .studi es  of 
the  role  of  blood  pressure,  plasma  glucose  concentration,  and  drug  treatment 
on  the  incidence  of  diabetes  retinopathy  and  nephropathy  will  be  undertaken. 

Publ ications: 

1.  Bennett,  P.H.,  and  Savage,  P.J.:   "Prognostic  Factors  for  the  Develop- 
ment of  Diabetes  Mellitus  in  Pima  Indian  Children  and  Young  Adults." 
in  Grave,  G.  (ed.):  Early  Detection  of  Potential  Diabetics:  The 
Problems  and  the  Promise,  New  York:  Raven  Press  (1979),  pp.  53-67. 

2.  Pettitt,  D.J.,  Knowler,  W.C,  Lisse,  J.R.,  and  Bennett,  P.M.:  Devel- 
opment of  retinopathy  and  proteinuria  in  relation  to  plasma  glucose 
concentrations  in  Pima  Indians.  The  Lancet  2:1050-1052,  1980. 

3.  Bennion.  L.J.,  and  Knowler,  W.C:  Epidemiology  of  gallstones.  In: 
Rotter,  J.I.,  Samloff,  I.M.,  and  Rimoin,  D.L.,  eds :  The  Genetics 
and  Heterogeneity  of  Common  Gastrointestinal  Disorders,  Academic 
Press,  New  York,  pp.  297-312,  1980. 

4.  Bennett,  P.H.,  Knowler,  W.C,  Pettitt,  D.J.,  and  Lisse,  J.R.:  The 
prognostic  significance  of  the  glucose  tolerance  test.   In:  Gumming, 
I. A.,  Funder,  J.W.,  and  Medelsohn,  F.A.O.,  eds:  Endocrinology  1980: 
Proceedings  of  the  5th  International  Congress  of  Endocrinology, 

El sevier/North-Holland,  Amsterdam,  1980. 

5.  Knowler,  W.C,  Pettitt,  D.J.,  Savage,  P.J.,  and  Bennett,  P.H.:  Diabe- 
tes incidence  in  Pima  Indians:  contribution  of  obesity  and  parental 
diabetes.  American  Journal  of  Epidemiology  113:144-155,  1981. 

6.  Bennett,  P.H.:  The  Epidemiology  of  Diabetes.   In:  Rifkin,  H.,  and 
Raskin,  P.,  eds:  Diabetes  Mellitus,  Vol.  V.,  Bowie,  Maryland,  Robert 
J.  Brady  Company,  pp.  87-94,  1981. 

7.  Howard,  B.V.,  Lisse,  J.R.,  Knowler,  W.C,  Davis,  M.P.,  Pettitt,  D.J., 
and  Bennett,  P.H.:  Diabetes  and  artheroscl erosi s  in  Pima  Indians. 
In:  Proceedings  of  the  Symposium  on  Atherosclerosis  and  Diabetes, 
New  York  (in  press) . 
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8.  Knowler,  W.C,  Bennett,  P.H.,  Pettitt,  D.J.,  and  Savage,  P.J.: 
obesity  and  diabetes  in  Pima  Indians:  the  effects  of  parental  diabe- 
tes on  the  relationship  of  obesity  and  the  incidence  of  diabetes. 

In:   Proceedings  of  the  Third  Symposium  on  Diabetes  Mellitus  in  Asia 
and  Oceania,  Honolulu,  Excerpta  Medica,  Amsterdam  (in  press). 

9.  Knowler,  W.C,  Savage,  P.J.,  N^gul  esparan,  M.,  Howard,  B.V.,  Pettitt, 
D.J.,  Lisse,  J.R.,  Aronoff,  S.L.,  and  Bennett,  P.H.:  Obesity,  insu- 
lin resistance,  and  diabetes  mellitus  in  the  Pima  Indians.  In: 
Tattersall,  R.B.,  and  Kobberling,  J.,  eds :  Proceedings  of  the 
Second  International  Conference  on  the  Genetics  of  Diabetes  Mellitus, 
Freiburg,  Germany,  Academic  Press  (in  press). 

10.  Williams,  R.C.,  Knowler,  W.C,  Butler,  W.J.,  Pettitt,  D.J.,  Lisse, 
J.R.,  Bennett,  P.H.,  Mann,  D.L.,  Johnson,  A.H.,  and  Terasaki ,  P.I.: 
HLA-A2  and  type  II  diabetes  mellitus  in  Pima  Indians:  an  association 
of  allele  frequency  with  age.   Diabetologia  (in  press). 

11.  Pettitt,  D.J.,  Lisse,  J.R.,  Knowler,  W.C,  and  Bennett,  P.H.: 
Mortality  as  a  function  of  obesity  and  diabetes  mellitus.  American 
Journal  of  Epidemiology  (in  press). 
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SUMMARY  OF  WORK  (200  «ords  or  less  -  underline  keywords) 

To  determine  the  effects  of  diabetes  mell itus  and  prediabetes  on  the 
complications  and  outcome  of  pregnancy  in  women  in  the  Gila  River  Indian 
Community. 

The  characteristics  of  all  pregnancies  among  residents  of  the  Gila  River  Indian 
Community  are  determined.  Each  oreqnant  woman  has  a  modified  glucose  tolerance 
test  during  the  third  trimester  and  following  delivery  and  is  retested  at 
approximately  two  yearly  intervals  in  conjunction  with  the  prospective  study 
of  diabetes  mellitus  in  the  same  community.  The  characteristics  of  the 
pregnancies  in  women  who  subsequently  become  diabetic  will  be  comnared  to  those 
among  women  who  were  diabetic  at  the  time  of  pregnancy  and  those  who  remain 
nondiabetic.  Children  from  these  pregnancies  are  examined  at  aoproximately 
two  yearly  intervals  after  age  5  years  for  heiaht,  weight,  and  glucose 
tolerance,  in  order  to  determine  long-term  effects  of  the  characteristics  of 
pregnancies  on  the  offspring. 
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Project  Description: 

Objectives:  To  document  the  natural  history  and  to  determine  the  effect 
of  diabetic  and  nredlabetic  pregnancies  in  a  Pima  Indian  group  with  the 
highest  recorded  prevalence  of  diabetes  mellitus.  Special  emohasis  will  be 
placed  on  complications  during  pregnancy  and  associations  with  mortality  and 
morbidity  in  the  offspring,  both  In  the  perinatal  period  and  later  in  child- 
hood. 

Methods  Employed:  The  course  and  outcome  of  pregnancies  in  all  female 
residents  of  the  Gila  River  Indian  Community  (Sacaton  Service  Unit  area)  are 
followed  and  recorded  in  a  standardized  manner,  and  the  children  are  followed 
from  age  5  years  on.  Data  is  supplemented  by  reviews  of  the  Sacaton  Hospital 
charts. 

All  patients  attending  prenatal  clinic  at  Sacaton  Hospital  receive  a 
modified  glucose  tolerance  test  during  the  third  trimester  of  their  pregnancy. 
These  patients  receive  another  modified  glucose  tolerance  test  24-48  hours 
post  partum  and  a  chart  review  and  patient  Interview  are  done  for  additional 
Information.  They  are  retested  at  approximately  2  yearly  intervals  to 
document  the  development       of  diabetes.  They  will  also  be  retested 
during  each  subsequent  pregnancy. 

Infants  will  be  examined  to  determine  the  presence  of  congenital 
anomalies  and  data  related  to  mortality  and  morbidity  will  be  collected  and 
documented.  At  age  five  years,  the  children  will  be  re-examined  to  detect 
any  further  abnormalities  which  may  have  been  inapparent  at  birth. 

Major  Findings :  The  effects  of  maternal  diabetes  on  the  development 
of  obesity  in  5-14  year  old  offspring  of  Pima  Indian  women  were  investigated. 
Three  groups  of  children  were  identified  according  to  whether  the  mother 
was  diabetic,  prediabetic,  or  nondiabetic  during  pregnancy.  The  diabetic 
mothers  had  2-hour  oost-load  plasma  glucose  concentrations  (2HPG)  of  at  least 
200  mg/dl  ;  the  nondiabetic  mothers  always  had  a  2HPG  of  less  than  140  mg/dl ; 
and  the  prediabetic  mothers  first  developed  2HPGs  >  200  mg/dl  after  delivery. 

In  younger  children  (5-8  yrs  old),  19.9%  of  offspring  of  nondiabetics 
were  obese  (>_120%  ideal  weight)  comoared  to  26.3  percent  in  offspring  of 
prediabetics  and  59.1%  in  offspring  of  diabetics.  The  means  of  body  weight 
were  111%,  115%  and  126%  of  ideal  weight  respectively.  In  other  children 
(11-14  years  old)  the  offspring  of  nondiabetics,  prediabetics,  and  diabetics 
were  120%,  127%  and  156%  of  ideal  body  weight  respectively  and  obesity  was 
found  in  38.8%,  56.8%  and  92.6%  respectively. 

Obesity,  itself  a  strong  risk  factor  for  diabetes,  is  more  frequent,  more 
severe  and  develops  earlier  in  the  offspring  from  diabetic  than  from  prediabetic 
or  nondiabetic  pregnancies.  The  prenatal  environment  may  affect  weight  not 
only  at  birth,  but  later  in  childhood  and  in  the  teenage  years. 
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Significance  to  Biomedical  Research  and  Program  of  the  Institute:   In 
view  of  the  high  prevalence  of  diabetes  in  the  Pima  Indians,  studies  in  the 
Gila  River  Community  provide  a  unique  oooortunity  to  evaluate  the  outcome  of 
both  prediabetic  pregnancies  and  pregnancies  with  mild  carbohydrate  intolerance 
Retrosoecti ve  studies  of  the  course  of  prediabetic  oreanancies  have  to  date 
produced  conflicting  results.  Although  it  is  well  establisned  that  patients 
with  severe  glucose  intolerance,  especially  those  with  diabetes  of  long 
duration  and  significant  microvascular  complications,  have  an  increased 
prevalence  of  fetal  mortality  and  maternal  morbidity,  it  is  not  certain 
whether  treatment  will  improve  the  outcome  of  those  pregnancies  in  which 
there  is  mild  glucose  intolerance.  Limited  prospective  studies  of  the  benefit 
of  treating  pregnant  women  with  mild  glucose  intolerance  have  so  far  yielded 
conflicting  results.  With  the  adoption  of  more  stringent  criteria  for  the 
treatment  of  mild  carbohydrate  intolerance  in  pregnancy  it  is  hoped  that  this 
study  will  be  able  to  add  to  the  evaluation  of  this  problem  by  monitoring 
the  impact  of  these  therapeutic  changes  on  the  outcome  of  pregnancies  on  the 
reservation. 

Proposed  Course:  The  pregnancy  study  will  continue  in  conjunction  with 
the  study  of  the  natural  history  of  diabetes  mellitus  in  the  Gila  River  Indian 
Community.  The  number  of  pregnancies  recognized  to  be  prediabetic  will 
increase  as  the  mothers  studied  develop  diabetes  mellitus.   In  addition,  major 
emphasis  will  be  placed  on  obtaining  followup  examination  on  the  offspring  of 
the  women  in  the  study. 

Publications:  None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  postmortem  characteristics  of  Pima  Indians  of  the  Gila  River  Indian 
Community  are  investigated  so  that  findings  in  subjects  with  and  without 
diabetes  mellitus  can  be  correlated  with  studies  in  living  subjects. 

Postmortem  examinations  are  performed  on  members  of  the  Gila  River  Indian 
Community  whenever  possible,  reaardless  of  whether  the  subjects  have  prior 
evidence  of  diabetes.  Tissues  are  examined  by  light  and  electron  microscopy 
and  the  histology  related  to  the  clinical  findinqs  in  the  same  subjects.  The 
histology  of  the  pancreatic  islets  of  Lanqerhans  is  being  studied  in  detail  to 
describe  the  chanqes  that  take  place  in  diabetes.  The  distribution  of  cell 
types  varies  considerably  between  different  reqions  of  the  pancreas  sugqesting 
regional  variation  in  function. 
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Project  Description: 
Objectives: 

1.  To  determine  the  causes  of  death,  and  associated  disease  processes 
in  members  of  the  Gila  River  Indian  Community  being  followed  in 
prospective  studies  on  arthritis,  diabetes  mellitus,  cholelithiasis, 
etc. 

2.  To  ascertain  and  evaluate  the  histopathological  changes  in  tissues 
and  cells  as  they  relate  to  diabetes  mellitus.  To  assess  their 
importance  and  relationship  to  clinical  findings  in  members  of  the 
Gila  River  Indian  Community  upon  whom  autopsies  are  performed. 

3.  Evaluate  factors  and  conditions  associated  with  increased  or 
decrease  mortality  rate  in  the  Gila  River  Indians. 

Major  Findings:  Accumulation  of  data  on  cause  of  death  and  histology 
of  tissue  continues. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
As  more  subjects  who  have  been  under  long  term  ante-mortem  surveillance  are 
autopsied,  more  precise  clinical  pathologic  correlations  will  be  available 
for  the  study  of  diabetes  mellitus  than  has  previously  been  possible. 

Proposed  Course:  The  systematic  collection  and  cataloging  of  tissues  will 
continue.  As  sufficient  specimens  become  available,  detailed  examinations  of 
various  tissues  will  be  made.  Further  studies  of  the  kidney,  including 
electron  microscopy  and  biochemical  quantification  of  the  insul in, glucagon, 
and  pancreatic  polypeptide  producing  cells  of  the  Islets  of  Langerhans  will 
be  the  major  activity  in  the  coming  year.  Data  on  cause  of  death  will  be 
related  to  antecedant  conditions  such  as  diabetes,  obesity,  and  to  genetic 
markers  such  as  HLA  type. 

NIH  Contract  No.  NOl -AM-7-221 3       Starting  Date:  September  1,  1980 

Expiration  Date:  December  31,  1980 

Contractor:  University  of  Geneva,  Geneva,  Switzerland 

Money  Allocated:  $7,420  Person-years  Purchased:  0.3 

Conducting  Morphological  Studies  of  Diabetes 

Under  this  contract,  the  detailed  morpholoay  of  pancreases  from  Pima 
autopsy  specimens  is  being  studied.  The  different  cell  types  of  the  Islets 
of  Langerhans  are  being  quantified  using  immunofluorescent  techniques.  Human 
fibroblasts  isolated  from  diabetic  and  nondiabetic  Pimas  will  be  compared  for 
morphologic  differences. 
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Publications  supported  by  Contract: 

1.  Malaisse-Lagae,  F.,  Stefan,  Y.,  Cox,  J.,  Perrelet,  A.,  and  Orci,  L.: 

Identification  of  a  lobe  in  the  adult  human  pancreas  rich  in  pancreatic 
polypeptide.  Diabetologia  17:361-365,  1979. 

2.  Endocrine  pancreas:  Three-dimensional  reconstruction  shows  two  types  of 

islets  of  Langerhans.  Science  206:1323-1325,  1979. 

3.  Orci,  L.:  Some  recent  findings  concerning  the  rodent  and  human  pancreas. 

In:  Current  Views  of  Hypoglycemia  and  Glucagon:  D.  Andreani ,  P.J. 
Lefebvre  and  V.  Marks  (eds):  Proc.  Serono  Symposia  Vol.  30,  pp.  1-11, 
Academic  Press,  1980. 

4.  Glicentin:  A  Precursor  of  glucagon?  Life  Sciences  25:287-290,  1979. 

5.  Krejs,  G.,  Orci,  L.,  Conlon,  J.M.,  et  al :  Somatostatinoma  syndrome. 

New  England  Journal  of  Medicine  301:285-292,  1979. 

5.  Bordi  ,  C.  ,  Ravazzola,  M.  ,  Baetens,  D.,  et  al:  A  study  of  glucagonomas 
by  light  and  electron  microscopy  and  immunofluorescence.  Diabetes 
28:925-935,  1979. 

7.  Unger,  R.H.  and  Orci,  L.:  Alpha  cell  function  in  diabetes  mellitus.   In: 
Current  Views  on  Hypoglycemia  and  Glucaaon:   D.  Andreani,  P.J.  Lefebvre 
and  V.  Marks  (eds):  Proc.  Serono  Symposia  Vol.  30,  pp.  93-105,  Academic 
Press,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  development  and  progression  of  various  forms  of  arthritis  is  being 
investigated  in  an  American  Indian  population.  The  patterns  of  joint 
disease  will  be  examined  to  determine  if  distinctive  patterns  of  degenerative 
joint  disease  can  be  recognized,  and  if  so,  their  evolution  and  outcome  will 
be  followed.   In  addition,  the  prognostic  significance  of  various  factors 
related  to  rheumatoid  arthritis  and  ankylosing  spondylitis  will  be  examined. 

The  study  which  includes  clinical  radiographic  and  serologic  studies  of  joint 
disease  is  a  part  of  a  prospective  study  of  the  Gila  River  Indian  Community 
in  which  studies  of  diabetes  mellitus  and  other  diseases  are  being  undertaken. 
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Project  Description: 
Objectives : 

1.  Determine  the  progression  of  clinical,  radiological  and  serological 
features  of  joint  diseases  affecting  the  Gila  River  Indians  with 
particular  attention  to  rheumatoid  arthritis,  osteoarthritis, 
ankylosing  spondylitis,  and  gout. 

2.  Determine  environmental  and  genetic  factors  associated  with  develoo- 
ment  and  progression  of  arthritis  and  rheumatism. 

3.  To  compare  and  contrast  the  clinical  course  of  rheumatoid  arthritis 
in  sero-positive  individuals  with  that  of  sero-negative  arthritics. 

4.  Determine  the  predictive  and  prognostic  significance  of  rheumatoid 
factor  in  relation  to  the  clinical  course  of  rheumatoid  arthritis. 

Methods  Employed: 

1.  The  following  tests  and  examinations  are  repeated  on  all  Indians 
five  years  of  age  and  over,  living  on  the  Sacaton  Service  Unit 
portion  of  the  Gila  River  Reservation. 

a.  Clinical  interview 

b.  Physical  examination 

c.  Radiographs  of  hands  and  feet.  Males  over  age  17  and  females 
over  age  44  will  have  a  pelvis  radiograph 

d.  Laboratory  determinations:  rheumatoid  factor,  uric  acid 

2.  The  data  from  the  above  examinations  and  tests  as  well  as  demo- 
graphic, pedigree,  environmental  information,  and  data  on  other 
conditions  and  diseases  are  also  collected. 

3.  HLA  and  DR  typing  are  performed  on  subjec-s  with  rheumatoid 
arthritis,  ankylosing  spondylitis  and  appropriate  controls. 

Major  Findings:  In  patients  with  rheumatoid  arthritis  and  age-sex 
matched  controls,  titers  of  Epstein-Barr  virus  nuclear  antigens  (EBNA)  were 
not  related  to  the  disease.  IgA  antibody  to  VGA  showed  a  weak  association 
with  the  bentonite  flocculation  titer.  In  addition  the  titers  of  EBNA  in 
the  Pima  sample  as  a  whole  were  very  high,  suggesting  chronic  antigenic 
stimulation. 

Rheumatoid  factor  was  examined  as  a  risk  factor  for  later  development  of 
rheumatoid  arthritis.  The  incidence  of  rheumatoid  arthritis  increased  from 
1  51  cases/1000  person-years  in  subjects  with   reumatoid  factor  titers  of 
1-4  or  less  to  6.15  cases/1000  person-years  in  subjects  with  rheumatoid 
factors  of  at  least  1:64.  In  men  at  least  25  years  old  and  women  at  least 
'45  years  old,  the  age-specific  incidence  of  rheumatoid  arthritis  was  much 
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higher  in  Pimas  than  in  the  Caucasian  population  of  Rochester,  Minnesota. 
These  high  incidence  rates  in  older  Pimas  could  indicate  a  cohort  effect  in 
the  adult  Pimas,  or  that  the  exposure  of  Pimas  to  the  environmental  risk 
factor  for  rheumatoid  arthritis  occur  later  in  life  than  in  Caucasians.  The 
magnitude  of  the  difference  in  the  older  age  groups  suggeststhat  the  Pimas 
are,  however,  exposed  to  more  stimuli  than  Caucasians,  or  resDond  differently. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Establishing  the  environmental  risk  factors  and  as  well  as  the  host  suscept- 
ibility to  rheumatoid  arthritis  are  important  in  determining  the  etiology  of 
this  disease.   In  addition  characterizing  the  risk  factors  for  severe  erosive 
disease  can  best  be  done  by  a  longitudinal  examination  of  the  radiographs  and 
correlating  this  data  with  some  of  the  factors  known  to  be  associated  with 
rheumatoid  arthritis. 

Proposed  Course:  Further  delineation  of  risk  factors  for  development  of 
rheumatoid  arthritis  as  well  as  those  for  development  of  severe  disease  will 
continue.  This  method  will  be  applied  to  other  forms  of  arthritis,  including 
neuropathic  disease  of  the  foot  in  diabetics  and  osteoarthrosis. 

Publ ications : 

1.   Lisse,  J.R.,  Kuberski,  T.T.,  Bennett,  P.H.,  Knowler,  W.C,  Gofton,  J. P., 
Calin,  A.,  and  Mann,  D.L.:  Hiqh  Risk  of  Sacroiliitis  in  HLA-B27-Posi ti ve 
Pima  Men.  Arthritis  and  Rheumatism  (in  press). 
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SUMMARY   OF    WORK    (200    «orts   or   less   -  i^nderline    keywords) 

The  mechanism  of  insulin  s  interaction  with  it  specific  receptors  in 

the  plasma  membrane  of  the  rat  adipose  cell  is  under  investigation  tnrough  l) 
the  development  of  a  mathematical  model  of  the  complex  kinetics  of  insulin  binding 
and  degradation .  and  2)  an  examination  of  insulin  receptor  internalization.   A 
further  characterization  of  the  insulin-induced  translocation  of  glucose  transport 
systems  from  a  large  intracellular  pool  to  the  plasma  membrane  in  the  rat  adipose 
cell  is  in  progress  through  an  examination  of  the  kinetics  of  this  process,  and 
of  the  chemical  and  immunological  nature  of  the  rat  adipose  cell  glucose  trans- 
porter.  The  role  of  this  translocation  process  in  insulin's  stimulatory  action 
on  glucose  transport  in  rat  diaphragm  and  the  human  adipose  cell  has  now  been 
suggested.   A  possible  mechanism  of  insulin  resistant  glucose  transport  in  the 
adipose  cell  in  the  aging  rat  model  of  obesity,  with  high  fat: low  carbohydrate 
feeding  in  the  rat,  and  in  the  streptozotocin-induced  diabetic  rat  model  of 
insulin-dependent  diabetes  mellitus  has  been  established  with  the  demonstration 
of  a  relative  depletion  of  the  intracellular  pool  from  which  glucose  transport 
systems  are  translocated  to  the  plasma  membrane  in  response  to  insulin  in  all 
three  of  these  perturbed  metabolic  states. 
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Objectives:   Insulin's  ability  to  stimulate  the  uptake  and  metabolism  of 
glucose  by  such  peripheral  tissues  as  muscle  and  adipose  tissue  and  to  inhibit 
lipolysis  in  the  latter  tissue  play  a  major  role  in  systemic  glucose  and 
lipid  homeostasis  in  vivo  in  man  and  experimental  animal.   Insulin  resistance 
states,  exemplified  by  obesity  and  diabetes  mellitus ,  are  accompanied,  in 
turn,  by  perturbed  systemic  glucose  and  lipid  homeostasis  and  a  reduction  in 
the  capacity  of  the  peripheral  tissues  to  respond  to  insulin.   Increasing 
ratios  of  dietary  carbohydrate  to  fat,  on  the  other  hand,  tend  to  ameliorate 
these  insulin  resistant  states.   The  alterations  in  peripheral  tissue  function 
observed  iii^  vivo  in  these  altered  physiological  and  pathophysiological 
metabolic  states  are  closely  paralleled  by  similar  alterations  in 'adipose  and 
muscle  cell  function  studied  jj]_  vitro.   The  overall  objective  of  the  Cel- 
lular Metabolism  and  Obesity  Section  is  an  elucidation  of  the  mechanism  of 
insulin  action  and  its  perturbation  in  obesity  and  diabetes  and  with  altered 
dietary  carbohydrate  and  fat  content.   Over  the  past  several  years,  this 
objective  has  been  approached  through  a  detailed  examination  of  the  isolated 
adipose  cell  as  a  model  system.   The  Section's  specific  objectives  comprise 
the  five  major  projects  now  presently  in  progress:   l)  insulin-cell  inter- 
actions, 2)  insulin's  regulation  of  glucose  transport,  3)  alterations  in 
insulin's  action  in  obesity,  4)  role  of  dietary  carbohydrate  and  fat  in 
modifying  insulin's  action,  and  5)  alterations  in  insulin's  action  in  insulin- 
dependent  diabetes  mellitus. 

Progress:   The  mechanism  of  insulin's  interaction  with  it  specific  receptors 
in  the  plasma  membrane  of  the  rat  adipose  cell  is  under  investigation  through 
1)  the  development  of  a  mathematical  model  of  the  complex  kinetics  of  insulin 
binding  and  degradation,  and  2)  an  examination  of  insulin  receptor  interna- 
lization.  A  further  characterization  of  the  insulin-induced  translocation  of 
glucose  transport  systems  from  a  large  intracellular  pool  to  the  plasma 
membrane  in  the  rat  adipose  cell  is  in  progress  through  an  examination  of  the 
kinetics  of  this  process,  and  of  the  chemical  and  immunological  nature  of  the 
rat  adipose  cell  glucose  transporter.   The  role  of  this  translocation  process 
in  insulin's  stimulatory  action  on  glucose  transport  in  rat  diaphragm  and  the 
human  adipose  cell  has  now  been  suggested.   A  possible  mechanism  of  insulin 
resistant  glucose  transport  in  the  adipose  cell  in  the  aging  rat  model  of 
obesity,  with  high  fat:low  carbohydrate  feeding  in  the  rat,  and  in  the  strepto- 
zotocin-induced  diabetic  rat  model  of  insulin-dependent  diabetes  mellitus  has 
been  established  with  the  demonstration  of  a  relative  depletion  of  the  intra- 
cellular pool  from  which  glucose  transport  systems  are  translocated  to  the 
plasma  membrane  in  response  to  insulin  in  all  three  of  these  perturbed 
perturbed  metabolic  states. 

Insulin's  interaction  with  its  specific  receptors  in  the  plasma  membrane 
of  the  adipose  cell,  the  initial  event  in  the  regulation  of  glucose  transport 
and  metabolism  by  insulin,  is  complex.   The  mechanism  of  this  interaction  is 
under  investigation  through  l)  the  development  of  a  mathematical  model  of 
-'-25i_insulin  binding  and  degradation,  and  2)  an  examination  of  the  role 
of  ^25i_insulin  and  insulin  receptor  internalization  in  the  overall 
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binding  process.   To  date,  a  one  binding  site  model  of  insulin's  interaction 
with  the  adipose  cell  has  been  rejected  although  some  of  the  kinetics  of 
insulin  association  can  be  successfully  explained  by  hormone  degradation. 
While  a  two  binding  site  model  can  explain  the  kinetics  of  both  association 
and  dissociation  at  a  given  insulin  concentration,  the  parameters  of  each 
site  or  the  proportion  of  sites  with  constant  parameters'  must  vary  with 
insulin  concentration.   A  rapid  and  insulin  concentrationdependent  interna- 
lization of  insulin  receptors  in  the  adipose  cell  has  now  been  demonstrated. 
Internalized  receptors  appear  in  the  same  low-density  microsomal  membrane 
fraction  with  which  the  cell's  intracellular  pool  of  glucose  transport  is 
associated  and  from  which  glucose  transport  systems  are  translocated  to 
the  plasma  membrane  in  response  to  insulin. 

A  specific  D-glucose-inhibitable  cytochalasin  B  binding  assay  for  quanti- 
tating  the  number  of  glucose  transport . systems  in  subcellular  membrane 
fractions  has  previously  been  used  to  demonstrate  that  insulin  stimulates 
glucose  transport  in  the  isolated  rat  adipose  cell  primarily  through  the 
translocation  of  glucose  transport  systems  from  a  large  intracellular  pool 
to  the  plasma  membrane.   This  intracellular  pool  is  associated  with  the 
cell's  low-density  microsomal  membranes.   This  assay  has  now  been  used  to 
demonstrate  that  this  translocation  process  in  the  rat  adipose  cell  is 
multi-stepped,  extremely  rapid,  completely  reversible,  and  insulin  concentra- 
tion-dependent.  In  addition,  insulin  appears  to  stimulate  glucose  transport 
in  rat  diaphragm  and  the  isolated  human  adipose  cell  through  this  same  trans- 
location mechanism.   Furthermore,  the  rat  adipose  cell's  intracellular 
glucose  transport  systems  appear  to  be  l)  localized  in  either  a  unique  sub- 
fraction  of  the  Golgi  apparatus  or  a  distinct  membrane  species,  2)  immuno- 
logically similar  to  the  human  erythrocyte  glucose  transporter  with  a  MW 
of  roughly  45,000  daltons,  and  3)  chemically  processed  during  their  cycling 
to  the  plasma  membrane  in  response  to  insulin. 

Increasing  adipose  cell  size  in  the  aging  rat  model  of  obesity  is  ac- 
companied by  a  marked  reduction  in  insulin's  ability  to  stimulate  glucose 
metabolism.   Since  a  fundamental  action  of  insulin  in  regulating  glucose 
metabolism  is  its  stimulatory  effect  on  glucose  transport  and  since  insulin 
appears  to  enhance  glucose  transport  by  triggering  a  rapid  and  reversible 
translocation  of  glucose  transport  systems  from  a  large  intracellular  pool 
to  the  plasma  membrane,  the  effects  of  increasing  cell  size  on  this  pool  and 
the  translocation  process  in  the  isolated  adipose  cell  have  been  examined  in 
relation  to  glucose  transport  activity  in  the  intact  cell.   With  a  10-fold 
increase  in  cell  size,  insulin's  ability  to  stimulate  L-arabinose  transport 
in  intact  cells  and  to  increase  the  concentration  of  glucose  transport  systems 
in  the  plasma  membrane  fraction  prepared  from  these  cells  practically  disap- 
pears.  At  the  same  time,  the  basal  concentration  of  glucose  transport 
systems  in  the  low-density  microsomal  membrane  fraction  prepared  from  the 
enlarged  cells  is  decreased  by  80^.   Thus,  adipose  cellular  enlargement  is 
accompanied  by  a  markedly  reduced  glucose  transport  response  to  insulin 
which  appears  to  be  the  consequence  of  a  relative  depletion  of  glucose  trans- 
port systems  in  the  intracellular  pool. 


1214 


ZOl  AM  70500-03  CMC 

High  fat: low  carbohydrate  relative  to  high  carbohydrate: low  fat  feeding 
is  associated  with  a  marked  reduction  in  insulin's  ability  to  stimulate 
glucose  transport  in  the  isolated  rat  adipose  cell.   Since  insulin  appears 
to  enhance  glucose  transport  by  triggering  a  rapid  and  reversible  translo- 
cation of  glucose  transport  systems  from  a  large  intracellular  pool  to  the 
plasma  membrane,  the  effects  of  high  fat: low  carbohydrate  feeding  on  this 
pool  and  the  translocation  process  in  the  isolated  rat  adipose  cell  have 
been  examined.   With  high  fat: low  carbohydrate  feeding,  insulin's  ability  to 
stimulate  3-0-methylglucose  transport  in  intact  cells  and  to  increase  the 
concentration  of  glucose  transport  systems  in  the  plasma  membrane  fraction 
prepared  from  these  cells  is  decreased  by  555^  and  4-1%,    respectively.   At  the 
same  time,  the  basal  concentration  of  glucose  transport  systems  in  the 
low-density  microsomal  membrane  fraction  prepared  from  cells  of  the  high 
fat:low  carbohydrate -fed  rats  is  decreased  by  47^.   Thus,  the  reduced  glucose 
transport  response  of  the  rat  adipose  cell  to  insulin  with  high  fat: low 
carbohydrate  feeding  appears  to  be  the  consequence  of  a  relative  deple- 
tion of  glucose  transport  systems  in  the  intracellular  pool. 

The  streptozotcoin-induced  diabetic  rat  model  of  insulin-dependent 
diabetes  mellitus  is  associated  with  a  marked  reduction  in  insulin's  ability 
to  stimulate  glucose  transport  in  the  isolated  adipose  cell.   Since  insulin 
appears  to  enhance  glucose  transport  by  triggering  a  rapid  and  reversible 
translocation  of  glucose  transport  systems  from  a  large  intracellular  pool 
to  the  plasma  membrane,  the  effects  of  streptozotocin-induced  diabetes  on 
this  pool  and  the  translocation  process  in  the  isolated  adipose  cell  have 
been  examined.   With  the  induction  of  diabetes,  insulin's  ability  to  stimulate 
3-0-methylglucose  transport  in  intact  cells  and  to  increase  the  concentration 
of  glucose  transport  systems  in  the  plasma  membrane  fraction  prepared  from 
these  cells  is  decreased  by  55%   and  A-0%,    respectively.   At  the  same  time, 
the  basal  concentration  of  glucose  transport  systems  in  the  low-density 
microsomal  membrane  fraction  prepared  from  cells  of  the  diabetic  animals  is 
decreased  by  A5%-      Thus,  the  reduced  glucose  transport  response  of  the  adipose 
cell  to  insulin  in  the  streptozotocin-induced  diabetic  rat  appears  to  be  the 
consequence  of  a  relative  depletion  of  glucose  transport  systems  in  the 
intracellular  pool. 
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SUMMARY  OF  WORK  (200  wonJs  or  less  -  underline  keywords) 

Insulin's  interaction  with  its  specific  receptors  in  the  plasma  membrane  of 
the  adipose  cell ,  the  initial  event  in  the  regulation  of  glucose  transport  and 
metabolism  by  insulin,  is  complex.   The  mechanism  of  this  interaction  is  under 
investigation  through  l)  the  development  of  a  mathematical  model  of  125i_insulin 
binding  and  degradation,  and  2)  an  examination  of  the  role  of""^^^! -insulin  and 
insulin  receptor  internalization  in  the  overall  binding  process.   To  date,  a 
one  binding  site  model  of  insulin's  interaction  with  the  adipose  cell  has  been 
rejected  although  some  of  the  kinetics  of  insulin  association  can  be  success- 
fully explained  by  hormone  degradation.   While  a  two  binding  site  model  can 
explain  the  kinetics  of  both  association  and  dissociation  at  a  given  insulin 
concentration,  the  parameters  of  each  site  or  the  proportion  of  sites  with 
3on3tant  parameters  must  vary  with  insulin  concentration.   A  rapid  and  insulin 
concentrationdependent  internalization  of  insulin  receptors  in  the  adipose 
:ell  has  now  been  demonstrated.   Internalized  receptors  appear  in  the  same 
Low^ensity  microsomal  membrane  fraction  with  which  the  cell's  intracellular 
pool  of  glucose  transport  is  associated  and  from  which  glucose  transport  systems 
are  translocated  to  the  plasma  membrane  in  response  to  insulin. 
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Objectives:   Insulin's  hypoglycemic  effect  in  man  and  experimental  animal  in 
vivo  has  long  been  recognized,  as  has  been  insulin's  ability  to  stimulate  the 
uptake  and  metabolism  of  glucose  by  such  peripheral  tissues  as  muscle  and- 
adipose  tissue.   Indeed,  insulin's  effects  on  peripheral  tissue  glucose  meta- 
bolism in  vivo  are  closely  paralleled  by  similar  effects  on  the  metabolism  of 
glucose  by  isolated  muscle  fibers  and  adipose  cells  in  vitro.    While  adipose 
tissue  and  its  constituent  adipose  cells  probably  do  not  represent  a  primary 
site  of  glucose  utilization  in  overall  glucose  homeostasis  in  the  intact 
organism,  except  perhaps  in  the  young  and  rapidly  growing  animal,  its  avail- 
ability and  the  homogeneity  of  the  cells  prepared  therefrom  render  this 
tissue  an  ideal  model  system  with  which  to  examine  the  meGhanism(s)  of  in- 
sulin action  at  the  cellular  and  subcellular  levels.   The  overall  objective 
of  the  present  investigation  is  to  elucidate  the  mechanism  through  which 
insulin  interacts  with  the  rat,  and  ultimately  human,  adipose  cell,  the 
initial  event  in  insulin's  regulatory  action  on  glucose  metabolism.   This 
mechanism  comprises  a  complex  interaction  of  insulin  with  its  specific  re- 
ceptors in  the  adipose  cell's  plasma  membrane,  internalization  and/or  de- 
gradation of  the  bound  insulin,  and  initiation  of  the  signaling  process  which 
eventually  culminates  in  a  rapid  stimulation  of  glucose  transport  into  the 
adipose  cell,  enhancement  of  the  activity  of  a  variety  of  specific  pathways 
for  glucose  carbon  metabolism  in  the  adipose  cell,  and  inhibition  of  the 
stimulatory  effect  of  a  variety  of  agents  on  the  adipose  cell's  lipolytic 
activity.   The  specific  objectives  for  the  current  year  have  been  l)  con- 
tinue the  development  of  a  mathematical  model  of  the  kinetics  of  -'•25i -insulin 
association  with,  dissociation  from,  and  degradation  by,  the  isolated  rat 
adipose  cell,  and  2)  initiate  a  study  of  the  specific  role  of  125i_insulin 
and  insulin  receptor  internalization  in  this  complex  interaction  of  insulin 
with  the  isolated  rat  adipose  cell. 

Methods:   In  all  experiments,  isolated  adipose  cells  were  prepared  by  incu- 
bating the  whole  epididymal  fat  pads  of  male  Sprague  Dawley  rats  weighing 
150-200  g  with  collagenase,  separating  the  liberated  adipose  cells  from  the 
stromal -vascular  elements  by  thorough  washing,  and  resuspending  the  washed 
cells  as  a  stock  cell  suspension.   Adipose  cell  size  and  concentration  in  the 
stock  cell  suspension  were  determined  using  an  osmic  acid  fixation.  Coulter 
Electronic  Counter  method. 

In  the  first  series  of  experiments,  the  kinetics  of  ^25i_ijisulin  associ- 
ation was  then  examined  by  incubating  samples  of  adipose  cells  from  the  stock 
cell  suspension  for  varying  periods  of  time  up  to  300  minutes  at  temperatures 
varying  from  15-37°C  in  the  presence  of  tracer  125i_insulin  and  0-17  mM 
(2.5  U/ml)  native  insulin.   The  dissociation  of  bound  125i_insulin  was  examined 
by  adding  additional  native  insulin  at  varying  concentrations  up  to  17  yM 
(2.5  U/ml)  and  continuing  the  incubation  for  varying  additional  periods  of 
time  up  to  300  minutes.   The  incubated  cells  were  assayed  for  bound  I'^^I- 
insulin  and  the  incubation  medium  for  degraded  125i_insulin.   The  results  of 
these  experiments  were  analyzed  using  the  SAAM27  corapartmental  modeling  program 
implemented  on  an  IBM  1108  computer  at  the  National  Bureau  of  Standards. 
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In  the  second  series  of  experiments,  the  internalization  of  125i_insulin 
and  insulin  receptors  was  then  examined  by  incubating  samples  of  adipose  cells 
from  the  stock  cell  suspension  for  varying  periods  of  time  up  to  60  minutes 
at  3V°C  in  the  absence  or  presence  of  10  mM  KCN  or  at  15°C  in  the  presence  of 
tracer  ^^^j-insulin  and  0.17  \M   (2.5  U/ml)  native  insulin.   The  incubated 
cells  were  then  homogenized,  mitochordrial ,  plasma  membrane,  and  high-  and  low- 
density  microsomal  membrane  fractions  were  prepared  by  differential  ultra- 
centrifugation,  and  the  distribution  of  ^^^i-insulin  among  these  fractions 
was  examined  by  incubating  samples  of  each  for  18  hours  at  4°C  in  the  absence 
or  presence  of  17  yM  (2.5  U/ml)  native  insulin. 

Results  and  Discussion:   Tracer  ^25i_insulin  rapidly  associates  with  the  iso- 
lated rat  adipose  cell  in  a  time-  and  temperature-dependent  manner.   At  lower 
incubation  temperatures,  tracer  binding  ultimately  attains  a  steady  state 
level.   With  increasing  incubation  temperature,  however,  insulin  degradation 
increases  such  that  at  37°C  tracer  binding  reaches  an  early  maximal  level, 
then  declines.   When  high  concentrations  of  native  insulin  are  added  to  the 
cells  during  the  association  period,  further  tracer  binding  is  prevented  and 
that  tracer  already  bound  to  the  cells  rapidly  dissociates.   The  rate  of  dis- 
sociation appears  to  depend  upon  the  concentration  of  native  insulin  added, 
the  duration  of  the  association  period,  and  the  incubation  temperature.   A 
one  binding  site  mathematical  model  of  this  complex  process  cannot  satisfac- 
torily account  for  the  observed  results  although  the  degradation  portion  of 
this  model  does  appear  to  explain  the  decrease  in  tracer  association  with 
longer  incubation  periods  at  higher  temperatures.   A  two  site  mathematical 
model  of  insulin  binding  has,  however,  now  been  formulated  which  can  explain 
both  insulin  association  and  dissociation  at  a  given  insulin  concentration. 
This  model  permits  estimation  of  the  rate  constants  for  each  site  with  rea- 
sonable certainty,  as  well  as  the  proportion  of  the  total  number  of  sites  in 
each  class.   Nevertheless,  a  simple  two  site  model  cannot  account  for  the 
relationship  between  insulin  binding  and  insulin  concentration.   Two  vari- 
ations in  the  model  are,  therefore,  under  consideration:   one  in  which  the 
proportion  of  sites  in  each  class  varies  with  hormone  concentration,  and  one 
in  which  the  rate  constants  vary. 

The  complexity  of  ^25i_insulin's  interaction  with  the  isolated  rat 
adipose  cell  may,  in  part,  be  related  to  its  internalization.   Such  an  inter- 
nalization of  insulin  has  previously  been  observed  by  other  investigators. 
Internalization  of  the  insulin  receptor  itself,  however,  has  not  been 
established.   Since  insulin  stimulates  glucose  transport  in  this  cell  pri- 
marily through  a  rapid,  reversible,  and  concentration-dependent  translocation 
of  glucose  transport  systems  to  the  plasma  membrane  from  a  large  intra- 
cellular pool  associated  with  low-density  microsomal  membranes,  the  distri- 
bution of  insulin  receptors  between  the  plasma  and  low-density  microsomal 
membrane  fractions  has  been  examined  in  collaboration  with  Dr.  Ole  Sonne. 
Firstly,  incubation  of  adipose  cells  with  1  nM  ^^^j-insulin  causes  an  ac- 
cumulation of  ^25i_insulin  in  the  low-density  microsomes.   This  accumulation 
of  ^25i_insulin  is  inhibited  by  low  temperature  or  10  mM  KCN.   Secondly, 
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incubation  of  these  two  membrane  fractions  prepared  from  basal  cells  (ab- 
sence of  insulin)  gives  a  distribution  of  available  binding  sites  which  paral- 
lels that  of  the  plasma  membrane  marker  enzyme,  5 ' -nucleotidase.   On  exposure 
of  cells  to  insulin  (0-3.7  nM) ,  there  is  a  rapid  and  insulin  concentration- 
dependent  appearance  of  insulin  binding  sites  in  the  low-density  microsomal 
fraction.   However,  these  binding  sites  are  only  detectable  when  measured  in 
the  presence  of  detergent.   These  results  suggest  that  insulin  receptors  in 
the  isolated  rat  adipose  cell  are  internalized  in  response  to  insulin  from 
the  plasma  membrane  into  an  intracellular  pool  associated  with  the  same 
membrane  fraction  from  which  glucose  transport  systems  are  translocated  to 
the  plasma  membrane. 

Publications:   None 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  specific  D -glucose -inhibit able  cytochalasin  B^  binding  assay  for  quantita- 
ting  the  number  of  glucose  transport  systems  in  subcellular  membrane  fractions 
has  previously  been  used  to  demonstrate  that  insulin  stimulates  glucose  transport 
in  the  isolated  rat  adipose  cell  primarily  through  the  translocation  of  glucose 
transport  systems  from  a  large  intracellular  pool  to  the  plasma  membrane.   This 
intracellular  pool  is  associated  with  the  cell's  low-density  microsomal  mem- 
branes.  This  assay  has  now  been  used  to  demonstrate  that  this  translocation  pro- 
cess in  the  rat  adipose  cell  is  multi-stepped,  extremely  rapid,  completely  re- 
versible, and  insulin  concentration-dependent.   In  addition,  insulin  appears  to 
stimulate  glucose  transport  in  rat  diaphragm  and  the  isolated  human  adipose  cell 
through  this  same  translocation  mechanism.   Furthermore,  the  rat  adipose  cell's 
intracellular  glucose  transport  systems  appear  to  be  l) localized  in  either  a 
unique  subfraction  of  the  Golgi  apparatus  or  a  distinct  membrane  species,  2) 
immunologically  similar  to  the  human  erythrocyte  glucose  transporter  with  a 
MW  of  roughly  45,000  daltons,  and  3)  chemically  processed  during  their  cycling 
to  the  plasma  membrane  in  response  to  insulin. 


ZOl  AM  70502-03  CMO 

Objectives:   Insulin's  ability  to  stimulate  the  uptake  and  metabolism  of 
glucose  by  such  peripheral  tissues  as  muscle  and  adipose  tissue  has  long 
been  recognized  as  one  of  the  primary  mechanisms  through  which  this  hormone 
contributes  to  systemic  glucose  homeostasis  j^  vivo  in  both  man  and 
experimental  animal.   More  recently,  glucose  transport  activity  has  been 
implicated  as  the  rate  limiting  step  for  glucose  metabolism  in  the  adipose, 
and  probably  muscle,  cell  under  most  physiological  conditions.   The  entry 
of  glucose  into  the  adipose  cell  is  mediated  by  a  highly  specific  facili- 
tated diffusion  process.   Insulin's  stimulatory  action  on  glucose  uptake  and 
metabolism  in  this  cell  occurs,  in  turn,  primarily  through  an  increase  in 
the  maximum  transport  velocity,  either  by  increasing  the  mobility  of  pre- 
existing transport  systems  which  are  functional  in  the  absence  of  insulin, 
by  increasing  the  total  number  of  transport  systems  which  continue  to 
function  at  a  constant  mobility,  or  by  some  combination  of  the  two.   The 
overall  objective  of  the  present  investigation  is  to  characterize  the 
adipose  cell's  glucose  transporter  proteins  and  elucidate  the  process 
through  which  their  activities  are  modulated  by  insulin.   Previously,  a 
specific  D-glucose-inhibitable  equlibrium  ^H-cytochalasin  B  binding  assay 
has  been  developed  for  quantitating  the  number  of  glucose  transport  systems 
in  the  purified  plasma  membranes  of  isolated  rat  adipose  cells  and  used  to 
demonstrate  that  insulin  stimulates  glucose  transport  in  the  rat  adipose 
cell  primarily  by  increasing  the  number  of  functional  glucose  transport 
systems.   More  recently,  this  same  assay  has  been  used  to  identify  a  large 
intracellular  pool  of  glucose  transport  systems  associated  with  the  rat 
adipose  cell's  low-density  microsomal  membranes  and  to  demonstrate  that 
insulin  increases  the  number  of  glucose  transport  systems  in  the  cell's 
plasma  membrane  through  their  translocation  from  this  intracellular  pool. 
The  specific  objectives  for  the  current  year  have  been  to  l)  examine  the 
kinetics  of  this  translocation  process  in  the  rat  adipose  cell,  2)  determine 
if  a  similar  process  occurs  in  rat  muscle  and  the  human  adipose  cell,  and 
3)  initiate  an  investigation  of  the  mechanism  through  which  this  translocation 
occurs • 

Methods:   Isolated  rat  adipose  cells  were  prepared  by  incubating  the  whole 
epididymal  fat  pads  of  male  Sprague-Dawley  rats  weighing  150-200  g  with 
collagenase,  separating  the  liberated  adipose  cells  from  the  stromal -vascular 
elements  by  thorough  washing,  and  resuspending  the  washed  cells  as  a  stock 
cell  suspension.   Samples  of  adipose  cells  from  the  stock  cell  suspension 
were  then  incubated  for  varying  times  at  37°C  in  the  absence  or  presence  of 
0.7  or  7.0  nM  (100  or  1000  pU/ml)  insulin,  washed  in  a  tris,  EDTA,  sucrose 
buffer,  and  then  homogenized.   Various  membrane  fractions  were  collected 
using  well  established  differential  ultracentrifugation  and  sucrose  gradient 
techniques,  washed,  and  resuspended  in  homogenization  buffer. 

Isolated  h-oman  adipose  cells  were  prepared  in  a  similar  fashion  from 
samples  of  subcutaneous  and  omental  fat  obtained  from  random  patients  under- 
going elective  surgery.   Samples  of  human  adipose  cells  were  then  incubated 
and  various  membrane  fractions  collected  as  just  described  for  rat  adipose 
cells. 
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Rat  diaphragms  were  removed  from  125-150  g  Wistar  rats,  washed,  and 
incubated  for  30  minutes  at  3'^°C  in  the  absence  or  presence  of  2S0  nM 
(-10  m'J/ml)  insulin.   The  incubated  diaphragms  were  then  washed  in  a  tris, 
SDTA,  sucrose  buffer,  homogenized,  and  various  membrane  fractions  collected 
using  a  high  salt,  differential  ultracentrifugation  method  developed 
specifically  for  muscle. 

Equilibrium  cytochalasin  B  binding  was  measured  at  4°C  by  incubating 
membranes  in  the  presence  of  increasing  concentrations  of  ^H-cytochalasin  B 
up  to  2000  nM  and  unlabelled  cytochalasin  B  at  0  or  20  mM.    The  membranes 
were  separated  from  the  incubation  medium  by  centrifugation,  and  the  mem- 
brane pellet  and  incubation  medium  were  analyzed  for  bound  and  free  ^H-cyto- 
chalasin  B,  respectively.   Free  ^H-cytochalasin  3  trapped  in  the  membrane 
pellet  was  determined  using  U--'-' C -sue rose  . 

Results  and  Discussion:   Incubation  of  intact  isolated  rat  adipose  cells  with 
0.7  nM  (100  uU/ml)  insulin  at  37°C  rapidly  increases  the  number  of  D-glucose- 
inhibitable  cytochalasin  B-binding  sites  in  the  plasma  membrane  fraction 
from  10  to  55  praol  and  simultaneously  decreases  that  in  the  low-density  micro- 
somal membrane  fraction  from  95  to  34  pmol,  each  with  a  half-time  of  approxi- 
mately 2.5  min.   Further,  when  maximally  insulin-stimulated  intact  cells  are 
exposed  to  a  300-fold  excess  of  anti-insulin  antibody,  both  effects  of  in- 
sulin are  simultaneously  reversed  by  95?  over  a  30  min  period  with  half-times 
of  approximately  9  min.   The  concentrations  of  insulin  producing  half-maximal 
and  maximal  effects  are  approximately  0.11  nM  (l5  u'J/ml)  and  0.35  nM  (50  uU/ 
ml),  respectively.   The  patterns  of  these  reciprocal  effects  of  insulin  in 
time,  during  reversal,  and  with  increasing  hormone  concentration  are  highly 
correlated  (r  =  0.93)'   At  steady  state,  the  magnitude  of  insulin's  stimu- 
latory effect  on  the  number  of  D-glucose-inhibitable  cytochalasin  B-binding 
sites  in  the  plasma  membrane  fraction  closely  correlates  with  the  magnitude 
of  insulin's  stimulatory  action  on  3-0-methylglucose  transport  in  the  intact 
cell.   However,  during  the  onset  of  insulin's  action,  the  appearance  of 
cytochalasin  B  binding  sites  in  the  plasma  membrane  fraction  preceeds  the 
rise  in  3-0-methylgluco3e  transport  in  the  intact  cell  (half-time  of  4.0  min) 
by  approximately  1.5  min.   No  such  lag  is  observed  during  the  reversal  of 
insulin's  action.   These  results  directly  demonstrate  that  insulin  increases 
the  number  of  glucose  transport  systems  in  the  plasma  membrane  of  the  iso- 
lated rat  adipose  cell  through  a  rapid  and  reversible  translocation  of 
glucose  transport  systems  from  a  specific  intracellular  membrane  pool,   '/fliile 
this  translocation  of  glucose  transport  systems  to  the  plasma  membrane  fully 
accounts  for  the  magnitude  of  insulin's  stimulatory  action  on  glucose  trans- 
port activity  in  the  intact  cell,  it  appears  to  represent  only  one  step  in  a 
multi-step  process. 

In  collaboration  with  Dr.  Lawrence  J.  Wardzala,  cytochalasin  3  binding 
has  been  used  to  quantitate  the  number  of  glucose  transport  systems  in  plasma 
and  microsomal  membranes  prepared  from  intact  rat  diaphragm.   Ln  a  series  of 
three  experiments,  plasma  membranes  prepared  from  diaphragms  which  have  not 
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been  incubated  with  insulin,  bind  approximately  16  praol  of  cytochalasin  B/mg 
of  membrane  protein  to  the  D-glucose-inhibitable  binding  site.   If  280  nM 
(40,000  yU/ral)  insulin  is  present  during  the  incubation,  cytochalasin  3 
binding  to  the  plasma  membranes  is  increased  approximately  2-fold.   Xembranes 
in  the  microsomal  fraction  prepared  from  diaphragms  which  have  been  incu- 
bated for  30  min  in  the  absence  of  insulin  contain  21  pmol  of  C-glucose- 
inhibitable  cytochalasin  B  binding  aites/mg  of  membrane  protein.   However, 
in  the  presence  of  insulin  during  the  incubation  period,  the  number  of  these 
sites  in  the  microsomal  fraction  is  decreased  to  12  praol/mg  of  membrane 
protein.   These  results  suggest  that  insulin  stimulates  glucose  transport  in 
the  isolated  rat  diaphragm  primarily  through  a  translocation  of  glucose 
transport  systems  from  an  intracellular  membrane  pool  to  the  plasma  membrane 
similar  to  that  observed  in  rat  adipose  cells,  and  suggest  that  this  mechanism 
of  insulin-stimulated  glucose  transport  activity  may  be  general  to  other 
cell  types. 

In  a  preliminary  series  of  experiments  in  collaboration  with  Dr.  James 
E.  Foley,  plasma,  high-density  microsomal,  and  low-density  microsomal  mem- 
brane fractions  have  been  prepared  from  isolated  human  adipose  cells  following 
their  incubation  in  the  absence  or  presence  of  7.0  nM  (lOOO  yUml)  insulin. 
In  the  basal  state,  the  plasma  and  low-density  microsomal  membranes  from 
these  human  cells  contain  approximately  2  and  19  pmol  of  D-glucose-inhibitable 
cytochalasin  B  binding  sites/mg  of  membrane  protein,  respectively.   Ln  the 
maximally  insulin-stimulated  state,  on  the  other  hand,  the  number  of  such 
sites  in  the  plasma  membrane  fraction  is  increased  roughly  2.5-fold  while 
that  in  the  low-density  microsomal  membrane  fraction  is  decreased  by  roughly 
50^.   Insulin  enhances  3-O-methylglucose  transport  in  the  intact  cell  3-5- 
fold.   Thus,  insulin  also  appears  to  stimulate  glucose  transport  in  the 
human  adipose  cell  through  the  translocation  of  glucose  transport  systems 
from  an  intracellular  pool  to  the  plasma  membrane.   Quantitatively,  the 
human  adipose  cell  is  similar  to  the  enlarged  adipose  cell  of  the  aged, 
obese  rat. 

In  collaboration  with  Drs .  Peter  C.  Hinkle,  Thomas  J.  Wheeler,  and 
David  C.  Sogin,  the  cytochalasin  B  binding  assay  and  a  rabbit  IgG  prepared 
against  the  purified  human  erythrocyte  glucose  transporter  have  been  used  to 
further  characterize  the  intracellular  pool  of  glucose  transport  systems  and 
this  translocation  process  in  isolated  rat  adipose  cells.   When  membrane 
fractions  are  prepared  from  cells  incubated  without  insulin,  roughly  90.>  of 
the  cells'  total  glucose  transport  systems  measured  by  cytochalasin  B  binding 
are  found  in  the  low-density  microsomal  fraction.   However,  while  galacto- 
syltransferase  activity,  a  Golgi  enzyme  marker,  is  enriched  in  the  low-density 
microsomal  membrane  fraction,  its  distribution  over  all  fractions  does  not 
parallel  that  of  the  glucose  transport  systems.   In  response  to  msulm, 
roughly  50^  of  the  intracellular  glucose  transport  systems  are  translocated 
to  the  Dlasma  membrane  fraction  without  a  corresponding  redistribution  of 
enzyme  mrker  activities.   In  the  plasma  membrane  fraction  prepared  from 
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basal  and  insulin -stimulated  cells,  the  Kd  of  the  glucose  transport  systems 
for  cytochalasin  3  is  98^10  nM.   In  contrast,  the  Kd  of  intracellular  glucose 
transport  systems  is  141+_15  nM  in  the  basal  state  and  decreases  to  that  ob- 
sei"/ed  in  the  plasna  nenbrane  fraction  in  response  to  insulin.   The  subcellula: 
distribution  of  glucose  transport  systems  and  their  insulin-stimulated 
redistribution  have  been  confirmed  qualitatively  using  an  electrophoretic 
gel  transfer  technique,  a  rabbit  IgG  prepared  against  the  purified  human 
erythrocyte  glucose  transporter,  and  ■'■^^i-protein  A  and  autoradiography. 
A  major  band  of  45,000  MV  is  revealed  in  both  the  plasma  and  low-density 
microsomal  membrane  fractions,  its  intensity  varying  according  to  the  concen- 
tration of  glucose  transport  systems  as  determined  by  cytochalasin  B  binding. 
Thus,  the  rat  ad pose  cell's  intracellular  glucose  transport  systems  appear 
to  be  l)  localized  in  either  a  unique  subfraction  of  the  Ckilgi  apparatus  or 
a  distinct  membrane  species,  2)  immunologically  similar  to  the  human  erythro- 
cyte glucose  transporter,  and  3)  chemically  processed  during  their  cycling 
to  the  plasma  membrane  in  response  to  insulin. 
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Objectives:   Increasing  adipose  cell  size  in  the  aging  male  Sprague-Dawley 
rat  model  of  obesity  is  accompanied  by  alterations  in  adipose  cellular 
metabolic  function  in  vitro  which  parallel  those  observed  in  haiian  adipose 
cells  in  vitro  in  both  spontaneous  and  experimental  obesity,  as  well  as  the 
alteratTons  in  systemic  glucose  and  lipid  metabolism  accompanying  obesity  in 
man  and  the  aging  rat.   The  overall  objective  of  the  present  i-vestigation  is 
to  describe  these  alterations  in  rat  adipose  cell  function  in  detail  and  to 
elucidate  the  mechanisms  responsible  for  these  alterations.   Since  previous 
investigations  have  demonstrated  that  insulin  appears  to  stimulate  glucose 
transport  activity  in  the  rat  adipose  cell  by  triggering  a  rapid  and  re- 
versible translocation  of  glucose  transport  systems  from  an  intracellular 
pool  to  the  plasma  membrane,  the  specific  objective  for  the  current  year  has 
been  to  examine  the  subcellular  distribution  of  glucose  transport  systems  in 
the  enlarged  adipose  cells  of  aged,  obese  rats  in  relation  to  glucose  trans- 
port activity  in  the  intact  cell. 

Methods:   Small  and  large  isolated  adipose  cells  were  prepared  by  incubating 
the  whole  epididymal  fat  pads  of  young,  lean  and  old,  obese  male  Sprague- 
Dawley  rats  with  collagenase,  separating  the  liberated  adipose  cells  from  the 
stromal -vascular  elements  by  thorough  washing,  and  resuspending  the  washed 
cells  as  a  stock  cell  suspension.   Adipose  cell  size  and  concentration  in  the 
stock  cell  suspension  were  determined  using  an  osmic  acid  fixation.  Coulter 
Electronic  Counter  method. 

The  number  of  glucose  transport  systems  was  then  determined  by  measuring 
D-glucose-inhibitable  equilibrium  ^H-cytochalasin  B  binding  to  the  plasma, 
high-density  microsomal,  and  low-density  microsomal  membrane  fractions  pre- 
pared from  samples  of  the  isolated  adipose  cells  which  were  first  incubated 
for  30  minutes  in  the  absence  or  presence  of  7  nM  (lOOO  pU/ml)  insulin. 
Scatchard  analysis  of  6  point  cytochalasin  B  binding  isotherms  in  the  absence 
or  presence  of  500  mM  D-glucose  permits  quantitation  of  the  number  of  specific 
cytochalasin  B  binding  sites  in  the  class  of  sites  which  has  been  identified 
as  the  glucose  transport  system.   Differences  in  the  number  of  these  sites 
between  the  small  and  large  cells  were  also  compared  to  differences  in 
glucose  transport  activity  in  the  same  preparations  of  cells  by  estimating 
the  latter  with  a  -'•'^C-L-arabinose  uptake  technique. 

Results  and  Discussion:   Basal  glucose  transport  activity  increases  from  0.3 
to  1.4  fmol/cell/min  with  a  10-fold  increase  in  cell  size,  but  remains 
constant  per  unit  cellular  surface  area  and  is  accompanied  by  a  constant  5 
pmol  of  glucose  transport  systems/mg  of  membrane  protein  in  the  plasma 
membrane  fraction.   Maximally  insulin-stimulated  glucose  transport  activity, 
on  the  other  hand,  remains  constant  at  2.3  fmol/cell/min  with  increasing  cell 
size,  but  markedly  decreases  per  unit  cellular  surface  area  and  is  accompanied 
by  a  decrease  from  30  pmol  of  glucose  transport  systems/mg  of  plasma  membrane 
protein  to  the  basal  level.   These  diminished  effects  of  insulin  on  glucose 
transport  activity  and  the  number  of  glucose  transport  systems  in  the  plasma 
membrane  fraction  in  enlarged  cells  are  paralleled  by  an  SCl  decrease  in  the 
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basal  number  of  glucose  transport  systems/mg  of  membrane  protein  in  the  low- 
density  microsomal  membrane  fraction,  the  source  of  those  glucose  transport 
systems  appearing  in  the  plasma  membrane  in  response  to  insulin-   These 
alterations  occur  without  significant  changes  in  the  membrane  species  com- 
prising those  fractions  examined  here,  as  reflected  in  the  distributions  of 
marker  enzyme  activities.   The  effecta  of  cell  size  on  the  metabolism  of  a 
low  concentration  of  l-l'^C-glucose  (O.56  mM)  directly  parallel  those  on 
glucose  transport  activity  and  the  concentration  of  glucose  transport  systems 
in  the  plasma  membrane  fraction,  and  are  not  associated  with  significant 
alterations  in  the  cell's  sensitivity  to  insulin. 

Although  the  "insulin  resistance"  of  the  enlarged  adipose  cell  in  the 
aging  rat  model  of  obesity  is  well  established,  the  mechanisms  responsible 
are  not  fully  understood.   The  present  investigations  suggest  that  l)  a 
primary  locus  of  this  resistance  to  insulin  resides  at  the  glucose  transport 
level,  and  2)    insulin  resistance  at  the  glucose  transport  level  can  be  ex- 
plained by  a  marked  decrease  in  the  number  of  glucose  transport  systems  ap- 
pearing in  the  plasma  membrane  in  response  to  insulin  as  the  consequence  of 
a  relative  depletion  of  these  glucose  transport  systems  in  the  cell's  intra- 
cellular pool. 

Publications : 

Cushman,  S.W.,  D.  Noda,  and  L.B.  Salans .   Adipose  cell  size-function  relation- 
ships:  insulin  binding  and  degradation.   Amer.  J.  Physiol.  240:S166-3174, 
1981. 

Cushman,  S.W.,  P.J.  Hissin,  L.J.  Wardzala,  J.E.  Foley,  I. A.  Simpson,  E. 
Karnieli,  and  L.B.  Salans.   Mechanism  of  insulin  resistance  in  the  adipose 
cell  in  the  aging  rat  model  of  obesity.   Biochem.  Soc.  Trans.,  in  press,  1981. 
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glucose  transport  by  triggering  a  rapid  and  reversible  translocation  of  glucose 
transport  systems  from  a  large  intracellular  pool  to  the  plasma  membrane,  the  ef- 


fects of  high  fat: low  carbohydrate  feeding  on  this  pool  and  the  translocation 
process  in  the  isolated  rat  adipose  cell  have  been  examined.   With  high  fat:low 
carbohydrate  feeding,  insulin's  ability  to  stimulate  3-0-methylglucose  transport 
in  intact  cells  and  to  increase  the  concentration  of  glucose  transport  systems 
in  the  plasma  membrane  fraction  prepared  from  these  cells  is  decreased  by  35% 
and  Al%,    respectively.   At  the  same  time,  the  basal  concentration  of  glucose 
transport  systems  in  the  low-density  microsomal  membrane  fraction  prepared  from 
cells  of  the  high  fat: low  carbohydrate-fed  rats  is  decreased  by  M%.      Thus,  the 
reduced  glucose  transport  response  of  the  rat  adipose  cell  to  insulin  with  high 
fat: low  carbohydrate  feeding  appears  to  be  the  consequence  of  a  relative  deple- 
tion of  glucose  transport  systems  in  the  intracellular  pool. 
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Objectives:   Variations  in  the  ratio  of  dietary  carbohydrate  to  fat  in  young, 
lean  Sprague-Sawley  rats  are  accompanied  by  alterations  in  adipose  cellular 
metabolic  f'-inction  ^Jl  vitro  which  parallel  those  observed  in  h'jjnan  adipose 
cells  in  vitro,  as  well  as  the  alterations  in  systemic  glucose  ani  lipid 
metabolism  in  vivo  accompanying  such  manipulations  of  dietary  composition  in 
both  man  and  rat.   In  addition,  many  of  the  alterations,  at  both  the  systemic 
and  cellular  levels,  produced  by  decreasing  ratios  of  dietary  carbohydrate 
to  fat  parallel  those  observed  with  increasing  adipose  cell  size  in  both 
spontaneous  and  experimental  obesity  in  man  and  in  the  aging  male  Sprague- 
Dawley  rat  model  of  obesity.   The  overall  objective  of  the  present  investi- 
gation is  to  describe  these  dietary -induced  alterations  in  rat  adipose  cell 
function  in  detail,  to  relate  these  alterations  to  those  observed  in  the 
aging  Sprague-Dawley  rat,  and  to  elucidate  the  mechanisms  through  which  the 
multiple  variables  represented  by  these  diverse  models  interact  in  regulating 
net  adipose  cellular  metabolic  activity.   Since  previous  investigations  have 
demonstrated  that  insulin  appears  to  stimulate  glucose  transport  activity  in 
the  rat  adipose  cell  by  triggering  a  rapid  and  reversible  translocation  of 
glucose  transport  systems  from  an  intracellular  pool  to  the  plasma  membrane, 
the  specific  objective  for  the  current  year  has  been  to  examine  the  subcel- 
lular distribution  of  glucose  transport  systems  in  the  adipose  cells  of  young, 
lean  rats  raised  on  either  a  high  carbohydrate: low  fat  or  a  high  fat: low 
carbohydrate  diet.   The  glucose  transport  response  to  insulin  is  markedly 
diminished  in  the  latter,  relative  to  the  former. 

Methods:   Weanling  rats  were  raised  for  three  weeks  on  one  of  two  experimental 
diets  of  equioaloric  density  containing  either  a  high  (71^:9^)  or  a  low  (30%: 
50^)  ratio  (by  calories)  of  carbohydrate  to  fat.   The  protein  content  of  the 
diets  was  maintained  at  a  constant  20!?.   Isolated  adipose  cells  were  then 
prepared  from  these  rats  by  incubating  the  whole  epididyraal  fat  pads  with 
collagenase,  separating  the  liberated  adipose  cells  from  the  stromal -vascular 
elements  by  thorough  washing,  and  resuspending  the  washed  cells  as  a  stock 
cell  suspension.   Adipose  cell  size  and  concentration  in  the  stock  cell 
suspension  were  determined  using  an  osmic  acid  fixation.  Coulter  Electronic 
Counter  method. 

The  number  of  glucose  transport  systems  was  then  determined  by  measuring 
D-glucose-inhibitable  equilibrium  ^H-cytochalasin  B  binding  to  the  plasma, 
high-density  microsomal,  and  low-density  microsomal  membrane  fractions  pre- 
pared from  samples  of  the  isolated  adipose  cells  which  were  first  incubated 
for  15  minutes  in  the  absence  or  presence  of  7  nM  (lOOOu  U/ml)  insulin. 
Scatchard  analysis  of  6  point  cytochalasin  B  binding  isotherms  in  the  ab- 
sence or  presence  of  500  mM  D-glucose  permits  quantitation  of   the  number  of 
specific  cytochalasin  B  binding  sites  in  a  class  of  sites  which  has  been 
identified  as  the  glucose  transport  system.   Alterations  in  the  number  of 
these  sites  with  altered  dietary  composition  were  also  compared  to  altera- 
tions in  glucose  transport  activity  in  the  same  preparations  of  cells  by 
estimating  the  latter  with  a  ^^C-3-O-methylglucose  uptake  technique  in  ad- 
ditional samples  of  cells  from  the  same  stock  cell  suspensions. 
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Results  and  Discussion:   Basal  glucose  transport  activity  is  decreased  from 
0.37  to  0.19  fmol/cell/min  in  cells  from  rats  raised  on  the  high  fat: low 
carbohydrate  diet  compared  to  the  high  carbohydrate : low  fat  diet,  but  is 
accompanied  by  a  constant  10  pmol  of  glucose  transport  systems/mg  of  membrane 
protein  in  the  plasma  membrane  fraction.   Maximally  insulin -stimulated 
glucose  transport  activity  is  decreased  from  4-63  to  2.10  fmol/cell/min, 
and  is  accompaniedd  by  a  decrease  from  44  to  26  pmol  of  glucose  transport 
systems/mg  of  plasma  membrane  protein.   The  diminished  effects  of  insulin 
on  glucose  transport  activity  in  the  intact  cell  and  the  concentration  of 
glucose  transport  systems  in  the  plasma  membrane  fraction  are  paralleled 
by  a  47^  decrease  in  the  basal  number  of  glucose  transport  systeras/mg  of 
membrane  protein  in  the  low-density  microsomal  membrane  fraction. 

The  results  of  these  investigations  demonstrate  that  the  isolated  rat 
adipose  cell's  resistance  to  insulin  at  the  glucose  transport  level  with 
high  fat:low  carbohydrate  feeding  is  accompanied  by  l)  a  markedly  diminished 
stimulatory  effect  of  insulin  on  the  concentration  of  glucose  transport  systems 
in  the  plasma  membrane  fraction,  closely  paralleling  the  markedly  decreased 
stimulatory  effect  of  insulin  on  3-0-methylglucose  transport  in  the  intact 
cell,  and  2)  a  marked  reduction  in  the  basal  concentration  of  glucose  trans- 
port systems  in  the  low-density  microsomal  membrane  fraction,  the  cell's 
intracellular  pool  from  which  glucose  transport  systems  are  translocated  to 
the  plasma  membrane.   These  alerations  occur  without  significant  changes  in 
the  membrane  species  comprising  those  fractions  examined  here,  as  reflected 
in  the  distribution  of  marker  enzyme  activities.   Thus,  the  "insulin  resistant" 
glucose  transport  of  the  rat  adipose  cell  with  high  fat: low  carbohydrate 
feeding  can  be  explained  by  a  decrease  in  the  number  of  glucose  transport 
systems  appearing  in  the  plasma  membrane  in  response  to  insulin  as  the  con- 
sequence of  a  depletion  of  these  glucose  transport  systems  in  the  cell's 
intracellular  pool. 

Publication: 

Salans,  L.B.,  J.E.  Foley,  L.J.  Wardzala,  and  S.W.  Cushraan.   Effects  of 
dietary  composition  on  glucose  metabolism  in  rat  adipose  cells.   Amer.  J. 
Physiol.  240:E175-E1S3,  1981. 
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SUMMARY  OF  WORK  (200  words  or  Less  -  underline  keywords) 

The  3t re ptozotcoin -induced  diabetic  rat  model  of  insulin -dependent  diabetes 
mellitus  is  associated  with  a  marked  reduction  in  insulin's  ability  to  stimulate 
glucose  transport  in  the  isolated  adipose  cell.   Since  insulin  appears  to  en- 


hance glucose  transport  by  triggering  a  rapid  and  reversible  translocation  of 
glucose  transport  systems  from  a  large  intracellular  pool  to  the  plasma  membrane, 


the  effects  of  streptozotocin-induced  diabetes  on  this  pool  and  the  transloca- 
tion process  in  the  isolated  adipose  cell  have  been  examined.   With  the  induc- 
tion of  diabetes,  insulin's  ability  to  stimulate  3-0-methylglucose  transport  in 
intact  cells  and  to  increase  the  concentration  of  glucose  transport  systems  in 
the  plasma  membrane  fraction  prepared  from  these  cells  is  decreased  by  55'?  and 
40"?,  respectively.   At  the  same  time,  the  basal  concentration  of  glucose  trans- 
port systems  in  the  low-density  microsomal  membrane  fraction  prepared  from  cells 
of  the  diabetic  animals  is  decreased  by  A5%-      Thus,  the  reduced  glucose  transport 
response  of  the  adipose  cell  to  insulin  in  the  streptozotocin-induced  diabetic 
rat  appears  to  be  the  consequence  of  a  relative  depletion  of  glucose  transport 
systems  in  the  intracellular  pool. 
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Objectives:   The  adipose  cell  in  the  streptozotocin-induced  diabetic  rat 
model  of  insulin-dependent  diabetes  mellitus  is  characterized  by  alterations 
in  adipose  cellular  metabolic  function  in^  vitro  which  parallel  those  observed 
in  human  adipose  cells  in  vitro  in  this  pathophysiological  state,  as  well  as 
the  alterations  in  systemic  glucose  and  lipid  metabolism  accompanying  insulin- 
dependent  diabetes  mellitus  in  man  and  the  streptozotocin-induced  diabetic 
rat.   The  overall  objective  of  the  present  investigation  is  to  describe  these 
alterations  in  rat  adipose  cell  function  in  detail  and  to  elucidate  the 
mechanisms  responsible  for  these  alterations.   Since  previous  investigations 
have  demonstrated  that  insulin  appears  to  stimulate  glucose  transport 
activity  in  the  rat  adipose  cell  by  triggering  a  rapid  and  reversible  trans- 
location of  glucose  transport  systems  from  an  intracellular  pool  to  the 
plasma  membrane,  the  specific  objective  for  the  current  year  has  been  to 
examine  the  subcellular  distribution  of  glucose  transport  systems  in  the 
adipose  cells  of  streptozotocin-induced  diabetic  rats  where  the  glucose 
transport  response  to  insulin  is  markedly  diminished. 

'lethods:   Streptozotocin-diabetic  and  control  rats  were  obtained  by  intra- 
venously injecting  150-200  g  male  Sprague-Dawley  rats  with  either  a  freshly 
prepared  solution  of  streptozotocin  in  0.1  mM  citrate  buffer,  65  mg/kg  body 
weight,  or  buffer  alone,  respectively,  seven  days  prior  to  sacrifice.   Iso- 
lated adipose  cells  were  then  prepared  from  these  rats  by  incubating  the 
whole  epididymal  fat  pads  with  collagenase,  separating  the  liberated  adipose 
cells  from  the  stromal-vascular  elements  by  thorough  washing,  and  resuspending 
the  washed  cells  as  a  stock  cell  suspension.   Adipose  cell  size  and  concen- 
tration in  the  stock  cell  suspension  were  determined  using  an  osmic  acid 
fixation,  Coulter  Electronic  Counter  method. 

The  number  of  glucose  transport  systems  was  then  determined  by  measur- 
ing D-glucose-inhibitable  equilibrium  ^H-cytochalasin  B  binding  to  the  plasma, 
high-density  microsomal,  and  low-density  microsomal  membrane  fractions  of  the 
isolated  adipose  cells  which  were  first  incubated  for  15  minutes  in  the  ab- 
sence or  presence  of  7  nM  (lOOO  MU/ml)  insulin.   Scatchard  analysis  of  6 
point  cytochalasin  B  binding  isotherms  in  the  absence  or  presence  of  500  mM 
D-gluGOse  permits  quantitation  of  the  number  of  specific  cytochalasin  B  binding 
sites  in  a  class  of  sites  which  has  been  identified  as  the  glucose  transport 
system.   Alterations  in  the  number  of  these  sites  with  streptozotocin-induced 
diabetes  were  also  compared  to  alterations  in  glucose  transport  activity  in 
the  same  preparations  of  cells  by  estimating  the  latter  with  a  l''-C-3-0-methyl- 
glucose  uptake  technique  in  additional  samples  of  cells  from  the  same  stock 
cell  suspensions. 

Results  and  Discussion:   Basal  glucose  transport  activity  decreases  from  0.19 
to  0.12  fmol/cell/min  with  the  induction  of  diabetes,  but  remains  constant 
per  unit  cellular  surface  area  and  is  accompanied  by  a  constant  6  pmol  of 
glucose  transport  systems/mg  of  membrane  protein  in  the  plasma  membrane 
fraction.   Maximally  insulin-stimulated  glucose  transport  activity  decreases 
from  3  16  to  1.05  fmol/cell/min  and  from  0.26  to  0.12  amol/ym^/min,  and  is 
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accompanied  by  a  decrease  from  25  to  15  pmol  of  glucose  transport  systems/mg 
of  plasma  membrane  protein.   These  diminished  effects  of  insulin  on  glucose 
transport  activity  and  the  concentration  of  glucose  transport  systems  in  the 
plasma  membrane  fraction  are  paralleled  by  a  45*?  decrease  in  the  basal  number 
of  glucose  transport  systems/mg  of  membrane  protein  in  the  lov-density  mioro- 
sonal  "ner/orane  fraction. 

The  results  of  these  investigations  demonstrate  tha^  the  isolated  adipose 
cell's  resistance  to  insulin  at  the  glucose  transport  level  in  the  streptozo- 
tocin-induced  diabetic  rat  is  accompanied  by  l)  a  markedly  diminished  stimu- 
latory effect  of  insulin  on  the  concentration  of  glucose  transport  systems  in 
the  plamsa  membrane  fraction,  closely  paralleling  the  markedly  decreased 
stimulatory  effect  of  insulin  on  3-0-methylglucose  transport  in  the  intact 
cell  expressed  per  unit  cellular  surface  area,  and  2)  a  marked  reduction  in 
the  basal  concentration  of  glucose  transport  systems  in  the  low-density 
microsomal  membrane  fraction,  the  cell's  intracellular  pool  from  which 
glucose  transport  systems  are  translocated  to  the  plasma  membrane.   These 
alterations  occur  without  significant  changes  in  the  membrane  speices  com- 
prising those  fra::tions  examined  here,  as  reflected  in  the  distributions  of 
marker  enzyme  activities.   Thus,  the  "insulin  resistant"  glucose  transport  of 
the  adipose  cell  in  this  animal  model  of  insuin-dependent  diabetes  mellitus 
can  be  explained  by  a  decrease  in  the  number  of  glucose  transport  systems 
appearing  in  the  plasma  membrane  in  response  to  insulin  as  the  consequence 
of  a  depletion  of  these  glucose  transport  systems  in  the  cell's  intracellular 
pool. 

p-jblications: 

Varnieli,  E. ,  ^.J.  Kissin,  I. A.  Simpson,  L.B.  Salans ,  and  S.W.  Cushman. 
A  possible  mechanism  of  insulin  resistance  in  the  rat  adipose  cell  in 
streptozotocin-induced  diabetes  mellitus:   depeletion  of  intracellular 
glucose  transport  systems.   J.  Clin.  Invest . ,  in  press,  1931. 
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ANNUAL  REPORT 

OFFICE  OF  SCIEIOTIFIC  AND  TECHNICAL  REPORTS 

The  Office  of  Scientific  and  Technical  Reports  (OSTR)  prepares, 
produces  and  disseminates  information  about  the  varied  research  and 
priTgra^n  activities  of  the  National  Institute  of  Arthritis,  Diabetes, 
and  Digestive  and  Kidney  Diseases  (NIADDK).  This  information  takes 
many  forms:  brochures,  pairphlets,  fact  sheets,  background  papers, 
■announcements,  news  releases,  reports  to  the  Congress,  responses  to 
public  and  congressional  inquiries,  exhibits  at  scientific  meetings, 
and  importantly,  contact  with  print  and  broadcast  media  representatives. 

Formerly  known  as  the  National  Institute  of  Arthritis,  Metabolism, 
and  Digestive  Diseases,  the  Institute  was  renamed  in  Title  II  of  the 
Health  Programs  Extension  Act  of  1980  (P.L.  96-538).  The  announcement 
of  the  name  change  was  made  following  publication  of  a  notice  in  the 
Federal  Register  on  June  23,  1981.  The  new  name  more  accurately  reflects 
the  major  extramural  research  programs  of  the  Institute:  Arthritis, 
Musculoskeletal  and  Skin  Diseases  Program;  Diabetes,  Endocrine  and 
Metabolic  Diseases  Program;  Digestive  Diseases  and  Nutrition  Program; 
and  Kidney,  Urologic  and  Blood  Diseases  Program. 

Information  responsibilities  are  divided  along  these  lines,  with 
an  information  specialist  designated  to  cover  the  activities  of  each 
research  area.  A  major  vacancy  in  arthritis  information  was  filled  in 
DaceiTilDer  1980  giving  coverage  to  this  major  area  of  Institute  respf:)nsibility. 
Reporting  on  the  Intramural  Research  Program,  with  the  exception  of  the 
Diabetes  Branch,  has  been  assigned  to  a  writer-editor,  who  is  also  correspondent 
for  The  NIH  Record.  Coverage  of  research  on  systemic  lupus  erythematosus 
was  emphasized  by  assigning  an  editorial  assistant  to  that  subject  as 
part  of  the  special  STRIDE  training  program.  The  exhibits  program, 
undergoing  substantial  re-evaluation  in  preparation  for  1982,  is  managed 
by  an  editorial  assistant. 

Organizational  changes  in  the  Institute  in  the  past  year  resulted 
in  expansion  of  OSTR  to  include  professional  and  technical  information 
responsibilities  in  addition  to  public  information  activities.  Two 
members  of  the  former  Scientific  Communications  Office  were  reassigned 
to  OSTR:  a  technical  information  specialist,  who  is  also  the  Institute 
MEDLINE  Coordinator,  and  an  editorial  assistant  for  technical  publications. 
Support  staff  include  one  secretary  and  one  public  inquiries  clerk. 
OSTR  also  provided  training  assignments  to  two  interns  in  support  of 
public  information  goals  at  NIH. 

PUBLICATIONS  PROGRAM 

During  fiscal  year  1981,  OSTR  continued  its  "series"  approach  to  the 
publications  program.  A  unified  graphic  design  was  used  in  each  of  four 
series  of  publications:  brochures,  pamphlets,  fact  sheets  and  reports. 
Approximately  70,000  publications  were  distributed  to  the  public  from 
July  1980  to  July  1981. 


1235 


Reports  on  arrtliritis  included  the  Fourth  Annual  Report  of  the  Director 
on  the  Arthritis  Program  and  NIADDK  1981;  Arthritis  and  Related  Rheumatic 
Disorders.  A  new  brochure  on  artiiritis  has  been  completed  and  is  currently 
in  press.  A  pamphlet  entitled  \<Ihat  You  Should  Know  about  Vitiligo  was 
pr-->Juc3(i  aa'i   distributed  to  tie  lay  public. 

A  special  report,  1981  Diabetes  riellitus:  Trans-NIH  Research,  was 
published  to  highlight  research  advances  over  the  past  year.  A  Report 
of  NIH  Diabetes  Mellitus  Coordinating  Committee  was  produced  by  NIADDK 
to  highlight  programmatic  initiatives  in  diabetes.  A  fact  sheet. 
Diabetes;  An  Overview,  summarized  research  advances  and  legislation 
that  have   led  to  more  effective  treatment  and  control  of  this  major  health 
problem. 

New  publications  on  cystic  fibrosis  included  NIADDK  1981;  Cystic 
Fibrosis,  a  report  on  research  advances  in  the  field,  and  Cystic  Fibrosis; 
The  Puzzle  and  the  Promise,  a  paiTiphlet  describing  the  nature  and  treatr^ent 
of  the  disorder. 

In  the  digestive  diseases  area,  l"Jhat  is  Pancreatitis?,  a  fact  sheet, 
was  produced.  A  report  on  research  advances,  NIADDK  1981;  Digestive 
Diseases,  was  published  for  distribution  at  scientific  meetings.  The 
pamphlet  Peptic  Ulcer  won  an  Award  of  Achievement  from  the  Society  for 
Technical  Communication  in  January  1981. 

Ros>^.rch  r.-is.ilts  v/ere  published  in  the  report  NIADDK  1981:  Kidney 
and  Urinary  Tract  Diseases  and  Treatment.  This  report  and  a  new  pamphlet. 
Understanding  Urinary  Tract  Infection,  were  among  tiie  publications 
distributed  at  major  medical  and  scientific  meetings.  A  fact  sheet. 
Continuous  Ambulatory  Peritoneal  Dialysis,  was  also  produced  and  later 
reprinteti  by  the  NIH  News  and  Features. 

In  the  past  year,  OSTR  coordinated  its  information  activities 
with  the  congress ionally  mandated  Arthritis  Information  Clearinghouse, 
National  Diabetes  Information  Clearinghouse,  and  National  Digestive 
Diseases  Education  and  Information  Clearinghouse,  each  of  which  serves 
as  a  distribution  arm  for  publications  in  their  respective  research  areas. 

CONGRESSIONAL  INQUIRIES 

The  Office  of  Scientific  and  Technical  Reports  handles  constituent 
correspondence  referred  from  the  Congress  and  the  White  House.  Because 
of  active  public  interest  in  a  wide-ranging  number  of  subject  areas  with- 
in its  research  purview,  NIADDK  receives  a  large  volume  of  these  requests. 

During  the  period  July  1980  through  May  1981,  OSTR  prepared  234 
written  responses  to  inquiries  from  Senators,  Congressmen,  the  Secretary, 
of  D[1HS,  and  the  White  House,  an  increase  of  78  over  the  previous  year. 
The  OSTR  also  received  530  telephone  inquiries  from  congressional  staff 
members . 
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Most  congressional  inquiries  concern  the  funding  of  individual  grants 
and  specific  research  programs;  lobbying  efforts  of  numerous  voluntary  health 
agencies;  proposed  "cures"  for  various  ailments;  the  federal  funding  status 
of  a  particular  research  area;  requests  from  constituents  for  financial 
assistance;  and  requests  for  information  from  ill  constituents,  their 
families,  and  friends. 

PUBLIC  INQUIRIES 

A  significant  portion  of  the  U.S.  public  is  directly  concerned  with 
the  disease  areas  under  investigation  by  NIADDK.  An  estimated  60  million 
people  in  the  United  States  are  victims  of  arthritis,  diabetes  and  diges- 
tive diseases  alone.  During  the  period  July  1980  through  May  1981,  OSTR 
received  approximately  4,598  telephone  inquiries  from  patients,  their 
relatives  and  friends,  students,  allied  health  professionals,  physicians 
and  scientists.  In  addition,  320  letters  were  written  in  response  to 
public  inquiries,  exclusive  of  requests  for  publications  or  congressional 
inquiries,  an  increase  of  30  percent  more   than  in  1979-80. 

Requests  for  information  dealt  with  questions  about  controversial 
forms  of  therapy,  how  to  become  a  patient  in  an  NIADDK  research  study, 
financial  aid,  physician  referral,  accepted  diagnosis  and  treatment 
procedures,  proposed  "cures"  for  certain  diseases,  and  NIADDK  research 
grant  and  contract  programs. 

PRESS  ACTIVITIES 

Contact  with  representatives  of  print  media  is  an  integral  part  of 
OSTR's  public  information  program.  In  support  of  the  established  policy 
to  publicize' NIADDK 's  programs  and  activities,  OSTR  reaches  a  variety  of 
media  outlets  through  personal  contact  and  distribution  of  news  releases 
and  announcements. 

Two  articles  on  osteoporosis,  "Avoiding  Brittle  Bones,"  Better 
Homes  and  Gardens,  August  1980,  and  "Your  Bones—Stop  Stan/ing  Them," 
Self,  May  1981,  featured  remarks  by  Dr.  G.  Donald  Whedon. 

Lynn  Lamberg  of  Better  Homes  and  Gardens  won  the  Arthritis 
Foundation's  1980  press  award  for  an  article  on  arthritis  prepared  with 
assistance  from  OSTR  staff. 

An  article  on  apheresis,  an  experimental  technique  used  to  treat 
rheumatoid  arthritis  and  other  disorders,  was  the  cover  story  of  the 
June  8  1981,  issue  of  Medical  World  News.  Arthritis  and  Rheumatism 
Branch 'chief  Dr.  John  Decker  was  quoted  m  the  article,  entitled  "New 
Blood-Washing  Therapy." 

The  Washington  Post  column  "Health  Talk"  featured  an  interview  about 
systemic  lupus  erythematosus  with  Dr.  I^^^ence  E.  Shulman.  Tne  story 
was  arranged  by  OSTR  staff  member  Mrs.  Barbara  Weldon. 

A  major  article  on  Kawasaki's  disease,  referencing  NIADDK  grantees, 
appeared  in  the  June  6,  1981  issue  of  the  Washington  Post. 
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Dr.  Laurence  H.  Miller  was  the  subject  of  an  interview  in  U.S.  Ne\vs 
and  tvorld  Report  on  June  22,  1981,  entitled  "How  to  Save  your  Skin  While 
Enjoying  the  Summer  Sun." 

In  the  diabetes  research  area,  the  successful  transplantation  of 
insulin  producing  cells  froii  rats  to  mice  by  NIADDK  grantee  Dr.  Paul  E. 
Lacy  was  the   subject  of  an  article  in  The  New  Yor'<  Ti'^s  on  July  7,  19^0. 
On  Lhe  same  day,  a  similar  story  heavily  based  on  a  news  release,  prepared 
by  OSTR  staff  member  Mrs.  Patricia  Sheridan,  appeared  in  the  Washington  Post. 

The  first  artificial  pancreas  implanted  in  a  human  diabetic, 
performed  by  NIM)DK  grantees,  was  featured  in  the  Washington  STAR 
on  November  8,  1980. 

A  major  article  on  diabetes,  referencing  NIADDK  research  and 
grantees,  appeared  in  the  May  1981  issue  of  Better  Homes  and  Gardens. 
The  article  generated  approximately  1,500  letters  to  the  National 
Diabetes  Information  Clearinghouse  within  two  weeks  of  publication. 

The  Washington  Post  and  the  Washington  Star  ran  stories  on  a  new 
test  developed  by  NIADDK  grantees  to  identify  parents  carrying  genes  for 
cystic  fibrosis  on  January  1,  1981. 

The  New  York  Times  ran  an  article  on  May  15,  1981,  on  NIADDK  research 
on  prophylactic  prenatal  vitamin  supplementation  to  prevent  a  rare  genetic 
defect  of  the  ne'^/born.  The  proc3uction  of  human  growth  hormone  using 
gene-splicing  techniques  was  t'le  subject  of  a  feature  article,  which 
referenced  NIADDK  grantees,  in  the  Science  Times  section  of  The  New 
York  TLmes,  January  6,  1931 

"What  You  Should  'Know  About  Ulcers,"  a  by-lined  article  written 
by  Dr.  Harold  P.  Roth  and  OSTR  staff  member  Mr.  Irving  Shapiro,  appeared 
in  the  June  1980  issue  of  Occupational  Health  and  Safet'/.  A  feature 
article  entitled  "Ulcers:  Modern  Treabnent  for  an  Ancient  Ailment," 
referencing  NIADDK,  appeared  in  the  SepteiTiber  1980  issue  of  Chang ing 
Times. 

Endoscopy  guidelines  resulting  from  an  NIADDK-sponsored  Consensus 
Development  Conference  were  the  topic  of  a  feature  article  in  September  15, 
1980  issue  of  Medical  World  News.  The  results  of  an  NIADDK -supported 
study  on  Crohn's  disease  were  reported  in  the  NIH  Alumni  Association 
Newsletter.  NIADDK  obesity  research  was  quoted  in  a  July  1980  article 
in  the  Washington  Post  concerning  weight  loss  camps  for  children. 

Dr.  Harold  P.  Roth  was  quoted  in  an  article  on  diet  for  ulcer  patients 
that  appeared  in  the  April  1981  issue  of  Better  Homes  and  Gardens.  He 
was  also  quoted  in  articles  on  ulcers  that  appeared  in  several  daily 
papers,  including  the  Newark  Star  Ledger  on  August  16,  1980. 
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Results  of  NIADDK's  study  of  the  drug  CDCA  for  the  treatment  of 
cholesterol  gallstones  were  reported  in  the  Journal  of  the  American 
Medical  Association  on  June  19,  1981,  and  in  U.S.  News  and  World  Report 
and  Medical  World  News  on  June  22,  1981. 

Trfo  articles,  "Insulin  and  Human  Growth  Hormone:  Triumphs  of  Genetic 
Engineering"  and  "Prolonged  Survival  of  Rat  Islet  Cells  in  Diabetic 
Mice  Offers  Hope,"  appeared  in  the  prestigious  "From  the  NIH"  column 
of  the  Journal  of  the  American  Medical  Association. 

OSTR  prepared  a  number  of  news  releases  during  the  past  year,  including 
announcements  on  the  successful  transplantation  of  insulin-producing  cells 
from  rats  to  mice,  the  Consensus  Development  Conference  on  endoscopy,  the 
NIADDK-sponsored  symposium  on  genetics  research,  a  new  treatment 
for  a  rare  skin  disease,  the  appointment  of  three  new  members  to  the 
NIH  Arthritis,  Diabetes,  and  Digestive  and  Kidney  Diseases  Advisory  Council, 
the  results  of  a  lO-^ear  study  on  the  dissolution  of  gallstones,  and  the 
Institute's  name  change. 

RADIO  AND  TELEVISION 

A  number  of  NIADDK  scientists  were  featured  this  year  on  radio  and 
television  broadcasts,  both  locally  and  nationally. 

Dr.  Lawrence  Shulman,  associate  director  of  the  Arthritis,  Musculo- 
skeletal and  Skin  Diseases  Program,  was  inten/iewed  about  systemic 
lupus  erythematosus  (SLE)  on  the  nationally-distributed  NewsvN?eek  TV  in 
November  1980  and  on  tlie  local  Channel  9  Panorama  progran  in  January 
1981.  He  was  also  featured  on  a  taped  interview  for  wa^IS  and  other 
national  radio  stations  on  the  subject  of  SLE. 

Dr.  Harold  Roth,  associate  director  of  the  Digestive  Diseases  and 
Nutrition  Program,  discussed  Crohn's  disease  in  an  interview  for  WGMS  radio 
in  SepteiTTber  1980.  Dr.  John  Decker  discussed  rheumatoid  arthritis  on 
WGMS  radio  in  April  1981. 

Dr.  James  Balow  talked  about  lupus  nephritis  on  Channel  9's 
Panorama  program  in  conjunction  with  a  Medicine  for  the  Layman 
lecture  on  September  30,  1980.  Dr.  Phillip  Gordon  gave  a  Medicine  for 
the  Layman  lecture  on  diabetes  on  November  18,  1980. 

EXHIBITS 

OSTR  has  responsibility  for  coordinating  the  exhibit  program,  for 
NIADDK,  designed  orimarily  for  a  scientific  audience.  Six  major  exhibits 
were  viewed  at  14  medical  and  scientific  meetings  throughout  the  United 
States  by  more  than  55,000  physicians,  scientists,  and  allied  health 
professionals. 
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Institute  exhibits  on  nephrology,  human  growth  honrone,  cystic 
fibrosis,  digestive  diseases,  diabetes,  and  general  research  were 
displayed  at  meetings  such  as  those  of  the  Federation  of  .^^erican 
Societies  for  Experimental  Biology,  the  American  Gastroenterological 
Association,  the  American  Diabetes  Association,  the  American  Public 
Health  .Association,  the  College  of  American  Pathologists,  and  the  Minority 
Bio^iedical  SyTiposium. .  Appropriate  publications  were  distributed  by  OSTR 
staff  Tieiobers  who  accompanied  exhibits. 

During  the  past  year,  the  exhibits  program  has  phased  out  "crated" 
exhibits  and  includes  only  displays  that  are  easily  updated  and  portable. 
In  addition  to  designing  new  portable  displays  on  nephrology  and  digestive 
diseases,  individual  panels  were  updated  and  replaced  for  the  diabetes 
and  NIADDK  general  research  exhibits. 

In  a  cooperative  effort  with  the  Indian  Health  Service,  NIADDK  has 
arranged  for  the  loan  of  a  diabetes  exhibit  on  the  PIMA  Indians  to  the 
PHS  Indian  Health  Hospital  in  Albuquerque,  New  Mexico  on  a  long  term  basis. 
The  exhibit  will  eventually  be  returned  to  tlie  Institute's  Southv/estern 
Field  Studies  Section  in  Phoenix,  Arizona  for  permanent  display. 

The  exhibits  progran  continues  to  be  a  valuable  metliod  of  reaching  a 
primary  audience  of  NIADDK,  the  scientific  and  medical  community.  For 
example,  15  digestive  diseases  publications  produced  with  NIADDK  support 
were  distributed  at  two  national  gastroenterological  meetings  in  tlie 
past  year.  Thousands  of  extramural  publications,  progran  announcements, 
and  other  Institute  materials  are  distributed  directly  to  relevant  publics 
at  meetings  each  year. 

THE  NIH  RECORD 

A  primary  method  of  communication  is  through  The  NIH  Record,  which 
is  distributed  to  NIH  employees,  wire  services,  local  news  media,  science 
writers  and  editors,  and  scientists  in  the  United  States  and  abroad. 
Because  this  publication  reaches  many  of  NIADDK 's  relevant  publics,  a 
writer-e<.iitor  is  assigned  as  Record  correspondent  to  provide  greater 
visibility  for  NIADDK's  prograas.  As  a  result  of  this  emphasis,  the 
number  of  items  about  NIADDK's  activities  and  personnel  increased  from 
16  in  1978-79  to  40  in  1979-80  to  60  in  1980-81. 

NIADDK's  30th  anniversary  received  extensive  Record  coverage. 
The  focal  point  of  the  celebration  was  an  all-day  public  symposium  on 
"DNA,  The  Cell  Nucleus,  and  Genetic  Disease,"  held  at  NIH  on  October  15. 
Stories  announced  the  symposium,  described  tlie  symposium  agenda,  and 
later  announced  the  availability  of  tapes  of  the  proceedings.  NIADDK 
also  published  a  four-page  feature  on  highlights  of  the  Institute's 
current  research  prograiis.  This  special  Record  issue  included  stories 
on  intramural  investigations  in  seven  laboratories  and  branches  and  on 
research  supported  by  the  extramural  progran  in  each  of  the  four  major 
disease  areas. 

NIADDK  news  releases,  described  earlier,  are  published  by  The 

NIH  Record.  In  addition,  during  the  past  year  60  articles  were  written 

for  the  Record  on  subjects  such  as  scientific  and  performance  awards, 

retirements,  biomedical  research,  and  conferences  and  seminars  of 
interest  to  the  NIH  community.        -,^.,~ 
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RESEARCH  REPORTS 

Research  reports  are  brief  sumnaries  about  significant  findings 

reported  in  the  literat=jre  by  NLADDK  scientists  and  grantees.   Prepared 

by  OSTR,  tliese  rerxsrts  reflect  th3   scope  of  the  Institute's  research 

proyrains,  and  are  used  pritrarily  as  a  basis  for  special  reports  to 
Congress  and  related  reports  to  DHHS  and  NIH. 

The  following  examples  are  representative  of  the  57  research 
reports  prepared  during  the  past  year:  1)  improved  raotor  nerve 
conduction  in  diabetics  treated  with  portable  insulin  infusion  punps; 
2)  cyclcphosphamide  heals  vascular  lesions  and  lowers  levels  of  circulating 
irnrnune  canplexes  in  rheumatoid  arthritis;  3)  HIA  antigens  and  the  inheritance 
of  regional  enteritis  (Crohn's  disease);  4)  increased  numbers  of  immunoglobulin- 
secreting  cells  in  the  blood  of  patients  'vvitli  active  systanic  lupus 
erythenatosus  (SHE);  5)  estrogen  tlierapy  improves  calcium  absorption  in 
postmenopausal  women;  6)  the  aminooyrine  breath  test  predicts  recovery 
of  liver  fijnction  from  alcohol-induced  injury;  7)  ccmloined  plasjmapheresis 
and  immunosuppression  promotes  recovery  fran  rapidly  progressive  glomerulo- 
nephritis; 8)  strict  metabolic  control  of  pregnant  diabetic  motliers 
prevents  excessive  insulin  secretion  by  their  fetuses;  9)  inherited 
early-onset  diabetes  in  purebred  dogs;  10)  viruses  decrease  the  number  of 
insulin  receotors  on  cultured  human  cells. 


SPECIAL  PRCJECrS 

OSTR  organized  activities  surrounding  the  celebration  of  NIADDK's 
30th  anniversary  on  October  15,  1980.  Over  500  scientists  from  NIH, 
local  universities  and  laboratories  attended  a  full-day  symposium 
at  Masijr  Auditorium,  entitled  "DL-IA,  the   Cell  Nucleus  and  Genetic  Disease, 
sponsored  by  NIADDK's  intramural  researdi  program.  The  symposium  was 
followed  by  a  ciLnner  at  the  National  Naval  Medical  Center,  Bethesda, 
Maryland,  v^here  Dr.   Donald  Seldin,  Chairman,  Departnent  of  Internal 
Medicine,  University  of  Texas,  Southwestern  Medical  School,  spoke  on 
"NIH  and  Medicine,  a  Syntoiotic  Relationship." 

In  preparing  for  the  anniversary  activities,  OSTR  coordinated  the 
design  ard  production  of  a  variety  of  artwork,  designed  to  be  visually 
similar  in  color  and  layout,  and  using  a  special  symtol  designating  the 
Institute.  OSTR  staff  wrote  and  distributed  a  news  release,  a  series 
of  four  NIH  Record  articles,  a  special  four-page  Record  spread  about  the 
Institute,  and  an  article  for  the  NIH  Alurmi  Association  Newsletter 
(described  previously).   Inforruation  folders  were  distributed  at  the 
synposium,  Oiich  featured  talks  by  genetics  exparts,  including  two  Nobel 
laiiiates,  all  of  whom  are  present  or  former  NIADDK  employees. 
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NIADDK  sponsored  a  Consensus  Developinent  Conference  on  the  use  of 
endoscopy  in  upper  gastrointestinal  bleeding  in  August  1980.  OSTR  worked 
closely  with  the  Office  of  Medical  Applications  of  Research  in  preparing 
ani  disserdnating  information  uiateriais  for  the  digestive  diseases  cctmunity 
aal  t2ie  no-.s   rr.eJia. 
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